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Effect of Fipronil Toxicity on the Larval Development of the Forensically Important 

Blowfly Chrysomya albiceps (Wiedemann, 1819) (Diptera: Calliphoridae)  

 

Hanan Abo El-Kassem Bosly 

Biology Department - Faculty of Science - Jazan University, Saudi Arabia  

 

Abstract 

    Fipronil is a worldwide used phenylpyrazole pesticide for the control of insects. In forensic 

entomology, data about insects’ life cycles are used to give clues about a crime. The blowfly, 

Chrysomya albiceps (Wiedemann, 1819), family Calliphoridae, is important insect in forensic 

entomology. Because its larval development rate is important for forensic entomology estimates, 

the present study was designed to investigate the fipronil toxicity on the larval development of C. 

albiceps reared on muscle tissues from fipronil-treated rats (administered with a single oral dose 

0.1 mg/kg of fipronil). Larvae were then subjected for the determination of the body weight and 

length every 12 hours for 144 hours. Results showed that the final larval weight and length were 

44.30  0.15 mg and 13.25  0.14 mm after 132 h, respectively and pupal formation at 144 h in 

fipronil group. These measurements were significantly lower as compared to that of control 

group (reared on non-treated rat muscles) which showed larval weight and length of 77.50  0.84 

mg and 12.95  0.12 mm, respectively, after 96 h; and pupal formation at 108 h. Moreover, 

larval developmental period and the time of finding fresh pupae in fipronil-treated group was 36 

hours later than that of the control. The study demonstrates that fipronil affects the larval 

development of the forensically important C. albiceps which should be taken into account in 

forensic investigations and estimation of postmortem interval (PMI). 

Keywords:  Forensic entomology; Chrysomya albiceps; Fipronil; Larval development; PMI. 

 

1. Introduction 

Fipronil (5-amino-1-[2,6-dichloro-4-

(trifluoromethyl)-phenyl]-4-

(trifluoromethylsulfinyl)-1-H-pyrazole-3-

carbonitrile) is a broad-spectrum 

phenylpyrazole insecticide which disrupts 

the central nervous system of insects via 

interference with the passage of chloride 

ions through the -aminobutyric acid- 

(GABA) regulated chloride channel 

1
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(Raymond-Delpech et al., 2005). Fipronil is 

used for crop protection in agriculture, 

animal health, horticulture, house protection 

and locust control (FAO, 2009). Fipronil is 

widely marketed due to its activity against a 

variety of insect pests like, fleas and ticks on 

pets, mole crickets in turf grass, and indoor 

pests such as ants and roaches (Kaakeh et 

al., 1997; Ree et al., 2006; Gunasekara et al., 

2007; Insuasty et al., 2010; Poché et al., 

2017; Gupta and Anadón, 2018). The U.S. 

Department of Housing and Urban 

Development in collaboration with the 

United States Environmental Protection 

Agency conducted a survey measuring 

insecticides in a randomly selected 

nationally representative sample of 

residential homes. The survey showed that 

most floors in occupied homes in the U.S. 

have measurable levels of insecticides and 

found that fipronil residues was recorded 

40% of tested homes (Stout et al., 2009). 

The exposure to fipronil can pose a risk for 

mild, temporary health effects in various 

human body systems (Mohamed et al., 2004; 

Lee et al., 2010). Fipronil toxicity recorded 

not only by direct human dose but also 

through the food consumption of 

contaminated food with its residue (Gerletti 

et al., 2020; Đokić et al., 2020). Hence, the 

widespread of fipronil elevate its human 

exposure directly or indirectly. 

In forensic entomology, collecting 

and analyzing insect evidence help in 

forensic examinations. Insects were used for 

the determination of the minimum time 

since death in cases of suspected death, 

which is either by determination of the age 

of the oldest necrophagous insects that 

developed on the corpse or by the analysis 

the insect species components on the corpse 

(Amendt et al., 2011). The 

Entemotoxicology is considered as an aspect 

of forensic entomology and examination of 

insects in corpses can indicate toxins or 

drugs in it and revealing an evidence about 

the cause of death (Introna et al., 1990; Goff 

et al., 1992; Hédouin et al., 1999; Hédouin 

et al., 2001). Moreover, the postmortem 

interval (PMI) estimates on larval 

development (Goff et al., 1992). Chrysomya 

albiceps (Wiedemann, 1819) (Diptera: 

Calliphoridae) is one of the most studied 

blowflies and is recognized as a pioneer 

species in the colonization of corpses and 

carcasses and is attracted by the odor 

produced during corpse decomposition 

(Kosmann et al., 2011; Vasconcelos et al., 

2013; Mashaly et al., 2020). It is considered 

as one of the main species of forensic 

2
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importance due to not only its early presence 

on the corpse but also its high reproductive 

rate (Grassberger et al., 2003). C. albiceps 

was the dominant species recorded on 

indoor and outdoor carcasses in stages of 

bloating, decay and advanced decay in a 

recently published study in Saudi Arabia 

(Al-Khalifa et al., 2020; Mashaly et al., 

2020). C. albiceps has been previously 

collected and identified in the area of 

interest of the present study (Jazan, Saudi 

Arabia) (Bosly, 2010; Setyaningrum and Al 

Dhafer, 2014; Dawah et al., 2019; Mashaly 

et al., 2020). C. albiceps is important in 

forensic entomology since it can be used to 

determine the PMI by calculating the age of 

the oldest larval stage feeding on a corpse 

(Gomes et al., 2006; Mendonça et al., 2010; 

Ramos-Pastrana and Wolff, 2017; Salazar-

Souza et al., 2018). 

Therefore, the present study aimed to 

explore the effects of fipronil on the larval 

development of C. albiceps that can provide 

a tool for forensic entomologists to estimate 

the PMI as information in judicial cases. 

2. Materials and Methods 

2.1.  Experimental animals 

The present study was carried on 

sixteen adult male albino Wister rats. Rats 

were supplied by the Animal Research 

Center of the Jazan University Medical 

Research Center (JUMRC) and weighing 

(200 ± 20 g) and 4 months aged. Animals 

were housed in environmentally controlled 

conditions (temperature of 22 ± 2
o
C) with a 

12-h light/dark cycle and had free access to 

commercial rodent pellets and water ad 

libitum. All experimental procedures 

involving animals were reviewed and 

approved by the Standing Committee for 

Scientific Research Ethics- Jazan 

University. The ethical approval reference 

number (REC42/1/080). 

2.2. Chemicals:   

Fipronil commercial formulation 

(Fipronil 5% SC) was provided from Jazan 

Agricultral Research Center, LOT No: MI 

190359, India. 

2.3. Preliminary study: 

The present study was started by 

pilot using different concentrations of 

fipronil orally administered to adult male 

albino Wister rats started from 25 mg/kg 

that induced mortality after 24 h, then the 

dose was reduced up to 1.5 mg/kg. The 

lower doses resulted in no animal mortality 

but showed C. albiceps larval mortality once 

or they did not complete their maturation for 

pupal formation.  

3
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2.4. Preparation of fipronil 

treated rat muscles 

Animals were randomly divided into 

two groups, the control group (n=4) where 

rats were orally administered with single 

dose via oral gavage of 2ml of normal saline 

(control group) or fipronil-treated group 

(n=12) where each rat was orally 

administered a dose of 1mg/kg (in 2ml) 

fipronil (equivalent to 1/100 LD50 of rats 

(Tingle et al., 2003). Control and fipronil-

treated animals were sacrificed by sudden 

decapitation 24 h post oral administration 

and skeletal muscle tissue samples from 

each group was excised and were stored in 

freezer until used for feeding the 

experimental larvae. 

2.5.  Origin of the Chrysomya 

albiceps Specimens colony 

The C. albiceps colony was established at 

the Biology Department, Faculty of Science, 

Jazan University, and were reared in the 

laboratory for four generations. Flies were 

placed in polypropylene breeding cages (45 

× 30 × 20 cm), and adults were allowed 

access to diet (ad libitum); the diet consisted 

of skimmed powder milk and sugar 10g 

each in 100 ml of water in Petri dishes 

(Bosly, 2021). Larvae were placed in 

beakers within transparent boxes containing 

sand and sawdust to prevent the post-feeding 

larvae from escaping. Larva were provided 

fresh cattle liver tissue (purchased from 

governmental slaughter house in Abu Arish, 

Eastern Jazan) ad libitum as a rearing 

medium/substrate in the cages (Figure 1). 

2.6.  Experimental procedures: 

The experimental procedures were 

performed in three replicates. In each 

replicate 40-50 first instar larvae/group were 

picked up under stereomicroscope with the 

aid of a brush (number 0) to plastic vials 

(15 × 12 × 11 cm
3
) containing 20 g of rat 

muscles from normal untreated rats muscle 

(control group) and from fipronil treated rats 

(fipronil group) as larval rearing substrates. 

The rearing muscles replaced every 24 h 

until pupation (Figure 2). The rearing vials 

were covered with muslin secured with a 

rubber band, and muscle tissue were 

replaced daily with sterilized muscle 

shavings. The vials were maintained in 

climatic chambers at 301℃, with 65% 

10% RH and a photoperiod of 12 h/12 d 

(light/dark). The experimental temperature 

at 301℃ was chosen according to results of 

a previous study which recorded that rearing 

at 30°C was optimal for C. albiceps (Bosly, 

2021). 

4
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Every 12 h until pupation, thirty 

randomly selected larvae from the replicates 

in each group were immersed in hot water 

(70–80°C) for 3–5 min to prevent shrinkage 

before preservation in 75% alcohol 

according to the method described by 

Adams and Hall (2003). They were used for 

the determination of the larval weights (mg) 

by using a sensitive electrical balance with a 

sensitivity of 0.001 g
-1 

and larval lengths 

(mm) to the nearest 0.01 mm under a 

stereoscopic binocular microscope. The 

onset times of pupation in each group were 

recorded. 

2.7.  Statistical analysis 

Data analysis was performed using 

one-way ANOVA (with a least significant 

difference (LSD) test), and significant 

differences were defined as those with 

P<0.05. Statistical analysis was performed 

using the Statistical Package for Social 

Science "SPSS" for Windows software, 

Release 22.0 (SPSS, Chicago, IL). 

3. Results 

Data in Table (1) show the means 

and standard errors of C. albiceps larval 

body weights (mg) every 12 h for 144 h of 

control and fipronil groups. The larval body 

weights of the control group were 

significantly increased after 24 h (7.50  

0.15 mg) from that at 12 h (2.30  0.85 mg) 

of rearing up to 84 h (79.60  0.78 mg) 

(P<0.05). On the other hand, body weight 

significantly decreased at 96 h (77.50  0.84 

mg) as compared to the last period of 

detection (84 h) (P<0.05). As in control 

group, but in a prolonged period, fipronil 

group showed significant increase in the 

larval body weight from 24 h (4.40  0.09 

mg) compared to that at 12 h (3.00  0.12 

mg) of rearing up to 120 h (45.10  0.19 

mg) (P<0.05). Then the weight significantly 

decreased at 132 h (44.30  0.15 mg) as 

compared to the last period of detection (120 

h).  Data also presented a significant 

decrease in the larval body weight in the 

fipronil group as compared to the 

corresponding weights in larvae of control 

group at 12, 24, 48, 72 and 96 h (P<0.05). 

Moreover, larvae of control group initiated 

pupation at 108 h, which was earlier than the 

time of pupation in those reared on muscles 

of fipronil treated rats (144 h).  

The effect of fipronil- treated 

muscles on larval body length represented in 

Table (2). Results clearly showed a 

significant increase in the body length (mm) 

of control larvae after 24 h (4.78  0.08 

mm), 36 h (5.90  0.12 mm), 48 h (7.48  

0.08 mm), 60 h (8.89  0.14 mm), 72 h 

5
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(13.30  0.14 mm) and 84 h (14.00  0.11 

mm). Then the larval body length 

significantly decreased at 96 h (12.95  

0.12) as compared to that detected at 84 h. 

while,  the larval body lengths in fipronil 

group significantly lower than their 

corresponding in control group from 12 h up 

to 96 h.  Data showed body length at 12 h 

(2.00  0.08 mm), 24 h (2.66  0.08 mm), 

36 h (4.38  0.08 mm), 48 h (6.19  0.09 

mm), 60 h (7.92  0.08 mm), 72 h (8.59  

0.05 mm), 84 h (9.55  0.10 mm), 96 h 

(10.05  0.13 mm), 108 h (11.90  0.14 

mm) and at 120 h (14.05  0.11 mm). Then, 

 the larval body length significantly 

decreased at 132 h (13.25  0.14 mm) as 

compared to that detected at 120 h. Figure 

(3) represented the visualized difference in 

size between larvae in control (A) and 

fipronil group (B).  

 

 

Table (1): Effect of fipronil on the average Chrysomya albiceps larval body weight (mg) (mean  SE) 

at different durations and the onset time of pupa (h). 

 

              Groups  

Hours 
Control Fipronil 

12 3.00  0.12
a
 2.30  0.85

a
 

24 7.50  0.15
b 4.40  0.09

b* 

36 12.90  0.18
c 6.40  0.19

c* 

48 39.40  0.54
d 10.10  0.24

d* 

60 49.00  0.39
e
 14.50  0.19

e* 

72 72.60  1.53
f 19.00  0.45

f* 

84 79.60  0.78
g 

22.40  0.19
g* 

96 77.50  0.84
h
 27.50  0.24

h* 

108 Pupation  32.50  0.09
i 

120 - 45.10  0.19
i 

132 - 44.30  0.15
j# 

144 - Pupation  

Onset time of pupa (h) 108 144 

6
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Data represented as mean  SE, n=30. Means sharing the same superscript are not significantly 

different from each other (P<0.05) within the same column and superscript (*) indicates 

significance between means within the same raw. 

 

 

Table (2): Effect of fipronil on the average Chrysomya albiceps larval body length (mm) (mean  

SE) at different durations 

     Groups  

Hours 

Control Fipronil 

12 2.85  0.06
a
 2.00  0.08

a*
 

24 4.78  0.08
b 2.66  0.08

b* 

36 5.90  0.12
c 4.38  0.08

c* 

48 7.48  0.08
d 6.19  0.09

d* 

60 8.89  0.14
e 7.92  0.08

e* 

72 13.30  0.14
f 8.59  0.05

f* 

84 14.00  0.11
g 

9.55  0.10
g* 

96 12.95  0.12
h 10.05  0.13

h* 

108 Pupation  11.90  0.14
i 

120 - 14.05  0.11
i 

132 - 13.25  0.14
j# 

144 - Pupation  
 

Data represented as mean  SE, n=30. Means sharing the same superscript are not significantly different 

from each other (P<0.05) within the same column and superscript (*) indicates significance between 

means within the same raw. 
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Figure (1): Rearing of C. albiceps colony on liver tissue. 

 

Figure (2): Rearing of C. albiceps larvae on rat muscles, the first instar larvae (A) (arrow) and the 

pupae (B) (arrow). 
 

 

Figure (3): A photograph represent the difference in C. albiceps larval size after 24 h 

(arrow) in control group (A) and in fipronil group (B). 

8
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4. Discussion 

The present study started by 

preliminary investigation that showed C. 

albiceps larval mortality once or they did 

not complete their pupal formation when the 

first instars reared on muscle tissues from 

rats orally administered concentrations in a 

single dose from 25 mg/kg up 1.5 mg/kg. 

The dead larvae could be used as evidence 

in case of suspicions deaths by their analysis 

to elucidate the effect of the insecticide on 

larvae as previously studied through the 

insect’s protein profile (Sawaby et al., 2009; 

Abd El-bar and Sawaby, 2011) or the 

insect’s pesticide level (Rashid et al., 2008). 

In the present study, unfortunately, the 

analysis was unavailable and the study 

continued with the single fipronil rat dose 

induced no mortality (1mg/kg).  

The present study results 

demonstrated the effect of fipronil toxicity 

on the insect through the significant delayed 

development of the C. albiceps larvae and 

pupal formation. Where the larval 

development period and the time of finding 

fresh pupae in fipronil group was 36 hours 

later than that of the control. In addition to 

reduced larval body length and weight in the 

prepupal determined time. It was known that 

the C. albiceps life cycle constitutes three 

larval instars and a pupal stage, where the 1
st
 

stage feed on the decaying flesh while the 

2
nd

 and 3
rd

 ones feed on other blow fly 

larvae (Faria et al. 1999). The 3
rd

 larva 

continues to feed for a while then it stops 

feeding and inter a non-feeding wandering 

stage is called a prepupa (where larvae 

decreased in weight and length) to pupate 

(Dhang et al. 2008; Joseph et al., 2011).  

Carrion flies feed on poisoned dead 

bodies previously ingested drugs or toxic 

substances and the investigation about how 

these substances interact with the insect 

following ingestion and the possibility to 

estimate the time of death is decisive to 

forensic entomotoxicology (Stojak, 2017). It 

was reported that the presence of drugs in 

decomposing tissues could alter the rate of 

development of insects colonized on carcass. 

Where insects could be alternative 

specimens when the body fluids and tissues 

are not valid for analysis and constitute an 

evidence to establish the estimation of PMI 

(Amendt et al., 2011; Harvey et al., 2016). 

As regard to drugs, it is well known 

that addiction is a major public health 

problem worldwide and deaths through 

overdoses are common. The presence of 

drugs in carcass tissues can alter the rate of 

development and biomass of insects that 

9
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colonize them and affect the estimate of 

PMI (Mashaly et al., 2020).  Chrysomya 

albiceps when was reared on rabbit tissues 

administered tramadol (opoid drud) caused a 

significant decrease in weight, length, width 

and showed abnormal fused small sized 

respiratory spiracles and deformed small 

posterior end with hypogenesis of the 

posterior respiratory spiracles of C. albiceps  

third instars larvae and the results 

collectively could affect PMI estimation 

(Elshehaby et al., 2019). In the same 

manner, cypermethrin (a pyrethroid 

pesticide) and tramadol hydrochloride 

retarded the mean total developmental 

period from egg to adult of C. albiceps 

(Ekrakene and Odo, 2017). In addition, 

higher concentrations of heroin or higher 

amounts of alcohol consumption as drug 

abuse or addiction may sometimes be a 

direct cause of death and that affect the 

succession patterns of insects that colonize a 

body (Tabor et al., 2005). Morphine 

sulphate when was previously administered 

to rabbits in recorded decreased C. albiceps  

larval development rate by an increase larval 

length and weight and accelerated the 

puparial development rate when they fed on 

rabbits tissues in a dose dependent manner 

(Salimi et al., 2018). The study concluded 

that the time taken for morphine-fed larvae 

to pupariate was longer and for puparial 

stage was shorter, than the time taken by 

control colonies (Salimi et al., 2018). The 

larvae of C. albiceps that fed on the cocaine-

containing livers were developed faster than 

that fed on control liver tissue declaring the 

cocaine stimulation influence on the larval 

growth (de Carvalho et al., 2012). 

Different studies were performed to 

assess the effect of insecticides on the on 

maggots and insects as a guide for 

establishment of the cause of death and 

could be aid in estimating postmortem 

interval. Previously, Malathion increased the 

period of larval development, the larval 

length and weight and delayed the pupal 

onset time in C. megacephala species and 

the pesticide accumulated in larvae (Yan-

Wei et al., 2010). Dimethoate 

organophosphate showed delayed growth 

development effect on four species of 

blowflies (Chrysomya megacephala, 

Chrysomya saffranea, Chrysomya rufifacies 

and Chrysomya Indiana) that reared on 

sheep liver contaminated with dimethoate 

from the minimum dose concentration was 

used (1 ppm dose) up to 4 ppm in a 

concentration dependent manner (Abd Al 

Galil et al., 2021). In the same manner 

10
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Terbufos organophosphate (5 or 10 mg/kg) 

administered decomposed rats under 

environmental conditions affected the 

development of the forensic potential flies 

and implicated for the PMI estimation (Jales 

et al., 2021).   

Fipronil as a pesticide worldwide 

used and actively marketed throughout a 

wide range of industrialized and developing 

countries. People are readily exposed to it in 

daily life, as it is effective against a variety 

of insect pests and control parasites in pets 

and possibly as a residual in feeding 

materials, so it offers hazards to human 

health. In humans, poisoning is mainly due 

to accident or suicide attempt (Chodorowski 

and Sein Anand, 2004; Lee et al., 2010; 

Gutta et al., 2019).  A previous study (Pisa 

et al., 2015) concluded that the existing 

levels of pollution under authorized uses 

with fipronil probably to have large-scale 

and wide range negative biological and 

ecological impacts. Fipronil side effect on 

non-target invertebrates as honeybees when 

exposed to the nectar and pollen of treated 

plants showed evidenced effects on learning, 

memory, orientation and reduced their 

efficiency of foraging (El Hassani et al., 

2009; Holder et al., 2018). Fipronil showed 

highly toxic to all tested bee species in 

addition to the effect on the predatory 

invertebrates of natural pest species (Pisa et 

al., 2015). The toxicity of fipronil and its 

degradates to nontarget species, such as 

aquatic invertebrates, is well documented 

(Mize et al., 2008; Overmyer et al., 2007; 

Weston and Lydy, 2014).  

Fipronil insecticidal activity exerts 

by binding GABA receptors and glutamate 

receptors leading to hyperexcitability 

(Gunasekara et al., 2007; Narahashi et al. 

2010).  The continuous neurons stimulation 

leads to death of the target invertebrates. 

While the binding of fipronil to insect 

GABA receptors is tighter than that 

observed for vertebrate receptors. In 

addition, the effect on the glutamate 

receptors is specified to insects and make 

the difference in efficiency on invertebrates 

over that on vertebrates (Grant et al. 1998; 

Hainzl et al. 1998; Ikeda et al., 2003; 

Mohamed et al., 2004; Narahashi et al. 

2010). Fipronil metabolism in vitro and in 

vivo studies revealed that fipronil is 

converted to fipronil sulfone as a major 

metabolite that have oxidative and similar 

toxicity effects as the parent compound in 

insects and mammals (Scharf et al., 2000). 

Fipronil-desulfinyl, a photodegradation 

product of fipronil, on the basis that it could 

11
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be a significant residue, and its toxicity 

appeared to be greater than that of the parent 

molecule, fipronil. The sulfone was the 

major metabolite in rat fat and tissues (FAO 

fipronil). The presence of adipocytes 

associated with rat skeletal muscle can be 

important in addition to the skeletal muscles 

themselves in accumulation of the 

insecticide as previously detected because of 

fipronil oral administration in rats (Powles, 

1992; Cravedi et al., 2013). Fipronil and its 

metabolites are widely distributed, 

particularly in adipose tissues, and have a 

high level of enterohepatic recirculation 

(Hainzl and Casida 1996; Mohamed et al. 

2004). This in line with the predicted 

toxicity effects on larvae that fed on muscles 

from rats administered fipronil.  

Conclusion: The present study demonstrates 

practically that fipronil affects the larval 

development of the forensically important 

Chrysomya albiceps and this practical 

implications may add for forensic 

investigations with suspected poisoning by 

fipronil to estimate the PMI as information 

in judicial cases. 
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   يزوميا البيسبساذبابة ذات الأهمية الجنائية كرالبرونيل على تطور يرقات يتأثير سمية الف

(Chrysomya Albiceps (Wiedemann, 1819 الأزرقفصيلة الذباب  رتبة ذوات الجناحين.  

 يصلبحنان أبو القاسم 

 جامعة جازان. المملكة العربية السعودية م،كلية العلو ،قسم الأحياء

 العربىالملخص 

في جميع أنحاء العالم لمكافحة الحشرات. في  والمستخدممجموعة الكيميائية الفينيل بيرازول الفيبرونيل مبيد حشري يتبع ال

تعد حياة الحشرات أداة تستخدم لإعطاء أدلة في حلّ القضايا الجنائية و بدورةعلم الحشرات الجنائى تعد البيانات المتعلقة 

، فصيلة الذباب الازرق Chrysomya albiceps (Wiedemann, 1819)) )لبيسبساوميا يزاكر(الذبابة الخضراء 

(Calliphoridae)  صممت  يولأن معدل تطور اليرقات مهم لتقديرات علم الحشرات الجنائ الجنائيمهمة في علم الحشرات

لذبابة الخضراء على نسيج طور الأول لحيث تمت تربية يرقات العلى نمو اليرقات، برونيل يالدراسة الحالية لتقييم سمية الف

يل( وهذه نكج )مجموعة الفيبرومج 0.1تم تجريعها فميا بالفيبرونيل بجرعة واحدة قيمتها  معاملةعضلات جرذان 

  ساعة. 144ساعة لمدة 12 المجموعة استخدمت لتقدير وزن وطول اليرقات كل 

±  13.25مجم( و ) 0.15±  44.30) سجلالنهائي  وطولها لبيسبسايزوميا ارقات كرين وزن أأظهرت النتائج  

 القياساتكانت  ، برونيليساعة( في مجموعة الف 144العذارى عند ) ظهورساعة و 132على التوالي بعد  مم(0.14

  المجموعة الضابطة )التي تمت تربيتها على عضلات الفئران غير المعالجة( بقياساتالمذكورة أعلاه أقل بكثير مقارنة 

 108العذارى عند ) ظهورساعة و 96مم( على التوالي بعد  0.12±  12.95مجم( و )0.84 ± 77.50)سجلت  يوالت

ساعة عن تلك في  36برونيل متأخرة يفي مجموعة الف الحديثة العذارى ظهورساعة(. كانت فترة نمو اليرقات ووقت 

ى تطور يرقات ذبابة كرايزوميا البيسبس المهمة من برونيل يؤثر عليالمجموعة الضابطة. أوضحت الدراسة عمليًا أن الف

فيبرونيل الالناحية الجنائية وقد يضيف هذا المتضمن العملي إلى تحقيقات الطب الشرعي في حالة التسمم المشتبه به بواسطة 

   لتقدير فترة ما بعد الوفاة.

 برونيل؛ تطور اليرقات؛ فترة مابعد الوفاة.فيال؛ كرايزوميا البيسبس؛ الجنائيعلم الحشرات  :الكلمات المفتاحية
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ABSTRACT 

There has been a growing interest in the past few decades among the engineering community to 

understand the behaviour of reinforced concrete structures exposed to severe loads due to blast and 

impact. Although these severe transient dynamic loads are rare in occurrence for most structures, their 

effect can result in catastrophic and sudden structural failure. The structural elements of the bridges 

are most venerable to these accidental loadings. However, the piers are most critical and venerable to 

these kinds of loadings, therefore, in this investigation a detailed numerical investigation have been 

carried out which initially used the experimental data of published study of RC columns under impact 

to validate the Finite Element (FE) models, which is then extended to study the number of parameters 

(percentage of the longitudinal reinforcement, compressive strength of concrete (𝑓𝑐′), impact velocity 

and, stirrups spacing) which may influence the impact behaviour of the RC columns. Following this a 

typical RC pier full scale model has been used to investigate the vehicular collision. Based on the 

detailed numerical investigation, it was found that the percentage of steel significantly influence the 

impact force, however, compressive strength of concrete and stirrup spacing was found to have no 

significant influence on the impact force. 

Keywords: Impact Loading, Vehicular Collision, Finite Element, Reinforced Concrete, Piers, 

Columns. 

 

 

23



 م (2021نوفمبر  -هـ  1443) ربيع الثاني   2العدد  9المجلد                                                      التطبيقية علومللمجلة جامعة جازان 

  

 

 

 

 

1. INTRODUCTION 

As per 2017 statistics of Ministry of 

Transportation, Kingdom of Saudi Arabia 

(KSA) there are approximately 4989 Bridges. 

These bridges are typically designed for a live 

load of 600-kN (60-Ton) 3-Axle Truck 

Loading (133-K 3-Axle Truck Loading) and 

typically these bridges are made up of 

Reinforced concrete construction with concrete 

having compressive strength of approximately 

35 MPa after 28-days moist curing and yield 

steel yield Strength of Grade-60 i.e 420 MPa. 

Furthermore, there are large number of these 

bridges having age of 45 and now under repair 

in order to use these bridges for there whole 

design life. The structural components of these 

bridges which are mostly under repair are 

Abutments, Girders, and Piers. There are 

several causes which requires maintenances of 

these bridges which may include higher traffic 

volume than the design loads, corrosion of 

reinforcement, natural disasters like floods, 

high speed winds, etc.  These activities are not 

that frequent which results in the deterioration 

of the bridges on a daily basis, however, 

collision of vehicles with the structural 

elements significantly cause damage to the 

structure and require immediate action in order 

to avoid the closure of the route which may 

have significant influence on the economic. 

Vehicular collision may cause damage to any 

structural element of the bridge, for e.g. 

recently a parapet was hit by a concrete mixer 

truck while passing on the bridge number: 

B02-0009 (B4929) located at the Eastern 

province, rout 615, King Abdul Aziz road. The 

superstructure of the bridge consists of 

prestressed concrete closed box girder. It was 

observed that the parapet bridge was hit by 

concrete mixer truck while passing on the 

bridge which resulted in severe damage of 

concrete and exposed bars of about 6-meter 

length and the height of 1.05 meter as shown in 

Figure 1. 
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Figure 1: Damage caused to the Parapet of Bridge B02-0009 (B4929) Located at the Eastern Province, Rout 

615, King Abdul-Aziz Road. 

 

Figure 2: Damage caused to the Bridge Number B3429 Located at the Western Province, Rout 15, Makkah – 

Madinah Road. 

Similarly, another vehicular collision was 

reported on bridge number (B3429 located at 

the Almadina province, rout 15, Makkah – 

Almadina road in which bridge was hit by a 

trailer while passing under the bridge. The 

superstructure of the bridge consists of 

prestressed concrete Girder (4 Girder/ span).  It 

was observed that the bridge was hit by a high 

vehicle while passing under the bridge in 

which the external girder-1 exhibited severe 

damage at 2 prestressing tendon and girder -3 

showing lateral distortion and damaged 

concrete of about 3m length and exposed 

tendon as shown in Figure 2. Based on above 

two report vehicular collision on the bridges, it 

is important that the structural element should 

be able to withstand the dynamic forces 

generated during these impacts such that it 

should be able to operated through its design 

life. As mentioned above, any structural 
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member of the bridge i.e. girders, piers, deck 

can be subjected to the impact load produced 

due to the vehicular collision, however, the 

piers are most critical and venerable to these 

kinds of loadings. Therefore, investigating the 

behaviour of Piers under impact loading is very 

important in order to ensure smooth operation 

of the bridges. Number of studies have been 

carried out which studies the behaviour of RC 

columns under impact loadings. 

The behaviour of reinforced concrete (RC) 

columns subjected to impact loading was 

studied by Cai et al. [1]. For this purpose, 

seven RC columns having identical cross-

sections of 150mm x 150mm and having height 

of 1200mm were used. The specimen was 

tested using impact test setup which consist of 

drop weight and impacting hammer. In this 

investigation seven columns were impacted at 

the mid-height region with three different 

masses of (i) 1200 kg (ii) 1500 kg (iii) 1800 kg 

representing light, medium and heavy trucks 

respectively. The velocity of the impacting 

hammer used in this investigation was (i) 0.4 

m/s (ii) 0.6 m/s (iii) 0.8 m/s (iv) 1.0 m/s (v) 1.2 

m/s. In general, it was seen that for identical 

mass and with increasing velocity the 

maximum contact force and impact duration 

exhibited by the specimen increases. It was 

also observed that for identical velocity 

specimen impacted with smaller mass exhibits 

higher impact force. Similar to the observations 

of contact force time histories it was found that 

for identical mass and with increasing velocity 

the displacement exhibited by the specimen 

also increases. 

The behaviour of a RC column subjected to 

multiple impact was studied by Zhang et al.  

[2]. A column having a square cross-section of 

100mm x 100mm and a height of 800mm was 

used for this purpose. The impact load was 

applied using pendulum and for this purpose 

the pendulum was raised to desired height and 

released with velocities ranging from 230 m/s 

to 3580 m/s. It was observed that for the case 

when RC column was impacted multiple times 

the maximum contact force increases 

significantly with 1st, 2nd and 3rd impact. This 

may attribute to the fact that with each impact 

the local stiffness of RC column at the contact 

area decreases and as a result contact force 

increase. However, when a RC column is 

impacted fourth time a significant reduction in 

contact force was observed as due to last 3 

impacts the column has lost its stiffness 

significantly. 

The behaviour of Reinforced Concrete columns 

(RC) subjected to impact loading was studied 

by Demartino et al. [3]. For this purpose, four 
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cantilever circular RC columns having 

diameter of 300mm and a height of 1700mm 

were used. Two columns with a stirrup spacing 

(a) s = 330mm and the remaining two columns 

with spacing (b) s = 100mm. The specimens 

were tested using impact test setup which 

comprises of drop weight and a test truck. The 

drop weight and the test truck was connected 

with the help of steel wires. The test truck was 

accelerated by the drop weight drive 

mechanism. In order to apply impact load, the 

drop weight was released which transferred the 

force to the test truck using steel wire. The 

separation system detached the test truck and 

steel wires (and the drop weight). After the 

separation the test truck strikes the specimen 

with the exhibited velocities. In this 

investigation four columns were impacted with 

two different velocities respectively. The 

adopted velocities were (i) 3.0 m/s (lower 

velocity) (ii) 4.5 m/s (higher velocity). In 

general, it was observed that large impact 

velocity leads to large damage. It was observed 

that when the columns were impacted with 

lower velocity the columns sustained their 

stiffness whereas when impacted with higher 

velocity the columns lost their stiffness 

resulting in failure of the column. 

The behaviour of the columns under vehicular 

impact loads was also studied numerically; for 

e.g. Zhou & Li [4] proposed a model for 

assessing the damage caused to the bridges 

piers using non-linear finite element analysis. 

Chen et al. [5] carried out a detailed numerical 

investigation for studying the behaviour of 

bridge pier under the heavy-duty truck’s 

collisions. Based on the detailed numerical 

investigation it was found that during the 

collision the heavy-duty trucks shows two to 

three peaks in the impact force time histories. 

AuYeung & Alipour [6] studied numerically 

the influence of vehicle mass, velocity, 

diameter of the pier and transverse 

reinforcement on the  bridge pier under 

vehicular collision and found that pier diameter 

is the main parameter in detecting the failure 

mode under vehicular collision. Brackin et al. 

using detailed numerical investigation found 

that 600 kips load is an appropriate design load 

for pier subjected to heavy vehicular impacts. 

Based on above literature review and 

discussion, it is evident that most of the 

experimental studies focused on studying the 

scaled RC specimens, however, full scale RC 

piers under impact loading have not been 

studied extensively. Therefore, in this 

investigation a detailed numerical investigation 

have been carried out which initially used the 

experimental data of published study of RC 

columns under impact to validate the Finite 
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Element (FE) models, which is then extended 

to study the number of parameters which may 

influence the impact behaviour of the RC 

columns. Following this a typical RC pier full 

scale model has been used to investigate the 

vehicular collision. 

2. NUMERICAL 

INVESTIGATION 

The numerical investigation was conducted 

using non-linear finite element software 

ABAQUS- 2016. Nonlinear FE analysis were 

carried out using implicit scheme. The same 

material properties were used as reported by 

Do et al. [7] for the validation of FE models. 

The concrete block and steel plates at the top of 

the column representing the super-structural 

loads were modeled as an elastic material with 

defined properties same as of concrete used in 

column and steel used in reinforcement. The 

other end of the column is made fixed by 

applying boundary condition such that 

translation and rotation in every direction is 

restricted. In order to ensure reinforcement is 

properly embedded in the column, a constraint 

of “embedded region” is used with 

reinforcement cage defined as embedded 

region and concrete column as host region. The 

steel impactor was also modeled as an elastic 

material and was given an initial velocity of 

640m/s. The contact between the impactor and 

column is made by creating a surface-to-

surface contact between the contacting surfaces 

with a friction co-efficient of 0.5. 

3. VALIDATION OF THE 

FINITE ELEMENT 

ANALYSIS 

In order to validate the prediction of the finite 

element analysis an experiment impact test 

results of a bridges column subjected to lateral 

impact load carried out by reported by Do et al. 

[7] were used. For this purpose, non-linear 

finite element analysis was conducted using 

ABAQUS [8]. The experiment test setup 

consists of a RC column having a cross-

sectional area of 100 mm x 100 mm and a 

height of 800 mm subjected to lateral impact 

load). In order to represent the super-structure 

of the bridge a load was imposed on to the 

column with the help of a concrete block 

having a mass of 173 kg and steel plates with a 

mass of 115 kg prior to the application of the 

impact load. The impact load was applied with 

the help of the pendulum which consist of the 

impactor having a 300 kg which was used to 

impact the column at its mid height. Further 

details of the impact test setup can be found 

elsewhere [7]. 
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Figure 3: Finite Element Model used for Conducting Validations. 

 

A finite element model, similar to the impact 

test set up used [7] was developed as shown in 

Figure 1. The concrete block and steel plates at 

the top of the column which were used to 

represent the super-structural loads in the 

impact test setup was modeled assuming its 

elastic behaviour. Figure 2 shows the 

comparison of the impact force-time histories 

exhibited experimentally and predicted 

numerically. A good agreement between the 

experimental and numerical result is observed 

indicating the validation of the model. A slight 

deviation is observed in the time of the contact 

and the peak impact force established 

experimentally and numerically. The peak 

impact force from the experimental data is 

found to 21.49 kN while numerically it is 24.53 

kN.  
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Figure 4: Comparison between Impact-Force versus Time-Histories Established Experimentally [7], and 

Predicted Numerically. 

 

4. PARAMETRIC STUDIES 

In order to study the influence of various 

parameters on the impact behaviour of the RC 

columns parametric studies were carried out 

using same FE validated model as described 

above. The parameters considered in this study 

are: 

(a) Percentage of the longitudinal 

reinforcement 

(b) Compressive strength of concrete (𝑓𝑐′) 

(c) Impact velocity 

(d) Stirrups spacing 

 

4.1.Influence of Percentage of 

Longitudinal Reinforcement 

As per ACI 318-14 [9] specifications, the 

minimum and maximum percentage of 

longitudinal reinforcement allowed for the 

design of RC columns is 1% and 8% 

respectively. Therefore, the study herein 

focuses on studying the influence of these 

longitudinal reinforcement on the impact 

behaviour of the RC columns. In the first case 

study, maximum percentage of steel i.e. 8% is 

considered (case(a)), whereas, in the second 

case study 4% of longitudinal steel was used 

(case(b)). The results of both these case studies 

are also compared with the column specimen 

having 1% longitudinal reinforcement as used 
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in the case for the validation of the FE analysis 

(FE Model). Figures 3 and 4 show the 

comparison between impact force-time 

histories, and midspan deflection of RC 

columns having different percentages of 

longitudinal steel and subjected to same impact 

load as used above in the validation. As can be 

seen that increasing the percentage of steel 

results in increase in impact force hence a 

direct relation is established, whereas, the 

increase in percentage of steel results in 

decrease in the displacement at the point of 

impact. 

 

 

Figure 5: Comparison between Impact-Force versus Time-Histories for RC Columns having 8% (Case (a)), 4% 

(Case (b)) and 1% (FE Model) Longitudinal Reinforcement. 
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Figure 6: Mid-Span Deflection with respect to Time observed for RC Columns having 8% (Case (a)), 4% (Case 

(b)) and 1% (FE Model) Longitudinal Reinforcement. 

 

4.2. Influence of Compressive Strength 

of Concrete 

In order to study the influence of compressive 

strength of concrete (𝑓𝑐′) on the impact 

behavior of the RC columns, three case studies 

were considered using different concrete 

compressive strengths:  

(a) 𝑓𝑐′ = 20.6 MPa  

(b) 𝑓𝑐′ = 60 MPa  

(c) 𝑓𝑐′ =80 MPa  

The reason for the consideration of 

compressive strength of 20.6 MPa is that it 

corresponds to 3 ksi which is common value of 

compressive strength considered for designing. 

The results of these case studies are also 

compared with the column specimen made 

with concrete compressive strength of 42MPa 

as used in the case for the validation of the FE 

analysis (FE Model). Figures 5 and 6 indicate 

the effect of compressive strength of concrete 

on impact force and mid-span displacement. It 

was found that compressive strength of 

concrete does not have any significant 

influence on the impact force as similar 

magnitude of the impact force was observed 

for the case of RC columns made with different 

𝑓𝑐′. It was also found that increasing 𝑓𝑐′ results 
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in decrease in displacement but this decrease becomes insignificant at higher values of 𝑓𝑐′. 

 

Figure 7: Comparison between Impact-Force versus Time-Histories for RC Columns made with Concrete 

Compressive Strength of 20.6 MPa (Case (a)), 42MPa (FE Model), 60MPa (Case (c)) and 80MPa (Case (d)). 

 

Figure 8: Mid-Span Deflection with respect to Time observed for RC Columns made with Concrete 

Compressive Strength of 20.6 MPa (Case (a)), 42MPa (FE Model), 60MPa (Case (c)) and 80MPa (Case(d)). 
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4.3.Influence of Velocity  

In order to study the influence of the impacting 

velocity on the impact of the RC columns, two 

velocities as shown below were considered; (a) 

320 mm/s and (b) 1280 mm/s. 

These velocities correspond to the half and 

double of the FE model velocity used above in 

the validation of the FE analysis. Figures 7 and 

8 show the comparison of impact force time 

histories and mid-span displacement exhibited 

by RC columns subjected to different impact 

velocities. It can be seen that velocity of the 

impactor has significant influence on the 

impact force and the exhibited deflection. It 

was also observed that when considering the 

velocity as twice of the velocity used in the 

experimental setup [7] the magnitude of the 

impact force become twice, whereas, when 

velocity was considered half of that used in the  

experimental setup [7] approximately half of 

the impact force was observed when compared 

with the magnitude of the impacting force 

observed with the impact test velocity. Based 

on above, it can be concluded that direct linear 

relationship was observed between the impact 

velocity and the magnitude of the impact force. 

It was also observed that an inverse relation is 

observed between the velocity of the impactor 

and the deflection exhibited by the RC column 

at the point of impact. 

 

Figure 9: Comparison between Impact-Force versus Time-Histories for RC Columns subjected to Impact 

Velocities of 320mm/s (Case (a)), 740mm/s (FE Model), and 1280MPa (Case (c)). 
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Figure 10: Mid-Span Deflection with respect to Time for for RC columns subjected to impact Velocities of 

320mm/s (Case (a)), 740mm/s (FE Model), and 1280MPa (Case (c)). 

 

4.4. Influence of Stirrups Spacing  

In order to investigate the influence of stirrup 

spacing on impact behaviour of the RC 

columns two case studies were carried out: 

(a) Increasing the stirrup spacing to double of 

that used in the experimental setup (i.e. 80 mm) 

(b) Decreasing the stirrup spacing to half of 

that used in the experimental setup (i.e. 20 mm) 

 

The results of these case studies are also 

compared with the column specimen having 

stirrups spaced at 40 mm as used in the case for 

the validation of the FE analysis (FE Model). 

Figures 9 and 10 show the comparison between 

impact force and displacement-time histories 

respectively for RC columns having stirrup 

spacing at 80 mm (case (a)), 20 mm(case(b)) 

and 40 mm (FE model). It was observed the 

stirrup spacing does not significantly influence 

the impact force time histories, however, 

displacement time histories were found to be 

significantly influenced.  It was also observed 

that with the decrease in the spacing of the 

stirrups the amount of the damage caused at the 

mid-span also decreased significantly. 
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Figure 11: Comparison between Impact-Force versus Time-Histories for RC Columns having Stirrup Spacing 

at 80 mm (Case (a)), 20 mm (Case (b)) and 40 mm (FE Model). 

 

Figure 12: Mid-Span Deflection with respect to Time observed for RC Columns subjected to Impact Velocities 

of 320mm/s (Case (a)), 740mm/s (FE Model), and 1280MPa (Case (c)). 
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5. VEHICULAR COLLISION ON 

A PIER OF RC BRIDGE 

AASHTO-LRFD [10] recommends an 

equivalent static force (ESF) of 2668 kN acting 

at a height of 1.5m from the ground level to be 

considered while designing bridge piers in 

order to consider the vehicular collision, 

however, the behaviour of such elements 

significantly differ under dynamic conditions. 

Therefore, in this study in order to investigate 

the vehicular collision on a pier of RC bridge, a 

non-linear FE analysis was conducted using 

ABAQUS [8]. For this purpose, pier having 

height of 5.1m supporting girder loads which is 

considered as an axial load of 9227 kN acting 

on the pier is modelled. The Pier is reinforced 

with sixty-three 32mm-dia longitudinal bars till 

a height of 4 m from the bottom and forty-two 

bars for the remaining height. Figure 11 shows 

the pier cross section and reinforcement details. 

In the FE model, concrete compressive strength 

is assumed to be 27.5 MPa, whereas, the yield 

strength of reinforcing steel bar is assumed to 

be 410 MPa for both longitudinal bars and 

stirrups. 

Figure 12 shows the FE model used for 

investigating the vehicular collision on pier. 

The vehicle model is taken from the sample 

models present in the ABAQUS  [8]. Vehicle 

model consists of more than 200,000 elements 

and is designed especially for collision 

modeling. The vehicle falls in the category of 

passenger car having an approximate gross 

vehicle weight rating (GVWR) of 7000 lbs 

according to the federal highway authority 

(FHWA) [11] USA classification. In FE model 

, the vehicle is collided with pier at a height of 

1.275m from the bottom with a vehicle velocity 

of 120 mph. 

Figure 13 shows the displacement-time history 

of the pier at the collision point. It was 

observed that no significant deformation takes 

place in the as peak deformation 0.28 mm was 

exhibited. Figure 14 shows the FE model used 

for vehicular collision on pier and Figure 15 

shows the displacement-time history of the pier 

at the point of collision. Figure 16 shows the 

profile of deformation of the FE Modelled 

collision of the car with the pier at the time of 

the collision, while Figure 17 shows the profile 

of deformation along the pier height. As can be 

seen that due to the collision of the vehicle the 

behaviour of the pier can be classified into two 

types; the local behaviour in which the 

deformation occur at the point of the contact of 

the collision and the global behaviour in which 

the deformation occur along its full height. 
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Figure 13: Peir’s Cross-Section and Reinforcement Details. 

 

Figure 14: FE Model used for Vehicular Collision on Pier. 
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Figure 15: Displacement-Time History of the Pier at the Point of Collision. 

 

 

Figure 16: Deformation Profile of the FE Model at the Time of the Collision. 
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Figure 17: Deformation Profile along Pier Height. 

6. CONCLUSIONS 

A detailed numerical investigation have been 

carried out which initially used the 

experimental data of published study of RC 

columns under impact to validate the Finite 

Element (FE) models, which is then extended 

to study the number of parameters which may 

influence the impact behaviour of the RC 

columns. Following this a typical RC pier full 

scale model has been used to investigate the 

vehicular collision. Based on the scale RC 

column FE model and the parametric studies 

conducted, following conclusions were drawn. 

 Impact force is mainly the function of 

velocity of the impacting object, as a 

direct relationship was observed. 

 Percentage of steel significantly 

influence the impact force and 

compressive strength of concrete and 

stirrup spacing was found to have no 

significant influence on the impact 

force. 

Based on the FE model investigating the full 

scale model of RC pier under high speed car 

collision, it was found that no significant 

damage was exhibited by pier. Due to the 

collision of the vehicle the behaviour of the 

pier can be classified into two types; the local 

behaviour in which the deformation occur at 

the point of the contact of the collision and the 

global behaviour in which the deformation 

occur along its full height. 
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المركبات لتصادم المسلحه الجسورالخرسانيه وأرصفة لأعمدة الصدم سلوك  

 الملخص:

 المسلحة الخرسانية الهياكل سلوك لفهم الهندسة مجتمع بين الماضية القليلة العقود في متزايد اهتمام هناك كان

 نادرة العابرة الشديدة الديناميكية الأحمال هذه أن من الرغم على. والتأثير الانفجار بسبب الشديدة للأحمال المكشوفة

 للجسور الهيكلية العناصر. والفاجئ الكارثي الهيكل فشل إلى يؤدي أن يمكن تأثيرها فإن الهياكل، معظم حدوث في

 لهذه وجوقة أهمية الأكثر هي أعمدة وأرصفة الجسور فإن ذلك، ومع. العرضية الأحمال لهذه توقيعا الأكثر هي

 البيانات البداية في استخدم الذي مفصل رقمي تحقيق إجراء تم التحقيق هذا في وبالتالي، الحملات، من الأنواع

 العناصر نماذج صحة من التحقق على التأثير بموجب المسلحه الخرسانية عمدهللأ المنشورة للدراسة التجريبية

 الضغط قوة الطولي، للتسليح المئوية النسبة) المعلمات عدد لدراسة ذلك بعد توسيعها تم ثم ومن المحدودة،

 ذلك بعد. المسلحة الخرسانية الأعمدة تأثير سلوك على تؤثر قد والتي( الركاب وتباعد ،الإصطدام سرعة لخرسانة،ل

 التحقيق على بناء. المركبات تصادم في للتحقيق المسلحه الخرسانة أرصفة من نموذجي رصيف نموذج استخدام تم

 فقد ذلك، ومع كبير، بشكل الإصطدام قوة على كبير بشكل تؤثر للتسليح المئوية النسبة أن وجد التفصيلي، العددي

 .الإصطدام قوة على كبير تأثير لها ليس وتباعد الكانات الخرسانة ضغط قوة أن وجد

.الأعمدة الأرصفة، المسلحة، الخرسانة ،هالمحدود صراالعن المركبات، تصادم ،حمل الإصطدام :المفتاحية الكلمات  
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ABSTRACT 

Noise is considered one of the primary pollutions worldwide, which plays a key role in harming human physical 

and rational health. The current study was conducted to evaluate the effect of noise level, font size, and character 

type on the typing performance on computers. The data were obtained by measuring ambient noise at five levels 

of noise: 56, 63, 70, 76, and 82 dba during typing on computers by 20 participants. The noise was measured by a 

noise level meter device. We measured the average typing time and average typing accuracy at each level of 

noise at two different conditions. The first condition is by dividing the typing on computers into three types of 

characters (Times new roman, Arial, Andalus) and the second condition by dividing the font size into four types 

(10, 12, 14, 16). After that, we measured the average typing time with different font sizes at different characters 

type. The findings are discussed thoroughly in the paper, revealing that noise level, character type as well as font 

size are the remarkable conditions amid all controllable aspects that affect the average typing time and accuracy. 

In addition, the results show that the ideal conditions were, 70 dBa Noise level, Times New Romans and 

fourteen font sizes. In conclusion, working at noise level of 70 dBa would greatly optimize the human 

performance represented by a low typing time and high typing accuracy. 

KEYWORDS: Noise Level, Font Type, typing Time, computers, Font Size. 

 

INTRODUCTION 

Noise has been called one of the four primary 

pollutions worldwide, industriously alarming 

human physical and rational health and 

wellness. Noises such as make-up noise, 

passage sound, and workplace noises are 

arbitrarily circulating variables as well as the 

sound pressure scale modifications irregularly. 

The effect of noise has been well-elaborated 

from the sights of working accomplishment, [1, 

2], diseased erection syndrome, [3], human 

health, [4] and feelings, [5]. A significant 

quantity of examination has been carried out on 

the feasible effects of sound on thermal 

sensation and communications in the middle of 

the understanding of noise and temperature. 

 

For the time being, computer usage is 

predominant, while keyboard usage is a 

prominent characteristic of everyday life. 

Keyboard usage has been considered as a 

strong risk variable for carpal subway disorder 

as well as a diversity of various other 

musculoskeletal conditions, inclusive of 

epicondylitis [6]. According to the writing desk 

of Labor Data as well as several various other 

research studies, upper extremity MSD 

(Musculoskeletal Symptoms and Disorders) 

associating with computer keyboard usage is a 
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significant concern in work-related wellness [7, 

8] as a result of its high propagation rate. Given 

that the computer’s keyboard usage can be 

explained by recurring finger motions, those 

conditions may expand from accumulative 

valuables of transitory loads on the tarpaulin 

out of recurring muscular tissue activations. 

Word treatment jobs are a substantial part of 

everyday bureaucracy jobs, which need focus 

and concentration that might drive to cerebral 

stress and fatigue. Given that it is appealing 

mutual in workplaces to focus on the music 

while at the office [9, 10], music might have 

some comfy effect on people in reducing the 

work-related anxiety. Psychophysiological 

anxiety restriction has actually been recognized 

to increase muscle stress in repeated manual 

jobs [11], and if songs with its comfy impact 

can decrease muscular tissue stress it could 

possibly decrease Musculoskeletal Disorder 

(MSD) risk. Till now, there is no studies on the 

direct physical as well as psychological 

influence of music on computer word treatment 

jobs. This research study aims to analyze the 

impacts of music and intellectual tons induction 

on keying productivity, inputting force and also 

EMG (Electromyography) activity extensor 

digestome muscular tissues in word processing 

tasks. 

Noise defilement in operating rooms negatively 

impacts both patient integrity and staff well-

being prospectively predestined noise levels in 

the operating room and establishes a positive 

engagement amidst intraoperative noise levels 

and operative site infections, [12, 13]. 

Intraoperative noise confuses surgery, which 

may have unfavorable impacts on the focus of 

operating room staff, [14,16]. The poor focus 

caused by high levels of noise may affect 

operating room staff's capability to implement 

aseptic techniques, growing the eventuality of 

developing operating site infections. 

Intraoperative noise affects operating room 

staff's dialectics and their capability to execute 

their tasks, [13]. Anesthesiologists' clinical 

thinking execution was poorer in a noisy 

medium than in a peaceful environment, [17]. 

Moreover, intraoperative noise may damage 

efficient communication between operating 

room staff, [14,18,19] and unavailing 

communication is a leading factor contributing 

to inverse events, [20]. Unavailing 

communication not only negatively affects 

patient safety but also causes a raise in stress 

among operating room staff, [21]. 

Moreover, ambient noise in an artificial 

operating room generated a growth in the 

psychological and physiological stress of 

apprentice operators during laparoscopy, [22]. 

Besides the increase in stress, intraoperative 

noise growing the perception of workload and 

fatigue of operating room staff, [23]. 

Previous research has shown that vocals can 

have a negative influence on reproduction 

typing accomplishment, however high-volume 

music can have a positive effect on typing 

speed. The influence of accompanying music 

also seems to vary according to whether the 

entrant is a skillful typist or minimal 

experienced. The results from this work 

obviously shows that various parameters of 

music have different effects [24], and suggests 

that we intensity be able to achievement 

raucous, pragmatic music to improve execution 

when active at a computer. The study shows 

that the conditional reinforcing belongings of 

verbal feedback for accuracy or speed single 

increased accuracy or speed scores of typing 

achievement. Feedback for accuracy alone 

(quality of achievement) had the utmost, 

influence on overall performance raise. 

Therefore, feedback for accuracy appears to be 

the feedback of choice in this specific 

regulation, though utmost changes are 

anticipated if extra achievement administration 

tool are added [25]. Another study by 

Majaranta et al. [26] did not find different 

effects between superintendent and peer 

feedback, but this observation should further be 

scrupulous. Additional studies are 
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indispensable to further examine long-term 

effects of oral feedback unique as well as in 

group with other rendering enhancing tools. 

Such studies showed that the uninteresting task 

of eye typing is facilitated using appropriate 

feedback. The form of feedback impacts both 

employee performance and experience. By 

adding a short heard ‘‘click’’, both the typing 

accuracy and speed   is afflicted [26]. The 

period of the dwell time affects the suitability 

of different types of feedback: Short stay times 

demand short and pure feedback while long 

stay times can be showing extra information. 

Word forecast has been shown to be a 

potentially beneficial tool in supporting 

children with spelling distress to spell more 

carefully, despite the costs related to its use. 

However, the restraint of a person with spelling 

difficulties to word- forecast employment 

varies and is difficult to foresee, [27].  

The main goals of this paper are to understand 

just how individuals are influenced by noise as 

an enhancement to mundane, tedious job-

related computing jobs. By carrying out 

empirical studies in the field, it is hoped that 

this study will certainly cause a far better 

understanding of just how noise impacts 

individuals when functioning and also add to 

the advancement of theories describing why 

noise can transform people's habits. 

EXPERIMENTAL METHODS 

1. Participants 

Twenty male participants with average age 20-

23 years old. The participants, who were in 

decent physical health and condition, have no 

history of hand nor forearm musculoskeletal 

signs. As well, they were able to read and write.  

2. Design and Study  

This descriptive, prospective, cross-sectional 

study was conducted and the data were 

obtained by measuring ambient noise at five 

levels of noise 56, 63, 70, 76 and 82 dBa during 

typing on computers by 20 participants. We 

measured the average typing time and average 

typing accuracy at each level of noise at two 

different conditions. The first condition was by 

dividing the typing on computers into three 

types of characters (Times new roman, Arial, 

Andalus) and the second condition was by 

dividing the font size into four types (10, 12, 

14, 16). After that, we measured the average 

typing time and average typing accuracy with 

different font sizes at different characters types. 

3. Research Instruments 

The dimensions of the adjustable table to fit the 

study was (length 100 cm x breadth 70 cm x 

height 59 ~128 cm), as well as several 20-

laptop computers, which were placed on the 

tables, were used.  In addition, and to simulate 

the office workstation, adjustable office chairs 

with armrests were used. The participants 

adjusted the height of the chair’s seat according 

to their desire, following by the adjustment of 

the table height to relax and upright the upper 

body posture in order to feel comfortable when 

using the laptop keyboard. The noise was 

measured by a noise level meter device. 

Stopwatch with Countdown Timer was used to 

determine the typing time for each student. 

4. Experimental procedure 

This descriptive, prospective, cross-sectional 

study was conducted and the data were 

obtained by measuring ambient noise at five 

levels of noise during typing on computers by 

20 participants.  
Participants were provided first with a student 

worksheet, and then performed a word 

processing task by typing a paragraph contain 

70 words. Then, the time of typing full 

paragraphs was monitoring using a stopwatch 

for each participant. In the end, the average 

time of typing was computed from twenty 

participants. 

5. Design of experiments 

The experiences were designed to compute the 

following:  5 (level noise) * 3 (character type) * 

4 (font size) within the subject design. The 

subsequent tables show the aggregate number 

of experiments considering the diverse 

conditions. 
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Table 1 Aggregate Number of Experiments with Diverse Conditions 

Noise,5 experiment Characters type,15 experiment Font size,20 experiment 

56 dBa Times new roman Arial Andalus 10 12 14 16 

63 dBa Times new roman Arial Andalus 10 12 14 16 

70 dBa Times new roman Arial Andalus 10 12 14 16 

76 dBa Times new roman Arial Andalus 10 12 14 16 

82 dBa Times new roman Arial Andalus 10 12 14 16 
 

Table 2 Number of Experiments of Characters Type and Font Size at Noise Level 1, 65 dBa. 

Noise, 56 dBa 

Characters type Font size,12 experiment 

Times new roman 10 12 14 16 

Arial 10 12 14 16 

Andalus 10 12 14 16 
 

Table 3 Number of Experiments of Characters Type and Font Size at Noise Level 2, 63 dBa. 

Noise, 63 dBa 

Characters type Font size,12 experiment 

Times new roman 10 12 14 16 

Arial 10 12 14 16 

Andalus 10 12 14 16 
 

Table 4 Number of Experiments of Characters Type and Font Size at Noise Level 3, 70 dBa. 

Noise, 70 dba 

Characters type Font size,12 experiment 

Times new roman 10 12 14 16 

Arial 10 12 14 16 

Andalus 10 12 14 16 
 

Table 5 Number of Experiments of Characters Type and Font Size at Noise Level 4, 76 dBa. 

Noise, 76 dba 

Characters type Font size,12 experiment 

Times new 

roman 

10 12 14 16 

Arial 10 12 14 16 

Andalus 10 12 14 16 
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Table 6 Number of Experiments of Characters Type and Font Size at Noise Level 5, 82 dBa. 

Noise, 82dba 

Characters type Font size,12 experiment 

Times new 

roman 

10 12 14 16 

Arial 10 12 14 16 

Andalus 10 12 14 16 

 
6. Test Conditions 

Windows 7 was installed by students for typing 

on computers. After students finished typing 

the task, the data were recorded for the task 

time and typing accuracy. The task contains 

seventy words. Screen resolution was 720*1280 

at the same zoom level of 100%. The tests were 

done at room temperature. 

7. Data Analysis 

The software used for data analysis is Minitab. 

The analysis of variance (ANOVA) and 

analysis of mean (ANOM) were applied to the 

collected data. 

 

 

RESULTS AND DISCUSSIONS 

Figures 1 and 2 show that the average typing 

time and average typing accuracy were affected 

by noise level under parameters of times new 

roman, character type and fourteen font size. In 

Fig. 1. The noise  level shows remarkable effect 

on decreasing typing time, it can be 

investigated that, avarge typing time shows the 

minimum value at noise level 70 dba then 

increases. The lowest typing time was observed 

at 70 dba noise level. In Fig. 2. The hights 

accuracy was noticed at 70 dBa noise level 

followed by 82 dBa. These results matched the 

results of noise  level with average typing time. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1 Effect of noise level on average 

typing time 

Fig. 2 Effect of noise level on average 

typing accuracy 
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Figure 3 and figure 4 display the main 

consequence of font size on average typing 

time and average typing accuracy under 

conditions of 70 dBa noise level and fourteen 

font sizes for times new roman character type. 

In Figure 3, it can be observed that the average 

typing time declines with rising font size up to 

fourteen font sizes, then slightly increases for 

sixteen font sizes. The lowest average time was 

observed at 14 font size. The average typing 

accuracy was shown in Figure 4. The highest 

accuracy is perceived at fourteen font size. 

These results may indicate that the 

recommended font size for such conditions is 

fourteen points. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

Figures 5 and 6 display the consequence of 

character type on average typing time and 

average typing accuracy under conditions of 70 

dBa noise level and fourteen font sizes. In 

Figure 5, it can be shown that the lowest 

average typing time at times new roman 

character type then at Arial followed by 

Andalus. The average typing accuracy was 

shown in Figure 4. The highest accuracy is 

noticed at times new roman font type. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 Effect of font size on average typing 

time at 70 dBa and times new roman font type 

Fig. 4 Effect of font size on average typing 

accuracy at 70 dBa and times new roman font 

type 
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Figures 7and 8 show the effect of noise level as well as font type on average typing time and average 

typing accuracy at fourteen font sizes. In figure 7, it can be shown that the typing time declines until 70 

dBa then increases for all character types and the lowest average typing time was at 70 dBa for times 

new roman font type. The average typing accuracy was shown in Figure 8, the highest accuracy 

observed for times new roman font type was at 70 dBa, the highest accuracy observed for Arial font 

type was at 56 dBa and the highest accuracy shown for Andulus font type was at 82 dBa. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 Effect of font type on average typing 

time at 70 dBa and 14 font size 

Fig. 6 Effect of font type on average typing 

accuracy at 70 dBa and 14 font size 

Fig. 7 Effect of noise level and font type on 

average typing time at 14 font size 

Fig. 8 Effect of noise level and font type on 

average typing accuracy at 14 font size 
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Figures 9 and 10 show the main consequence of 

noise level as well as font size on average 

typing time and average typing accuracy for 

times new roman character type. In figure 9, it 

can be observed that the average typing time 

decreases until 70 dBa then increases for all 

font sizes and the lowest average typing time 

was at 70 dBa for fourteen font sizes. The 

average typing accuracy was shown in Fig. 10, 

the highest accuracy shown for times new 

roman font type was at 70 dBa and fourteen 

font sizes then at 56 dBa and sixteen font sizes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figures 11 and 12 show the effect of noise level 

and font size on average typing time and 

average typing accuracy for Arial font type. In 

figure 11, 

 

 

 

 

 

 

 

 

 

 

 

it can be observed that the average typing time 

declines gradually while noise level increases 

for all font sizes and the lowest typing time was 

at 82 dBa for twelve font sizes. The typing 

accuracy was shown in Figure 12, the highest 

accuracy investigated for Arial font type was at 

56 dBa and font size sixteen then fourteen then, 

twelve and ten font sizes for the same noise 

level. 

 

 

 

 

 

 

 

Fig. 9 Effect of noise level and font size on 

average typing time for times new roman 
Fig. 10 Effect of noise level and font size on 

average typing accuracy for times new roman 
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Figures 13 and 14 demonstrate the primary 

consequence of noise level and font size on 

average typing time and average typing 

accuracy for Andalus font type. In figure 13, it 

can be seen that the average typing time 

declines until 70 dBa then rises for all font sizes 

and the lowest average typing time was at 70 

dBa for sixteen font size. The average typing 

accuracy was shown in Figure 14, the highest 

accuracy perceived for Andalus font type was 

at 70 dBa, and font size ten then at 56 dBa and 

font size twelve. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

Fig. 11 Effect of noise level and font size on 

average typing time for Arial font type 
Fig. 12 Effect of noise level and font size on 

average typing c for Arial font type 

 

Fig. 13 Effect of noise level and font size on 

average typing time for Andalus font type 

 

Fig. 14 Effect of noise level and font size on 

average typing accuracy for Andalus font type 
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To estimate the significance of each control  factor’s effect on the response factor, ANOVA 

was used, The conditions description were 

shown in table 7. 

Table 7 Conditions Description: 

A B C 

Noise Level Character Type Font Size 

LEVEL 1 56 dBa LEVEL 1 Times New Romans LEVE

L 1 
10 

LEVEL 2 63 dBa LEVEL 2 Arial LEVE

L 2 
12 

LEVEL 3 70 dBa LEVEL 3 Andalus LEVE

L 3 
14 

 

According to S/N Ratio, the ideal conditions 

observed at noise level 3, level 1 in character 

type and level 3 in font size, this parameters are 

70 dBa Noise level and Times New Romans 

and 14 Font size. According to the standard 

deviation the ideal conditions shown at noise 

level 2, level 3 in character type and level 1 in 

font size, these parameters are 63 dBa Noise 

level, Andalus and 10 Font size. According to 

the means the ideal conditions were  at noise 

level 2, level 2 in character type and level 2 in 

font size, these parameters are 63 dBa Noise 

level, Arial and 12 Font size. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 14 Main Effects Plot for SN Ratios Fig. 15 Main Effects Plot for Standard Deviation 
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Response Table for S/N Ratios, Smaller is 

the best. 

The response table displays the most affecting 

conditions’ effect on typing time. The response 

table for the S/N ratio investigated the noise 

level is the most affecting conditions then the 

character type followed by the font size. The 

response table for the means displays the same 

detected at the S/N ratio. The response table for 

standard deviation displayed that the font size is 

the most affecting condition followed by the 

character type and the noise level, tables 8 to 

10. 

 

Table 8 Response Table for S/N ratio. 

Level Noise level 
Character 

type 
Font size 

1 -44.19 -44.91 -44.03 

2 -43.63 -43.8 -44.01 

3 -45.11 -44.22 -44.88 

Delta 1.47 1.11 0.87 

Rank 1 2 3 

 

 

Fig. 16 Main Effects Plot for Means 
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Table 9  Response Table for Means 

Level Noise level 
Character 

type 
Font size 

1 154.9 170.5 154 

2 146.7 149.5 153.3 

3 175.6 157.3 169.9 

Delta 28.9 21 16.7 

Rank 1 2 3 

 

Table 10  Response Table for Standard Deviations 

Level Noise level Character 

type 
Font size 

1 53.03 59.19 44.52 

2 44.33 46.04 45.51 

3 53.25 45.37 60.58 

Delta 8.92 13.82 16.06 

Rank 3 2 1 

 

The (ANOVA), (ANOM), the standard deviation of the investigated collected data, and S/N ratio were 

done. The minimum value that carried to identify the remarkable variables and to quantify their effects 

on the response characteristics was the best, show tables 11 to 13.  

Table 11 Analysis of Variance S/N ratio (ANOVA) 

Source DF Adj SS 
Adj 

MS 
F-Value P-Value 

Noise level 2 3.313 1.6563 1.42 0.0414 

Character type 2 1.888 0.9441 0.81 0.0553 

Font size 2 1.483 0.7413 0.63 0.0612 

Error 2 2.336 1.1682 
  

Total 8 9.02 
   

 

Table 12  (ANOM) 

Source DF Adj SS Adj MS F-Value P-Value 

Noise level 2 155.3 77.66 1 0.05 

Character type 2 364.4 182.22 2.34 0.0299 

Font size 2 485.9 242.96 3.12 0.0242 

Error 2 155.5 77.77 
  

Total 8 1161.2 
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Table 13  (ANOVA) 

Source DF Adj SS 
Adj 

MS 

F-

Value 

P-

Value 

Noise level 2 1329.3 664.7 1.42 0.413 

Character type 2 676.1 338 0.72 0.581 

Font size 2 532.2 266.1 0.57 0.638 

Error 2 936.3 468.2 
  

Total 8 3473.9 
    

Residual plots are mainly utilized for checking issues related to normality, variance randomization, and 

outliers.  
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CONCLUSION 
Although previous studies have investigated the 

impact of noise on individuals'' typing 

performance, they have not considered various 

relevant conditions. Hence, this study evaluated 

human performance (typing time and accuracy) 

at different combinations of conditions. Several 

key points are summarized as follows: 

 Purpose: The research was conducted to 

evaluate the effect of noise level, font size, 

and character type on the typing 

performance on computers.  

 Design: Descriptive and cross-sectional 

study. 

 Methods: The data were obtained by 

measuring ambient noise at five levels of 

noise: 56, 63, 70, 76, and 82 dBa during 

typing on computers by 20 participants. The 

noise was measured by a noise level meter 

device. We measured the average typing 

time and average typing accuracy at each 

level of noise at two different conditions. 

The first condition is by dividing the typing 

on computers into three types of characters 

(Times new roman, Arial, Andalus) and the 

second condition by dividing the font size 

into four types (10, 12, 14, 16). After that, 

we measured the average typing time with 

different font sizes at different characters 

type. 

 Findings: Noise level, character type as well 
as font size are the remarkable conditions amid 
all controllable aspects that affect the average 
typing time. In addition, the results show that 
the ideal conditions were, 70 dBa Noise level, 
Times New Romans and fourteen font sizes. 

 Conclusions: Working at noise level of 70 

dBa would greatly optimize the human 

performance represented by a low typing 

time and high typing accuracy.   
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مبيوترستوى أداء الكتابة على أجهزة الكمستوى الضوضاء و حجم الخط و نوع الخط على م تأثير  

مستور 1عبدالحليم سامي، 2أمير علي، 2عبدالإله علي، 1ماجد موسى، 1عبدالرحمن خمج، 1

 أبوشائقه

السعوديةقسم الهندسة الصناعية، كلية الهندسة، جامعة جازان، جازان، المملكة العربية  1 

 2قسم هندسة الإنتاج و التصميم الميكانيكي، كلية الهندسة، جامعة المنيا، جمهورية مصر العربية

 

 الملخص
تم الضوضاء تعتبر من المصادر الرئيسية للتلوث حول العالم، حيث أنها تلعب دورا بارزا في الأذية الجسدية للبشر. 

أجهزة إجراء هذا البحث من أجل تقييم مستوى الضوضاء، حجم الخط، نوع الخط على الأداء أثناء الكتابة على 

،76، 70، 63، 56مستويات:  5الكومبيوتر. تم الحصول على البيانات من خلال قياس مستوى الضوضاء عند   

بيوتر. تم قياس مستوى الضوضاء من خلال مارك لمهمة الكتابة على أجهزة الكمش 20و ذلك من خلال أداء  82و  

جهاز خاص بقياس مستوى الضوضاء. لقد قمنا بقياس متوسط وقت الكتابة و متوسط دقة الكتابة عند كل من 

النتائج تنٌاقش بعمق في هذه الورقة العلمية، موضحة مستوى الضوضاء المستويات الخمسة في سياقين مختلفين. 

دقة و وقت هي أهم الظروف و الخصائص التي تؤثر على زيادة او نقصان  مناسبينو حجم و نوع الخط ال المقبول

، نوع الخط: تايمز نيو رومان، 70مبيوتر. النتائج أوضحت أيضا أن )الضوضاء عند مستوى الكتابة على أجهزة الك

 بشكل ملخص، عند التعرضهي أفضل ظروف مجتمعة لأفضل دقة و أقل وقت كتابة.  14و حجم الخط: (

  مبيوتر.توى لأداء الكتابة على أجهزة الكيعتبر أفضل مس 70للضوضاء أثناء العمل، فإن مستوى ضوضاء يقدر ب 
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ABSTRACT 

The aim of present review is to investigate the impact of quality control charts on enlightening 

the quality of higher education and the effectiveness of education and learning. A systematized 

literature search was accomplished from numerous sources viz., PubMed, MEDLINE, CINAHL, and 

EMBASE to identify relevant studies published from 1998 to 2019. Based on the search methodology 

it was tried to reveal the factors that influence the quality control chart's enlightenment on the quality of 

higher education. In addition, it tries to emphasize how statistical control charts can help teachers 

improve the quality of education and the effectiveness of supervision in practice. Therefore, all quality 

control challenges have been addressed so that appropriate actions and adjustments can be coordinated. 

Thus, quality control enhances thorough quality oversight in higher education and stimulates the 

professional growth and development of teachers and students. It can be concluded that, if researchers 

use control charts as SPC methods to improve Saudi Arabian higher education institutions (educational 

outcomes, non-curriculum skills, success/failure rates, mental stress, etc.), it will be beneficial. 

Therefore, statistical control charts are a tool for moving problems in right direction. This is a 

recognized and consistent way to find its place, particularly in quality control of higher education 

systems 

 

Key Words: Control Charts, Higher Education, Statistical Quality Control, Academic Progress. 
 

 

1 INTRODUCTION 

Higher education (HE), also referred to 

tertiary education, comprising private and public 

institutions that help promote growth, reduce 

poverty and promote shared prosperity. A skilled 

workforce with a concrete knowledge is 

essential for invention and development. Well-

educated workforces are more likely to be hired, 

receive better salaries, and cope better with 

financial shocks. Higher education graduates 

behave better and make higher levels of public     

contribution. In short, HE institutions not only 

provide the right and proper work skills, but also 

prepare individuals to become active members 

of the community and society. Reforms of 

existing higher education institutions can be 

facilitated through deliberate collaboration by 

governments, the corporate sector, civil society 

and academia. This could help reinvent the HE 
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system for quality delivery in research, 

education and community services. Higher 

education institutions need to set up internal 

quality assurance and quality control techniques 

to enhance quality delivery.  

Traditionally, a variety of quality 

"quantitative" tools (such as control charts) have 

been applied primarily in industrial products. In 

addition, the use of control charts for quality 

evaluation has been gradually introduced into 

the service sector since the last few decades. 

However, quality of service has been associated 

with increased profitability, creating a 

significant competitive benefit for service 

businesses by creating repetitive sales and 

greater market share, confirming consumer 

retention and positive reviews [1]. Therefore, 

service suppliers should always stick to quality 

measurements so that they can establish ways to 

improve quality. Among the many types of 

existing services, present study focuses on 

education, more precisely higher education 

(HE). 

However, in some situations, it has been 

found that due to educational system policies 

and strict regulations, it also plays a role that can 

lead to increased levels of stress by students. 

Some sources include overcrowded lecture 

rooms, semester grade evaluation systems, 

insufficient resources and equipment [2], huge 

syllabuses [3] lengthy hours, and expectations 

for memorization [4]. In addition, parents and 

institutes are relentlessly instilling fear of failure 

that affects their self-esteem and self-confidence. 

Therefore, the purpose of this review is 

to investigate the impact of quality control charts 

on improving the quality of higher education and 

the effectiveness of education and learning. It 

was also attempted to emphasize how teachers 

improved internships in the quality of education 

and the effectiveness of supervision. 

1.1 STATISTICAL PROCESS 

CONTROL 

Walter Shewhart introduced the concept 

of statistical process control (SPC) to improve 

industrial production. SPC is an online quality 

control system that can be defined as a 

philosophy, policy, and method for improving 

systems, results, and processes. SPC is based on 

the theory of variability, the general and special 

causes of variability. This includes the theory of 

process thinking, data learning, analytical 

research, experiments, measurement, and 

methods of data gathering reported by Ning et 

al. [5]. The most widely used charts in SPC are 

run charts, average charts, range charts, 

histograms, Pareto charts, and so on. It should be 

noted that while SPC and statistical quality 

control are frequently used reciprocally, the 

latter is used to define a broader management 

approach towards quality management. 

1.2 DESIGN OF A CONTROL CHART 
 

Control charts are mainly graphs derived 

from the normal distribution curve. There are 

two categories of control charts, variable charts 

and attribute charts, depending on the nature of 

data. The data is placed in subgroups to establish 

a set of interpretations that indicate stable and 

controlled behavior for the process. For 

example, you can select interpretations of group 

reaction times that can involve subgroups on a 

regular basis throughout the day and plot them 

as a single point on the control chart. The 

attribute chart is used to predict the number of 

defective products. One defective unit can have 

several defects. Control charts can be 

categorized into X & S charts, X & R charts, p 
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charts, np charts, and more. For more 

information on creating and using control charts, 

see Kaminsky et al. [6] and Amin [7]. Thor et al. 

[8] discussed variables used in medical 

observations, their benefits, and the obstacles 

related with the use of control charts. Laney [9] 

and Mohammed & Laney [10] have proposed 

used of control charts for attributes with very 

large sample sizes (thousands or millions). 

Prajapati [11] have proposed a modified X-chart 

for autocorrelation observations. Depending on 

the suitability of the chart; it can be used in 

certain situations. 

In addition to the charts above, there are 

additional charts used for the quality control 

such as CUSUM (Cumulative Sum Chart) and 

EWMA (Exponentially Weighted Moving 

Average Chart). However, these charts fall into 

the category of variable control charts. These 

control charts are highlighted because the above 

control charts are not sufficiently sensitive to 

process measurements. For more information on 

creating and using CUSUM and EWMA charts, 

see Woodall [12]. Pillet et al. [13] states that 

multivariate charts are used when monitoring 

multiple variables. 

2 METHODOLOGY 

Extensive research is done to find 

articles related to the use of control charts in 

various service departments. A systematized 

literature search was accomplished from 

numerous sources viz., PubMed, MEDLINE, 

CINAHL, and EMBASE to identify relevant 

studies published from 1998 to 2019. Based on 

the search methodology it was tried to reveal the 

factors that influence the quality control chart's 

enlightenment on the quality of higher 

education. The search keywords are "SPC", 

"control chart", "application", "and control chart 

application in higher education", and "SPC to 

promote student progress". The search excluded 

unpublished work from the master's and doctoral 

dissertations because these studies are likely to 

appear. 

3 RESULTS AND DISCUSSION 

Many countries have embarked on a 

major reformation of their higher education 

systems, increasing their scope and 

effectiveness. However, the progress is uneven. 

Many countries around the globe need to 

confirm that national policies prioritize fair 

access, better-quality learning, competent 

retention, and augmented assurance of success 

for all the students, regardless of background. 

Both the policy and the degree programs need to 

be better tailored to the needs of the local 

economy. Only then can the government achieve 

improved achievement in high education, 

turning its success into increasing and sustaining 

economic and social development. Thus, quality 

control enhances thorough quality oversight in 

higher education and stimulates the professional 

growth and development of teachers and 

students.  

In one study Braimah and Abdulsalam 

[14] monitored the training / learning process at 

a college in Kwara, Nigeria, and to confirm that 

whether teacher services to students meet the 

university's academic standards. This goal is 

achieved by monitoring student failure rates 

after the end of an academic session. They used 

the P-chart to observe the rate of failure (process 

average shift). Based on their findings, they 

encouraged management to take action on the 

part of teachers and students to stay in control of 

the process (reduce failure rates). In addition, 

Taiwo and Olufemi [15], investigated the 
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performance process in higher education in 

Nigeria using Ibadan's polytechnic as a case 

study to see if institutions, students and teachers 

meet the academic standards set. The P-chart 

reveals that the failure rate is out of statistical 

control. However, they found that some of the 

content of these courses was a school certificate 

syllabus that students must have done in 

secondary school, but nevertheless the failure 

rate of some courses is high. This indicates that 

student performance is not encouraged in some 

of the courses offered, which can be caused by a 

range of reasons. In another study, Okwonu and 

Ogini [16] investigated student performance 

based on two semester exam scores. They 

reported that student performance fluctuated due 

to common or assignable causes. Positive 

fluctuations improve the student's overall 

performance, and negative fluctuations 

adversely affect the overall performance. 

In another study, Braimah and 

Abdulsalam [14] use the P-Charts in the Quality 

Control of Students Performance in Tertiary 

Educational Since P-chart detected shift in the 

process (teaching/learning), it can be used to 

monitor failure rate in schools (Colleges and 

Tertiary Institutions). Conclusively, the 

teaching/learning process is said to be out of 

statistical control since some of the plotted 

points fall outside the upper control limit (UCL), 

meaning that the failure rate of courses 

corresponding to these points above the UCL are 

not conforming to the failure level of 

conformance by the college. 

In another study, Braimah and 

Abdulsalam [1] used P-graphs in the quality 

control of student performance in higher 

education. Since P-graphs detect changes in the 

process (teaching/learning), it can be used to 

monitor school failure rates. (College and 

colleges and universities). Finally, the 

teaching/learning process is considered to be out 

of statistical control because some of the plotted 

points exceed the upper control limit (UCL), 

which means that the failure rate of the courses 

corresponding to these points is higher than the 

UCL non-conformity level of the college. 

Hanna et al. [17] present a different 

approach to identify educational issues in 

retention, progression, and graduation. They use 

the SPC to analyze changes related to a student's 

academic performance and enable the supervisor 

to perform root cause analysis and take 

corrective action. In addition, they emphasize 

that in the current academic environment, the 

evaluation process guarantees learning, and that 

the SPC also provides a means of monitoring the 

relationship between quality of education (i.e., 

learning outcomes) and academic progress. 

Therefore, the main goal of SPC is to discover 

the occurrence of special causes in time, so as to 

investigate the process and take corrective 

measures. Focusing on higher education 

teaching issues, control chart can be used to 

monitor the performance of different faculty 

members over time. It is certainly feasible to 

compare the performance of several faculty 

members at a specific moment (such as a 

semester) at the same time [18].  

In addition, Sivena and Nikolaidis [18] 

elaborate on statistical frameworks based on 

SPC technology and tools, such as those 

extensively used in some application control 

charts. In addition, by scientifically determining 

the limits of the suggested control chart, 

decision makers can not only identify 
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unproductive faculty members, but also decrease 

the adverse reactions evoked by the recognized 

members. In addition, for HE institutions around 

the world that have not been evaluated by 

questionnaires, they actually improve 

monitoring and, as a result, improve the quality 

of university courses, as well as educational 

ability and performance. 

The academic stress due to academics 

has become an unescapable problem worldwide 

in different cultures and ethnicities. The 

academic stress prevalence cannot be a stream-

specific condition, and high-stress levels have 

been reported among engineering and medical 

students, which emphasizes necessary medical 

intervention [19]. In a study Reddy et al. [20] 

showed that academic stress remains a 

catastrophic problem affecting students' mental 

health and well-being. In addition, techniques 

such as biofeedback, yoga, life skills training, 

mindfulness, meditation, and psychotherapy 

have been found to be effective in reducing 

student stress. Therefore, the basic knowledge 

provided by learning and development science, 

coupled with decades of educational research 

insights, provide a framework to support the 

welfare of children in various environments 

[21]. Some sources include overcrowded lecture 

rooms, semester grade evaluation systems, 

insufficient resources and equipment [2], huge 

syllabuses [3] lengthy hours, and expectations 

for memorization [4]. If students do not take 

appropriate exams according to the standards, 

their teachers may be lazy, corrupt and 

incompetent, and the exams set are far below the 

standards [22]. Therefore, external examinations 

are a way to ensure that all written examinations 

meet the standards. For example, if the failing 

rate of a course in an academic institution is too 

high, the management of the institution can take 

action. In another study, Cervetti et al. [23] 

recommended that the PCC should be clearly 

displayed on the wall of the classroom so that 

students and teachers can easily see it. Teachers 

should encourage students to master class 

progress and point out the goals of each exam. 

This should encourage teamwork and 

cooperation with teachers in the class, thereby 

creating a more conducive classroom 

environment. Therefore, the use of statistical 

control tools can help management meet the 

standards of educational quality. 

4 RECOMMENDATIONS 

Based on our review results, the 

following suggestions can be made. Control 

charts can often be used to identify courses that 

students seem to have a problem with them. 

Instead of complaining about high failure rates 

and uncontrollable problems, university 

administrators and teachers should focus on 

what they can control. In addition, reforms of 

existing higher education institutions can be 

facilitated through deliberate collaboration by 

governments, the corporate sector, civil society 

and academia. This could help reinvent the HE 

system in Saudi Arabia for quality delivery in 

research, education and community services. 

Staff must be available through the provision of 

improved service, basic infrastructure, virtual 

libraries, communication technology, and 

internet connectivity. Higher education 

institutions need to set up internal quality 

assurance and lecture unit monitoring to enhance 

quality delivery. To improve quality, teachers 

and non-teachers should be motivated to make 

them more devoted and effective in their work. 

Therefore, if researchers use control charts as 

SPC methods in order to improve Saudi Arabian 

higher education institutions (educational 
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outcomes, non-curriculum skills, success/failure 

rates, mental stress, etc.), it would be beneficial. 

5 CONCLUSION 

 

Higher education principally aims at 

developing the mental capacity and the character 

of the individual to lead a productive life in 

society. It is worth mentioning here that the 

future of countries greatly relies on quality 

education. Among many useful techniques, 

statistical control charts are seen as a practical 

tool for efficient problem-solving. This method 

is widely known, and, at the same time, reliable 

to be applied in the social sciences field, 

particularly in the educational systems’ quality 

control. 
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مراجعة الأدبيات -تطبيقات مخططات التحكم في التعليم العالي   
 

 عبدالإله بن ممدوح محمد علي

كلية الهندسة-الصناعيةقسم الهندسة   

 جامعة جازان

 المملكة العربية السعودية

 

 الملخص

تعليم الإحصائية على تطوير جودة الالتحكم تم إجراء مراجعة للأدبيات لفحص تأثير مخططات في هذه البحث،     

العالي ، بالإضافة إلى تعزيز فعالية التعليم والتعلم. تهدف هذه الدراسة أيضًا إلى التأكيد على كيفية قيام المعلمين 

بتحسين التدريب الداخلي في جودة التعليم وفعالية الإشراف لتنمية وتحسين العلاقات بين المشرف والمعلم لتحقيق 

الغاية ، تمت معالجة جميع تحديات مراقبة الجودة بحيث يمكن تنسيق الإجراءات  تعليم وتعلم أكثر كفاءة. تحقيقا لهذه

المهني والتعديلات المناسبة. يمكن تعزيز مراقبة الجودة من خلال مراقبة الجودة في التعليم العالي لتحفيز النمو 

وتطوير المعلمين ، وكذلك الطلاب على حد سواء. لتحسين جودة التعليم في مؤسسات التعليم العالي ، يمكن 

للمشرفين المعاد تدريبهم بالتأكيد توفير التسهيلات المناسبة للمعلمين. يمكنهم أيضًا النظر في مواقف المعلمين تجاه 

نظر إلى مخططات التحكم الإحصائي على أنها أداة مفيدة لحل التعليم والتحرير الإحصائي المناسب. لذلك ، ي  

المشكلات بكفاءة. هذه الطريقة معروفة على نطاق واسع. كما أنها موثوقة عند تطبيقها في مجال العلوم الاجتماعية ، 

 وخاصة في مراقبة جودة الأنظمة التعليمية.

 

 التقدم الأكاديمي اقبة الجودة الإحصائية ،مر، العالي التعليم، مخططات التحكم: الكلمات المفتاحية
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 تشريحية –التكيف البيئي في بعض حشائش الكثبان الرملية: دراسة مورفولوجية 

 وفاء بنت حمد بن احمد مقبول

 نجامعة جازا -كلية العلوم

 
 الملخص 

يباممسنرركيباعبئةرركيبايررع  اكيلررتيبابة ررم ي ب تعتبرربيئة رركيبان بررمليبابلسةرركيبايررموسةكيبرر ي  رر  ي ررب ي

اسبارم ييبلإ هم ب يبابة ةكيباعدادةيبامتم سكيب يشدةيبلإشعمعيباشمي يوباحببرةيباعماةكيوباجفمفيوباتعبضيباميتمب

فيةرونظربب ياقسركيبادربترم يباتر يت موار يتنةي.وباغمبيئمابلمل.يباقسةليلتيبلأن بعيبا بمتةكيلرتيايرتعمبيهراليبابة رم 

وباتشرباحةكيبادقةقركيىسرليباميرت عيباعرمام يىملرك يوبر ييئة ركيبان برمليبابلسةركيلرتيبا ر بو يبام رب ا  ةركيوتأقسم

ي2021-2020يخرلليىرمل يهرمإ ببءترمييي بادربتركيباترخمصك يكمن يبنبةيهالييكبايع  اباعبئةكييئة م يباممسنك

ا بمتررم يبان بررمليوباتشررباحةكيبادقةقرركيباج بنررايبام رب ا  ةرركيباتبكةبةرركيباتنةفةرركييإاقررمءيباءرر ءيىسررليئعرر يئهرردف

لرتييوباتر يتعتبربيبةهرموبام تشربةيىسرلينطرمايوبتر يب يبام طقكييبلأن بعيبايمئدةهاليبابلسةكيبامختمرة؛يولتيأئبزي

وبات يتمتسكيباعداديلرتيباخارمئايبامظهباركيوباتشرباحةكيوبافيرة ا  ةكيباتر يهة هرمي يىر ييباحشمئشيبامعمبة 

 Panicumوهرر يكررليلررتيبا مررم ي؛ييوبلانتشررمر يوامقمولرركيواررأةيباظرربوفيبايررمئدةيبرر يئة تهررمو ررلياهررمياستنررم بي

turgidumيوباش كميي Odyssea mucronataيوبايّعديي Cyperus conglomeratusي.ي

خامئايبامظهباك.يبلتسكيبايعديأكببيتمكيالأوربايئرةتيب يبايتبما م يوبضحم يأظهب ينتمئجيهاليبادربتكي

 يوهابيادليىسليوجمي بخس يأكببياتخ اتيباممءيلقمرنكيئيطحيخمر  يأقلياسب مءيباء ئ .يباشر كميبلأن بعيبا ل ك

ي وبا مم ي وييتمكيأقليلتيبايرعديلمرمياع ر يليرموكيأكبربياسب رمءيباءر ئ يلقمرنركيئحجرمي بخسر يأقرلياحفر يبامرمء

تُرمكيبةمرمياخراي بضركياس رتح.وبلأورباي ب يباتفمفيا  ب يب يأوقم يباجفمف؛يلممياقسليلتيليموكيبلأتطحيبامع

باطبقكيباحداكيب يت ايبلأن بعيبا ل كيأظهبيتبما ميئةتيبلأن بع يوةثيكمن يباطبقكيباحداكيأتمكيب يت ايباش كمي

تظهبيبلأنر بعيبا ل ركيتن ا رم يوبضرحم يو ياسةهيبايعدي ميبا مم .يزام ةيتمكيباطبقكيباحداكيتقسليلتيبا تحيوبقديباممء.ي

ي اورهم.ييىسلRhizosheathالأ سفكيبابلسةكي

اظُهبيباتبكةايباتشباح يالأوربايب يبلأن بعيبا ل كيأنممارم يلتشرمئهك يوةرثيتتبكرايبلأوربايلرتيابقركي

لفب ةيلتيباخلاميتؤافيكل يلتيبايطحيباعس ييوبايفس  يتحابيبةمميئة هميبا يةجيبا تط يباايياءميخلامي مدي

يbulliform cellsاميبايرطحيباعسر ييتتءرخّميلن نركيخلارميوبكةركيباح لكيبامحةطكيئماح  يبا ىمئةك.يئع يخل

 ب ي دريرقةقكيىم ةيوقدرةيىماةكيىسليبلاننممشيوباتمرد  يلمرميايربايبنطبرماي رمنب يترطحيبا رقركيباعسر ييى ردي

يchlorenchymaخلامي مديباح لكي)بات يتتأافيلتيابقتةتيلرتيباخلارميباتم ةسةركييباجفمفيوتمد ليى ديبلالتلء.

تحةطيئنليو لكيوىمئةك(يت  ديب يأوربايبلأنر بعيبا ل رك.يهراليباخلارميتؤارّفينمرطيباتبكةرايباتشرباح يباميرملي

ب يباب مءيباء ئ يبااييام لييC4 يوه ي لااكيىسليبلتلكيهاليبا بمتم ياميمريkranz anatomyئتشباحيكببن ي

 Odysseaا ولرم يبر يكرليلرتيباشر كميتنةفرم ياسب رمءيباءر ئ يلر يظربوفينقرايبامرمءيوباحرببرة.يباير ايوباب

mucronataوبا مم ييPanicum turgidumتظهبينمطرم يلتشرمئهميامةر يبار مطيبامعربوفيبر يتر ايباحشرمئش يي

بااييتن ليبةهيباح  يبا ىمئةكيلبع بةيضمتيبا يةجيبلأتمت  يوب ي اكيتع ا يا قليبامرمءيباممرتايىبربيباجراوري

م (يأظهبيتمايبايّرعديتبكةبرم يلمةر ب يئ  ر  يخلارمي مرديباح لركي)تشرباحيئفعماةك.يوئخلفيبا  ىةتي)باش كميوبا م

(يوهرر يصررفكيتشررباحةكي ةرربيلأا برركياسيررما يواعسهررميخمصررةكيتعرر زيلررتيبعماةرركيباب ررمءيkranz anatomyكببنرر ي

يباء ئ يايمايبايعد.

باخامئايباتبكةبةكيوباتنةفةكيبامتشمئهكيى رديتشرمئهيباظربوفيبابة ةركيبر ينفرقيبام قر  يوئااكياتءحيبلي

باتبكةررايباتشررباح ياسجرراوريكررمليلتشررمئهميي.ئفعماةرركاعرر زيلررتيبلتاررمءيبامررمءيونقسررهيالأ رر بءيباخءررباكييوبارراي

 رديتشرمئهيباظربوفي يوهرابيإشرمرةيإارليباخارمئايباتبكةبةركيوباتنةفةركيبامتشرمئهكيىإ مملايب يكرليبلأنر بعيبا ل رك
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بابة ةكيب ينفقيبام ق  يوهابيبا مطي)ئت زا يو لهيبا ىمئةكيو لينخمعيلبك ي(ياع زيلتيبلتامءيباممءيونقسهي

يالأ  بءيباخءباكيئفعماةك.

باخامئايبامظهباكيوباتشباحةكياهراليبا بمترم يتيرمهميئشرنليأتمتر يو ر هبييبر يبترتعممرهميابة رم ي

ع زيلتيبنتشرمرهميوتنم بهرميبر يتسركيبابة رم يباتر يتقرليبةهرميبلأنر بعيبلأخربعيلرتيبان بمليبابلسةكيب يبام طقك يوت

با بمتررم .يوباترر يتيررمهميبرر ي هرر  يبامحمبظرركيىسررليهرراليبلأنرر بعيو ةبهررميلررتيلن نررم يباحةررمةيبا بمتةرركيبافطباررك ي

يوبلاتتغلليبلأل ليام بر هم.

 Odyssea يوباشر كمييPanicum turgidumيبابلسةرك يبا مرم بان برمليي وشرمئش الكماا  المتتاحياة: 

mucronataيوبايّعديي Cyperus conglomeratus. 

 

 مقدمة  1.1

يئمام ماقي يبااحمري يتعبف يىم   ئشنل

يوقسكي يوباجفمف  يبامةمل يئ قا يتتمة  يبات  باقموسك

ي بخلي يتق  يبلاوتط يباشبا ي ول يلعظم يإل با بمتم .

با طمايبااحببوييشبكيباقموليوباجمفي)باة نين  ي

هاليبام ماقيئمؤشبيباجفمفي)بااييي(.يوتتمة 1979

يولت تطي يباي  ي يبلالطمر يهط ل يئةت يبا يبك ام ل

ي يئةت ياتببو  يبااي يباي  ي( يوي0,03≤باتبخب

يت  د(Yossef & Mearz 2013)ي0,20≥ ي.

بااحمرييىببيك كب ميىسليا ليهملشةتيلت بزاةتي

يخطيىبضي يى د يبلاتت بء يب يي25-35اخط  ر ك

يوباج  ئ . يباشمما  يبانبة يبا موةكييناف ولت

باطبةعةك يامنتيتعبافيبااحمرييىسليأنهميل ماقي

يخامئاي ياهم يبا بمتم  يهال يلتفبقك  ينبمتم   ب 

يب يبابة م  يب  يبامعةشك يلت يتمن هم اقمتةكيلعة ك

يبااحمرييي.ولقمولكيظبوبهميبويتحمسهم تغط 

%يلتيليموكيتطحيبلأرضيب يباعمام.ي35و با ي

ابيبا طماي%يلتيتنمليباعماميب يه20واقةميو با ي

يب ي يه  يباقموسك يبام طقك يهال يل ق  يبل باجغببب .

بامقم يبلأولينتةجكياسءغطيباعما يشبكيبادبئميبامهةمتي

يل ل:ي يبخبع ي  بنا يبال يإضمبك يبام طقك يهال ىسل

يبابا ئك ي يىتيلام ر يوبابعد يبامطب  تأ ةبب يظل

ي) يبابام  يوبتجمل ي(.Tchakerian, 2015وابةعك

يبانببعي يبااحمري ينطمقم يولت يبات يتءم باقموسك

يب ي يبانببع يبااحببء يبابلسةك يبان بمل يلت كبةبة

إبباقةم يوصحببءيبابئ يباخما يب يباممسنكيباعبئةكي

بايع  اك يوبلأخةبةيتم ليأكببيتجم يلتالياسن بملي

يضمتي يئمرز يلعسم يوه  يبلأرض  يىسل بابلسةك

اميتنتيشبكيباج ابةيي.تءمراقيشبهيباج ابةيباعبئةك

يقم يباممضةكيباعبئةك يبام مخم  ياعب  يبقد ي بئمم   وسك

يباة  . ينببل يبااي يبامشهد يتشنةل يب  يبتمتةم  ي ورب 

يتشنةلي يب  يوباتعباك يباتج اك يىمسةم  تمىد 

يباعبئةك ي يباج ابة ياشبك يباجة ل رب ا  ةك بلأنمما

ي يباتب  يهال يابةعك يتختسف يتبئهم. ئإختلفيوأن بع

ن عيبااخ ر يواعتمدين عيبااخ ريىسليلجم ىكي

يئة كيل يتشمل يبات  يباجة ا  ةك يباع بلل يلت ت  ىك

يبا لتي يىبب يبام مخةك يباتغةبب  يآ مر باتبتةا 

يلالي ينظبب  يبلأخبع. يباجة ا  ةك وباعمسةم 

يتن اتي يىسل يكبةب يتأ ةب ياهم يبلاتمتةك باتءمراق

يبهمي يبإل يبا بم ؛ يلجتم  يتن ات يوئماتما  باتبئك

يبااخباكي يالأن بع يباجغببب  يوبات زا  باتمراخ

ياوبا يات زا يجة ل رب ا  ةك يأبءل يبهم يبال ؤ ي

ي.با بم 

يبا طماي يضمت يإلم يبابلسةك يبان بمل ت  د

يب ي يباتحنم يواتم ي)باقمري(  يبادبخس  يأو بايموس 

يبابة م ي يب  يوبايموسةك يبادبخسةك يبابلسةك بان بمل

بااحببواكيلتيخلليباعمسةم يبانةممئةكيوبافة امئةكي

يبا هبا يوباعمسةم  يبابام   يوبكك يوبابحباك يل ل: ك

يوببرةي يو ر ك يبامطب  يوهط ل يباج اك  وباع بلل

يباحبةبم يب ييباه بء. يبلاختلبم يب يوجم وتيتخد 

يشمئ ي يئشنل يوبايموسةك يبااحببواك يبابلسةك بان بمل

 .افهميآاةم يبا قليوباتبتةاي

يبايع  اكيباممسنكيباعبئةكاختسفيبام مخيب ي

يبادبخسةكي يوبام ماق يباي بول يئةت يكبةببَ َ بختلبم

ي يباي بول)باقمراكّ(. يباليئيتتمةّ  يباعماةك مابا ئك

ي يبلاك ب يباحببرة ي ر م  يوةتييبىتدبلا   منا ب 

يئماجفمفيو ر م يباحببرةي يبادبخسةك يبام ماق تتمة 

ولعظميهالي ي((Osman, et al., 2014يباقا ع

يبامبتفعم ي يئمتت  مء يقموسك يصحببء يه  بام ماق

يوبام مخي يباغ ابة يبلالطمر ي ب  يباغبئةك باج  ئةك

ي.بامعتدليبااييادىميباحةمةيبا بمتةك

كيب يةئماعمسةم يباطبةعيت شأهاليباتغةبب ييإليلعظم

يبلأنشطكي ينتمج يه  يبلاخبع يباتغةبب  يبل وةت

يي. بابشباك يبال يبائما ظب يبان بمل يب يئة م  بلسةك
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تشغليليموم يشمتعكيضمتيظبوفييباممسنكيوبات 

يوباحببرة ي يباجفمف يإ هم  يلت يبا اأة يشدادة ئة ةك

يبلأقالي يباحد يتم ل يباجمبك يبابة م  يهال ول ل

اسظبوفيبابة ةكيوضغ اهميىسليبانمئتيباح  يول ي

يتنةف ي يبات  يئع يبلأن بع يبابة م  يهال يتءم  اك

يتن يآاةم  يضمت يوبابقمء  يبامعةشك يىُبفيىسل ةف

يئعءهميولايا بليبان ةبيئمنتظمريبادربتكيوبابحث.ي

كبة كيبان بملي-اتحمليبا بم يبابة م يباقموسكي

ى يو ليئماعداديلتيباتنةفم يبات يوبملي يي-بابلسةك

يباعمتةك(ي يباظبوفي)كمابام  يلت يباعداد يأل يل  ئهم 

 ,Bradley)تتحدعيبتتمببريبا بم يب يهاليبابة م ي

et al., (2019.يتأقسم يي يبابلسةك يبان بمل ونبمتم 

يىسلي يبانبةبة يىتياباقيقدربتهم يب يئة تهم اسمعةشك

يباليبام بر ي يئملإضمبك با م يضمتيروبتايبابلمل

يباعماةكي يإاليقدرتهم يإضمبك يبابلسةك. ياسم بئل باء ةسك

يلتيت ببيباممء؛ي ىسليبلإنبم يضمتيبتبب يقاةبة

ي) يل يئة تهم يام لي  ءيهم يب يتنةفهم  ,Daninلمم

ي.(2012

يبان بملييفي منطقة جازان يتواجد نطما

يىسل يلتقط  يشباط يئشنل ل بزِييبلتدب يبابلسةك

يوضمتياسشباط يلتييبايموس . يبا طما هاب

يئع ييئة ك يتعةش يبابلسةك بان بمل

يبابة ك يأهمهم:يياهاليباممة ةيبلأن بع

 Odyssea)يباش كم

mucronata)يوبا مّم ي(Panicumturgidum)باي

ي يبا جةسةكاابل يبافاةسك  يPoaceaeياتبعمل

ياتب يي(Cyperus conglomeratus)يوبايعد بااي

ي يبايعداك. ليبو ي)يCyperaceaeبافاةسك

يي(.2012  يىمسةم  يتسعا يبا طما يهاب تآكليوب 

ي يبان بملبابام  يئة ك يب  يهملم  يبءل يي ورب  بابلسةك 

 ةبيبام ظمياسم بر يباطبةعةكيلتيقبلييبلاتتغلليىت

يب يبلأتبم بلإنيمل يلت ياعتبب اتده رييبابئةيةكيااي

ييباعداديلتيأن بعيبا ظميبابة ةك.

يتنةفم ي يت موا  يبات  يبادربتم  ياقسك ونظبب 

يبابلسةك يبان بمل يئة ك يبا  بو ييوتأقسم لت

 Morphologyبام رب ا  ةكيوباتشباحةكيبادقةقكي

and Anatomy)يىملك ي)ي يباعمام  يباميت ع ىسل

يباعبئةك يباممسنك يئة م  ييوب  خمصك يبايع  اك

ي.هاليبادربتكيوهدفيبنبةيكمن 

ي

ي

  :الهدف من البحث 2.  1

ي يهال يتهدف يئع يبابتماك ي ربتك بال

يبام رب ا  ةك يبات يي-يباج بنا يباتنةفةك باتشباحةك

يبان بملي يئة ك يب  يبايمئدة يبا لث يبلأن بع يئهم تتأقسم

بابلسةكيبايموسةكيب يل طقكي مزبليل يظبوفيئة تهمي

ي ي)با مم  يباش كميPanicum turgidumباجمبك  

Odyssea mucronataي يوبايعد  Cyperus 

conglomeratusواتءمتيبلأهدبفيبافبىةك( ي: 

ابة كيبان بمليبابلسةكيباخامئايباطبةعةكي -

 ضمتينطمايبادربتك.

بلأن بعيبامبببقكيالأن بعيبام ل ي ربتتهمي -

 ب يئة تهم.

يبام رب اج ي - يباشنل يو ربتك تحسةل

اسمجم عيباخءبييلتيوةثيباخامئاي

باشنسةكيونيبكيليموكيبايطحيإاليباحجم ي

 وىلقكي اكيئملإ هم يباحببرييوباجفمب .

يب ي - يباجاور يتفبع يوىمق ينمط  ربتك

يبام رب ا  ةكي يوخامئاهم باتبئك 

 وباتشباحةك.

ياسمجم عي - يباتشباح  يباتبكةا  ربتك

يباب مءي يئنفمءة يوىلقته باخءبي 

 .ييباء ئ  يولقمولكيبلإ هم يباممئ 

ي

 العمل:  قطرمواد و .2

 الموقع والجيومورفولوجيا   1. 2

تقرر يل طقرركي ررمزبليبرر يبارربكتيباج رر ئ يباغبئرر ي

خطرر يىرربضييلررتيباممسنرركيباعبئةرركيبايررع  اكيئررةت

ي41◦)ياررر ليوخطرر يشررمملا  (ي17◦ي46ي-22ي16◦)

بةرليببترمل.يأرخي اركيبر يئمم.يشبقم ي(ي09◦ي43-ي33

ياسم طقررركباعداررردةييكباجة لبب ا  ةرررتشرررمليبايرررمم ي

باجرررر ريوباحرررر ب يبايررررموس ياج رررر  يشرررربايبابحرررربي

بلأومب يتهليتموس يوبتر ينيربةم  يلر اتيصرخبيي

ي2621بنتقررما يوتسيررسكي بررمليااررليبرتفمىهررميباررلي

 ,.Al-Turki, et alلترربب يبرر ايتررطحيبابحررب.ي)

وضمتيباح ب يبايموس يامنرتيتمةةر ي ل ركيي(.2019

أنممايلرتيبابة رم ي)إضرمبكيإارليخرطيباشرما ءينفيرهي

ولرررمياؤوارررهيلرررتيئة رررم يبامرررمنجبوفيبررر يبام رررماقي

ي:بامحمةكيلتيبلأ بيبامبمشبياسمد(

يي.1 يئمعدل يوبت  يتموس  يب يي40تهل ييييييييييكسم

يبلإرتمئم ي يلت يلعظمه يب  ياتن ل باعبض

يبابلسةكيباطمةةك.
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وقبماكيبايموليامتديشباطيلتيبايبمخياتأافيي.2

لتيتبتبم يباطم يوباطةتيل يلحت عيىمليلتي

بلألل يبا متجكيىتيبرتفمعيل ي  يباممءي

يولعدلّيباتبخبيباعما .يwater tableبلأرض ي

يبي.3 يت  ديوئمحم بة يبايبمخ يلت يباشبق  اج ء

يلتي يلتقطّعك يليموم  يبام بض  يئع  ب 

ي) يبايموسةك يبابلسةك ( ي2012ي ليبو بان بمل

ي) يباشنل يبايطحي1-2وا ضح يلظمهب )

يباجة ل رب ا  ةكيبا لثياسم ماقي.

 

 
الثلاث للمناطق )تتصل بينها  (: جزء من منطقة جازان يوضح مظاهر السطح الجيومورفولوجية1-2شكل )

 بتكرّم من هيئة المساحة الجيولوجية( -Nasa Landsatالنقاط السوداء( )صورة الأقمار الصناعية 

2  .

 : الغطاء النباتي السائد لموقع الدراسة 2

يلتيبان بمليبابلسةكي ل طقكيبادربتكيتم لي  ء 

بايموسةك يوت تم يلتيبا موةكيباجغبببةكيبا بمتةكيإالي

ي فمبةكي ينبمتم  يتءم يبات  يباي  بنةك بلأربض 

xerophytes)يشة ىم ي يباحةمة يبشنمل يأك ب يوه   )

ي) يبام طقك يهال  .,el-demerdash, et alب 

ي(.ي1994

اباررررقيتقرررر يل طقرررركيبادربترررركيىسررررليبلترررردب ي

 ررررمزبليبامدا رررركيباارررر مىةكيوتررررميبختةررررمريبام قرررر ي

يE–ي47.0'03◦17"يNئملإورررررررررردب ةم يباتماةررررررررررك:ي)

(.يوضرررررررمتيهرررررررابيبا طرررررررمايلرررررررتي30.5'37◦42"

بان بررمليبابلسةرركيت مرر يئعرر يبا بمتررم يباجفمبةرركيبرر ي

 يئماممء.تبئكيقسةسكيبلاوتفمظي
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يالكثبان الرملية الساحلية.(: يوضح منطقة الدراسة )علامة النجمة( في نطاق 2 -2)شكل  

2  .3 

 قياس أبعاد الأوراق والسوق:

يوتمكي يبلأوربا  يوىبض يتمك يلت يكل يقةمس تم

يcaliperباي ايباحملسكيالأوربا يئ بتطكيباميممكي

ي يباليmm)ئمامسم يبايطح يليموك ينيبك يتقداب (.تم

ب يكلييsurface to volume ratio (S/V)باحجمي

يباتماةك يئماعلقم  يوباي ا يبلأوربا  لت

(Mauseth,2000):يي

يباحجمي - يإال يبايطح يليموك نيبك

(S/V ratioيب يبلأوربا) 

S/V ratio of cladodes and 

flat leaves is = 2/T 

ي(.mmتمكيبا رقكي)لسمييTوةثي

يب ي - يباحجم يإال يبايطح يليموك نيبك

يباي اي)بتط بنةكيباشنل(ي

 S/V ratio of cylindrical stems isيييييي

= 2/r 

ي ي)لسمييrوةث يبايما يقطب ناف

mm.)ي

يباحداك يباطبقك يتقداب الأورباي  Boundary layerتم

يباتماةكي) يئمامعم اك ي)باخ صةك( Nobel,2005 ;باعم اك

.,2010et al Yatesي(:يييييي

w/v √= 4 (mm) 
bl

δي ي

ي ييwوةث ي)ئمامتب يبا رقك يmىبض  )vتبىكيي

يبابام يبايمئدةي) /ث(.ي

ياسي ايبلاتط بنةكي يباحداّك يتقدابيباطبقك ب يوةتيتم

 :(Nobel,2005ئمامعم اكيباتماةكي)

d/v √= 5.8  (mm) 
bl

δيي

ي ييdوةث ي)ئمامتب يبلاتط بنةك يبايما يmتمك  )vي

تبىكيبابام يبايمئدةي) /ث( يوقديتميبىتبمريتبىكي

ي يبام ضعةك يبابة ك يضمت يبايمئدة اسم بض يبابام 

يبلأو بلي يب  يباجمبك يبابة م  يب  ياس بمتم  بامنش بك

ي(3-2)شنل(.Masrahi,2020a /ثي)ي1باعم اكي=ي
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 قياس بعض الأبعاد في الأجزاء الخضرية للنباتا  المدروسة (3 .2)شكل 

دراسة سطح الورقة بالمجهر الإلكتروني  4.  2

)المورفولوجيا الدقيقة لسطحي  SEMالماسح 

 micromorphology of leafالورقة 

surfaces:) 

يبايطحةتيييييييي يلت يانل يبا رقك يلت وضع يأ  بء

يباخمصكي يب يباقمىدة يتجفةفهم  يئعد )باعس ييوبايفس (

يلتي يرقةقك يئطبقك يباتغسةف يوتم يباعة م   ئفحا

بااها يوبحا يئمامجهبيبلاانتبون يباممتحيضمتي

 ,JSM-6380 LA-JEOLباحجةبةيىماةكيباتفباغي)

Japanيبتتخد يبامجهبيبلاانتبون يباممتحيادربتكي.)

يباش كمي يوه  يبقط  يوبود ين ع يب  يبا رقك تطح 

يخامئام ييلأنهيو اك؛ يأظهب يبااي يبا وةد با  ع

ي.متي ل كيبلأن بعئمرزةيب يتطح يبا رقكيض

 :قطاعا  المجهر الضوئي 5.  2

يبا بمتم يييييييييي يأ  بء يانل يادواك يقطمىم  ىُمسَ 

ي ي)أوربا يي–بامدروتك  اور(يي–را ولم يي–ت ا

ي يب  يوُفظ  يىة م  يلت يإا ةس  ي70و اك %يكح ل

يباابغيئمتتخدب يصبغكي يوتم ياعة م يامز ك  إضمبك

ي(.Foster,1965بلأومبيبامتعم لي)

 :تحليل البيانا  6.  2

ي يئبنملج يئإتتخدب  يبابةمنم  يلعماجك (يExcel(تم 

ي يباحيمئ  يبامت تط يويم  يتم يوبلانحببفوةث

يبختبمر يبتتخدب  يل  يقةمك يانل (ي(T-testبامعةمري

 اسنشفيىتيو   يأييببوقم يلع  اك.

 النتائج:.  3

يبةهي يتي   يبادربتك يل طقك يب  يبا بمت  باغطمء

يبا مم  وابببقهيي  turgidum Panicumلجتمعم 

وبلاربكيي Odyssea mucronata باش كم

L. persica Salvadoraيي Cyperus وبايعد

conglomeratusي يوباعشب   Calotropis

proceraيوي يلتفبقك  يشجةبب  يهة ك إرْوبيىسل

Aerva javanica يوي  Dipterygiumىَسْقَم

glaucumي مر يووَا    Indigofera

oblongifoliaي تمك يي-أ يت احي يويKohautia 

caespitosaي.(1.يي3شنلي)ي
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 - Cام تويح تاكوي  -Bالاراك  -A فيها النباتا  التالية الغطاء النباتي في منطقة الدراسة تسود( 1.  3شكل )

 عُشار-عُشر-F عَلْقاَ -Eإرْوا  -Dحصار 

 :الوصف المظهري للنباتا  المدروسة 1. 3

  الثمام  1.  1. 3

يب ي يبانبةبة يبلأ  مس يأود يه  يبا مم    ق

ي يوه ينبمتم يلعمبة يبا جةسةك. تمتمزيئمايةقمليباعمئسك

يب ي يتال يباقمىدة  يب  يىم ة يبامتخشبك بااسبك

ي يلت يشباط  ي1.5-1برتفمىهم يبا رقك ينال . 

يبةهمي يوبايُ ةبل  يلبكبك  يى ق  اك يت بسةك وبا  رة

يباج قيب ي يهاب يأن بع يت تشب يبابةء . يباشنل تأخا

يوب ي يباا لمل  يشممل يب  يبابلسةك  بااحمري

ن ىم  يي470باج ابةيباعبئةك يواءميباج قيو با ي

يوباجمبكي يوبامعتداك  يبلاتت بئةك يبام ماق يب  ت تشب

(Hedberg & Edwards.1995يهابي ياتم ل .)

يبن بع ي يئيبعك يبايع  اك يباعبئةك باج قيب يباممسنك

ي) ياسحة بل يه يىسفي ةد يلم باج ادييش  رييول هم

نبم ييP. turgidum forssk(.ينبم يبا مم ي2013 

ق ييلُعمبيشداديباتفبع يبا  رةيلتيبا  عيباع ق  ي ي

وب يبلاوةمليت بسةك ي مابميلميتمتديئشنليابب يىسلي

يلتي يأقاب يتن ل يلم يىم ة يبايفسةك يباق مئم  بلاببع 

بايُ ةبسكيوان هميتختسفيب يشنسهميلتيلجب يوبشفكي

صغةبةيباليق مئكي ةدةيباتن اتيوتتيموعيب يباط لي

يب يبايُ ةبسك  يا ليل  ينفق يب  يتن ل يباعسةم اق مئك

يوأوةمنم يي.يبايُ ةبسك يظهبي يئشنل يت  د باي ةبل 

يبالي يليتدقك يباي ةبل  يقمك يلءغ اك   منبةك

يباشباط ي يئماشنل ياتمة  يبلاوربا ينال  بئباك 

ي) ي ويHedberg & Edwards.1995بامستف  ي .)

لجم عيخءبييك ةفياحمليتةقمليوأببعيلتشمئنكي

رييئق بىديلتخشبك يو اوريوك ةبة.يبامجم عيباجا

يبلأرضةكي يبابا ولم  يلت يىبضةم  يت شأ يك ةفك اةفةك

ي(.ي2013باج ادي يش  رييو)

ي

 الشوكم   2. 1.  3

ي يلتييOdyssea stapf  ق ين ىةت اءم

يبامعمبة يىمئسكييباحشمئش يبال ا تم 

يش كةك يي  (Poaceae)باحشمئش يأوربا  وي

وا تشبيب يشبايو    يببباقةميو    ي ب يشبكي

يرا ولكي يئ     يباج ق يواتمة  يباعبئةك. باج ابة

يوباتنم بي يبا بم  ياتمد  يوتةسك يتم ل يبرضةك  تح 

ياهمي يبلاوربا يك ةفك. يليتعمبب  يلشنسك باخءبي

شنليل سثيلدئبكيباطبف يلتببكبكيىسليئعءهميئممي

يبلاببع يتتمة  يبايما. يلغطمةيياشبه يئمنهم باخءباك

ي مدي يواتمة  يباحم ة  يباقاةبة يئملأوربا يقمتهم وتل

با رقكيئشنسهيبامتببكا.يبا  رب يب يص رةيرؤوسي

يلتي يوتتن ل يباع ق  اك  يبا  رة يشنل يوتأخا ك ةفك

نبمتم يلُعمبةي باش كميباعداديلتيبايُ ةبل يباقاةبة.

يقمسي يبا رقك ينال يقمتةك. يلتفبىك يئي ا تتمة 

قمكيلدئبك( يبا  رةيئةءةكيإاليكبواك يوش ك ي) وي

ي يلت يب يا اهم يي1.5وتال يوتتأافيلتيي4بال تم

يبامت بومك ي يباع ق  اك يبا  رب  يلت يكبةب ىد 

ا تشبيبا بم ييبزهمر.ي9باليي5وبايُ ةبسكيتتن ليلتي

يبلأومبي ياسبحب يبايموسةك يبابلسةك يبان بمل يبلتدب  ىسل

يباغبئ  يباج  ئ  يوبايمول يوباا لمل يإرتةبام يب 

 ,Masrahiيباعبئةكاسبحبيبلأومبيلتيشبكيباج ابةي

et al., 2012)يييييي(.ي

75



 م (2021نوفمبر  -هـ  1443) ربيع الثاني   2العدد  9المجلد                                                      التطبيقية علومللمجلة جامعة جازان 

  

 
 السّعد  3.  1. 3

ي يوأكببيCyperus Lبايعد يأئبز يأود يه  .

ي يبايعداك يبافاةسك ياءميCyperaceaeأ  مس  

ي ب ي يئيةقمل ي مابم  يتن ل يئماحشمئش يشبةهك أىشمئم 

يبوي ي مداك يق بىد يل  يل سثيوبوربايشباطةك لقط 

يتح ي يتةقمل يئ     يتتمة  يظمهبة  ي ةب أوربا

يهالي يتةقمل ي رنم   يت تج يبابا ولم  برضةك 

يىم يبا  رب ياببةك يشنليبا بمتم يقمئمك  يتأخا يلم  ة

يلتي يكبةب يىد  يلت يتتن ل يباخةمةك  يشبه با  رب 

بايُ ةبل يلبتبكيب يت مئليك ةفكيبويب يلجم ىم .ي

يباق مئم يوبات يتشبهي يئ     يتن ليلتمة ة يلم وىم ة

يبايُ ةبسكي يتأخايباس ليباب  يبامُحمب. بلاوربايىم ةيلم

ىم ةيلميتن ليلءغ اكياببةكيئةءةك يقديتاليب ي

ي650زهبة.ياءمي  قيبايعدينح يي50ىد هميبالي

ي) يباعمام يو ل يت تشب  Edwards, etن ىم  

al.,1997ي يبايّعد  Cyperus(.نبم 

conglomeratusيباشبةهكيي يبامعمبة  يبا بمتم  لت

يبابةء ي يباشنل يتأخا يئ ةدقك يبا مبة ئماحشمئش 

بامقس  .يبا  رب يب يص رةيرؤوسياببةكيتتن لي

باليي3ىد هميلتيلتيلجم ىكيلتيبايُ ةبل يتالي

ييتُ ةبسك ي50 يشباطةك  تميي25ي–ي5وبلأوربا

يلسم يىدادةيوت شأيلتيقمىدةيبا بم .ي2وئعبضينح ي

تم( يي50ي–ي30 ي)ىم ةي1قديتاليت قهيلارتفمعي

ي يلت يي0.1وئيمك يبايعديي0.4بال ياتمة  تم.

يلتفبىكي يباقاةبة.وباجاور يباخشبةك ئمابا ولم 

يبالي يتتغسي0.5االيتمنهم يلم فيئغلفيلسميوىم ة

ا  ديبايعديب يباتبئكيبابلسةكي.يتمةكيرلم ييباس ل

يباطمةةك.ي يبو يباطة ةك يباتبئك يب  يا  د يلم ونم رب

(Edwards, et al., 1997.)ي

الأوراق  سااااااطح ومساااااااحة ساااااام  2 .3

 والسوق:

تبرررماتيترررمكي ي(يي1.ي3) ررردولياتءرررحيلرررتي

بلأوربايوةثيكمليبكببهميبايرعدي رميباشر كم ياسةهمرمي

برررربوايلع  ارررركيئررررةتيبلأنرررر بعيبا مررررم  يلرررر يو رررر  ي

(p<0.05.)وئما يرررربكيايررررمكيبايررررما يكررررمليتررررمايي

باشرررر كميأك بهررررميتررررمنم  ياسةررررهيبايررررعدي ررررميبا مررررم ي

(p<0.05).ي

تبماتينيبكيليرموكي ي(يي1.ي3) دوليا ضحي

بايررطحياسحجررميلأوربايبلأنرر بعيبا ل ررك؛يوةررثيكررملي

يبا مم يامسكيأكببهميليموكينيبكياسحجم ياسةرهيباشر كم

 ررميبايررعد يلرر يو رر  يبرربوايلع  ارركيئررةتيبلأنرر بعي

(p<0.05.)ي

تبرررماتينيررربكيليرررموكيلررر يللوظررركيو ررر  ي

بايررطحياسحجررميايرر ايبلأنرر بعيبا ل ررك؛يوةررثيكررملي

با مم يامسكيأكببهميليرموكينيربكياسحجرم ياسةرهيبايرعدي

 ررميباشرر كم يلرر يو رر  يبرربوايلع  ارركيئررةتيبلأنرر بعي

(p<0.05)ي.(ي1.ي3) دوليي

تبماتيتمكيباطبقكيتكيت ضحينتمئجيهاليبادرب

باحدارركياررلأوربايئررةتيبلأنرر بع يوةررثيكمنرر يباطبقرركي

باحداكيأك ربيترممككيبر يبا مرم  يتسةهرميأوربايباشر كمي

 ررررميبايررررعد يلرررر يو رررر  يبرررربايلع رررر ييئررررةتيباقررررةمي

(p<0.05ي.)تبماتيكااكيبتشمرب يبا تمئجيباليو   ي

تمكيباطبقكيباحداكياسي ايبلاتط بنةكيئةتيبلأنر بع ي

وةررثيكمنرر يباطبقرركيباحدارركيأك رربيتررممككيبرر يترر اي

باش كم يتسةهميت ايبايعدي ميت ايبا مم  يلر يو ر  ي

ي.(ي1.ي3) دوليي(p<0.05ببايلع  ييئةتيباقةمي)

 Phytogenicالأكََما  الرملية  3.  3

hillocks: 

وباشر كميقردرةيىماةركيأظهبيكليلرتيبا مرم ي ي

برر يوررةتيأظهرربيي ىسررليتنرر اتيأكََمررم يرلسةرركيكبةرربة

بايّرررعديقررردرةيلحررردو ةيىسرررليتنررر اتيأكمرررم يرلسةرررك ي

ي.ي(3-3)شنلييوكمن يصغةبةيب يأوجملهم

 

 :Rhizosheathالأغلتة الرملية  4.  3

أظهررررب ي رررراوريبلأنرررر بعيبا ل رررركيتن ا ررررم ي

-3)شررنليRhizosheathوبضررحم يالأ سفرركيبابلسةرركي

ي.ي(3

ي

ي

ي

ي

ي

ي

ي

ي
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و تقدير نسبة مساحة  قياس كل من سم  وعرض الأوراق، وسم  السوق الحاملة للأوراق(  1. 3)جدول 

 السطح الى الحجم ) مم(

السما  

 المظهرية
 الثمام السعد الشوكم الجزء النباتي

 بايمك
 0.01 ± 0.22 0.06 ± 0.42 0.02 ± 0.27 با رقك

 0.21 ± 1.42 0.32 ± 1.68 0.55 ± 2.92 بايما

 0.38 ±3.6 0.15 ± 1.73 0.39 ± 2.36 با رقك ىبضيبا رقك

ليموكيبايطحي

 اسحجم

 0.55 ±9.23 0.61 ± 7.44 0.76 ± 4.76 با رقك

 0.10 ± 2.81 0.27 ± 1.36 2.40 ± 2.38 بايما

تمكيباطبقكي

 باحداك

 0.24 0.16 0.19 با رقك

 0.22 0.23 0.31 بايما

 

 

 
 الشوكم -السعد ج -الثمام ب-ا الأكََما  الرملية(3-3)شكل     

 
    

 الثمام -ج الشوكم -ب السعد-الرملية ا الاغلتة(4-3)شكل   
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 المورفولوجيا الدقيقة 5.  3

micromorphology    لسطحي الورقة في

 ::Odyssea mucronataالشوكم 

يلتي يلتمة ب  ينمطم  يباعس ي يبا رقك يتطح اظُهب

تحابيبةمميئة هميأخم ادب ييridgesبلأضلعيبابمرزةي

ي ي  بنايgrooves مئبة يبلتدب  يىسل يتتبتا .

ي يش كةك يشعةبب  يب يprickle hairsبلأضلع  

يبلأضلعي يلت يبابمرزة يباعس اك يبلأ  بء يتن ل وةت

يلتي يباعداد يئهم يوت تشب يباشعةبب   يهال يلت خماةك

ي يبايةسةنمتةك ييsilica bodiesبلأ يم  تطحي.ئة مم

ي ياظُهب يبايفس  يئع يبا رقك يل  يلشمئهم  نمطم 

يبضلعي يلت يبايفس  يبايطح ياتأاف بلاختلبم .

ridgesيي يئبوزب يgroovesوأخم اد يأقل يان هم  

ي يباعس ي يبايطح يب  يل ةستهم يلت ي.ونلو و  رب 

باشعةبب يباش كةكيه ميأصغبيب يأا باهم يب يوةتي

يلتشمئهي يبايةسةنمتةك يبلأ يم  يوت زا  يأشنمل ينمط أل

ي.(5-3)شنل

 

 البشرة -العليا بالبشرة -ا( لسطح ورقة نبا  الشوكم SEMصورة بالمجهر الإلكتروني الماسح )(5-3)شكل

 مرة( 230-70الستلى )مكبرة 

الخصائص التشريحية للأنواع   6. 3

 )قطاعا  المجهر الضوئي(المدروسة

يي يب  يبادربتك باقطمىم يو د 

ي يئمامجهب يبامأخ  ة لاورباييباء ئ باتشباحةك

يأويي (أي6-3)ييلشنيباش كم ي)باعس اك يبابشبة .

يتسةهمي يباخلام  يلت يوبودة يابقك يلت يتتأاف بايفسةك(

لجم ىكيلتيو  ياةفةكيك ةفكيإاليبادبخليضمتيكلي

بايطحةت.يهاليباح  يلتيبلأاةمفيت  ديأىسليوأتفلي

يباخلامي يلت ي لف يام ل يبااي يكببن  تشباح

ي مدي ي)خلام يبا ىمئةك يئماح   يتحةط بانس رنشةمةك

يتتأافيلتيابقتةتييباح لك(. ي مديباح لكيه م خلام

يبا يةجي يتم ل يوه  يبانس رنشةمةك  يباخلام لت

با طمقم يباء ئ يب يأوربايبا بم .بلأتمت ياسب مءي

ئةتيلجم ىم يأ مم يباح  يبا ىمئةكيتم ليبلأخم ادي

groovesيأىس يي يئة مم يبايطح   يبام ظب ضمت

يبلاضلعي ينت ءب  يتم ل يبا ىمئةك يباح   أ مم 

ridgesكمميلبيب يبام ظبيبايطح .يونفقيباش ءيي

أوربايينلو يب ييئما يبكياسيطحيبايفس يالأوربا.

با مم يب يبامقط يباعبض يلايتظُهبيبا مطيباتبكةب ي

ي يئبوزب ييgroovesالأخم اد يئمتت  مء وبلأضلع 

يبايطحةتي يكل يضمت يبا ىمئةك يباح   يب ا صغةبة

والُو يه ميأليأوربايي ( ي6-3)يباعس ييوبايفس ي

با مم ي ب يتدىةميأقليئشنليلسح ظيلمميادعيأورباي

يضمتي يكبةب يئشنل يبلأاةمف يتقل يوةث باش كم 

أوربايبايّعديئة مميب ييباتبكةايباتشباح يالأوربا.

 ب يشنليهلا يبليباخلاميبامقط يباعبض ييوضح

يباعس يي يبايطح يو بف يبةهم يتن ل يل سث  يشبه أو

يقسةل ي يلستفك يباج ءييوكأنهم يأل يوةت يب  يبادبخل  إال

بايفس ي ويبنح مءيكبةبيوام ليلعظميباج ءيبامعبّضي

ي.(جي6-3)اسء ء
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يي يباتشباحةكينلو  يباقطمىم  ب 

ي يباء ئ  يئمامجهب وبات يييباش كميايمابامأخ  ة

باغمدياتأافيلتيابقكيئشبةييباا ريبليبةهيأظهب 

ابقم يلتيبلأاةمف ي ميي3-2تحتهمييي تمةنكيلسج  ك

يابقكي يتسةهم يكبةبة  يئببنشةمةك يابقم يلتيخلام ىدة

ياسغمد يبايفسل يب يوي.(بي7-3)بابشبة يبايما اظُهب

يباحشمئش ي يت ا ياتشباح يباشمئ  يبا مط ينفق با مم 

وةثياتأافي بخسةم يلتيباخلاميبابببنشةمةكيبات يتنّ لي

ي يبلأتمت  يبground tissueبا يةج يوت  د اح  ي 

يئنلي يوتحةط يبلأتمت   يبا يةج يب  يلبع بة با ىمئةك

و لكيخلامياةفةك.يإضمبكيإالي اكياظهبيب يبايماي

يبا يةجي يلت يابقم  يو    يب  ياتم ل يلمة  تبكةا

يلبمشبةيChlorenchymaباتم ةس ي) يتح يبابشبة )

يبابشبةيي2-3) يخلام يىمم اك( يل هم يبلأوال ابقم  

ت  ديتحتهميا اةكيب يلظهبهميو ب ي دريتمةنك ي

ئ ظم يلتقط ي)واةقيوسقكيلتاسك(يو  يلتيبلأاةمفي

يلتي يبادبخل يوإال يبامتاسك(  يباتم ةسةك يباطبقك )ب ا

باطبقكيباتم ةسةكيت  ديابقكيلتيبلأاةمفيئ مطيلتالي

يباتشباح ي يباتبكةا يإاجمز يوامنت يلتقط .  ةب

يبا يةجي يلت يابقم  يو    يب  يبا مم  يايما بامتمة 

ينيةجيبتنسبنشةم يباتم ةس يتح يبابشبة ي احُةطيئهم

يولتي يلتقط  يئ ظم  يباخمرج ي)لت يبلأاةمف يلت  بىم

يبا يةجي ياشنل يوةت يب  يلتال(  يئشنل بادبخل

يبا ىمئةكي يوباح   يبابببنشةمةك يباخلام يلت بلأتمت 

ي.( ي7-3)بامبع بةيبةهيلعظميباج ءيبادبخس ياسيما

ينمطم ي يبايعد يب  ياسيما يباتشباح  يباتبكةا اظُهب

ىمميتبقيلتين ى يبافاةسكيبا جةسةك.ييلمة ب ياختسف

بابشبةيه ميتتأافيلتيابقكيوبودةيلتيخلاميصغةبةي

تمةنكيباجدر يتسةهميلجم ىكيلتيو  يبلأاةمفيت  دي

يلتاسكي يابقك ي م يلتال (  ي)واةق يلتقط  ئشنل

يباخلامي يئهم يتحةط يبات  يبا ىمئةك يباح   يلت تقبابم 

ي يكببن  ي)تشباح يباح لك ياغمد  kranzباتم ةسةك

anatomyيبادبخس ي يباتبكةا يئقةك يأل يوةت يب   )

اسيماي)باج ءيبلأكبب(يه يخلاميئببنشةمةكيتت م بيئهمي

و   يخلامي مديباح لكيباممة ةييو  يوىمئةكيقسةسك.

يب ي يببادة يتشباحةك يب يبايمايصفك اتشباحيكببن 

ي.(جي7-3)تمايبايّعد

يباجاوري يوبا مم يتظُهب يا بم يباش كم

باتبكةايباتشباح يبا مط ياجاوريباحشمئش يوةثي

يئع ي يلت ي)تببز يبابشبة يلت يوبودة يابقك ت  د

يباقشبةي يابقم  ي م يباجاراك(  يباشعةبب  خلامهم

يباعم  ي يوو ل يباجدر(  يرقةقك يئببنشةمةك )خلام

يبادبخسةك.ي يبابشبة يابقك با ىمئ يب يبام تافيت  د

باخشايإاليبادبخليلتيبابشبةيبادبخسةكيت  ديأوىةكي

يوب يلبك ي يبلأاةمف  يلت يلتاسك يتحُمايئخلام بات 

باقطمعياسجاريا  ديبا خمعيلتم ل يئج ءيصغةبيلتي

يبابببنشةمةك ييباخلام ي ي8-3شنلي) ي(.أ  تظُهبيئة مم

يب يباتبكةا ينمط ينفق يبايّعد يب  اتشباح يباجاور

ئمتت  مءيو   يابقتةتيلتيبلأاةمفيياجاوريباحشمئش

يبابش يوةثيتن ليإاليباخمرجيلتيابقك يبادبخسةك  بة

ياسبشبةي يبلانشمئةك يباخلام يلت يلشتقك يباخلام هال

يخلامي يوأصبح  ي درهم يتغسظّ  بادبخسةك

ي ي)ابقك  DME) Derivatives ofبتنسبنشةمةك

the meristematic endodermisي(.جي8-3)ي

 

ي
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يxي100بايعدييى ديتنبةبيي-با مم ييجي- يباش كماي.عيورقكيي-بي(6-3شنلي)ي

ي

 

يبايعدييي-با مم ييجي-باش كمي يتمااي.عيي-بي(7-3شنلي)

 

يبايعدي-با مم ييجي-باش كمي ي اراي.عيي-بي(8-3شنلي)ي
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 :يالمناقشـــة .4

يبايمم ي يب  يبابة ك يىت يبا م م يباتبمات اؤ ي

يبكتيم ييبام رب ا  ةك يتحيةت يبال وبافية ا  ةك

يوبامةدبنةكي يبامختبباك يبابةمنم  يوتشةب بام بر .

يبااحببواكي يباشجةبب  يبل يإال يبام ش رة بامحدو ة

يول رب اجةكي يبية ا  ةك يخامئا يا ر  قد

يوتبديي يباقمتةك  يبابة ك يباتنةفيل  يب يىمسةك خمصك

يئما بمتم ي يلقمرنك يبامةمل يا قا يئن ةب يأكبب تحمل 

اتجسليهابيباتنةفيي(.(Liu, et al., 2020بلأخبعي

يتمسنهمي يخامئا يىدة يخلل يلت يلسح ظ ئشنل

يئتبماتي يتتبمات يباخامئا يوهال يباجفمبةك  با بمتم 

يئة متهم. ي ب ييظبوف يئة م  يبابلسةك يبان بمل ئة م 

يب ي يوتتم ل يئهم  يبا بمتم  ينم  يلت يتقسل إ هم ب 

إ هم يباحببرةيوباجفمفيوشدةيباء ءيونشمايبابام ي

وباغمبيئمابلمليئشنليليتمب يوقسكيبلاوتفمظيئماممءي

با متجيلتيابةعكيباتبئكيبابلسةكيباخش كي مابم يوبات ي

يتقلي يوئماتما  يتباعم  يبلأىمما يإال يباممء يبةهم ا فا

ي) يل ه يبا بمتم   ;Batanouny,2001بتتفم ة

Maun,2009يهالي يل  يباتنةف يوتمئل يلت .)

ياُي يلم يبابلسةك يبان بمل يابة ك يب يبلإ هم ب  لو 

يئشنلي يالإ هم ب  ي)بامعبّضك يباخءباك بلأ  بء

أكبب(يلتيخامئايلظهباكي يتتبدعّيئشنليأكببيب ي

يوأورباي يت ا يلت ياس بم  يباه بئةك يبلأ  بء أشنمل

يونيايأئعم هميىبضم يوتمنم .

يئةتي يالأوربا يتمك يأكبب يبايعد بلتسك

يب يتمكي يلت تطك يقةمك يوكمن ياه يبا ل ك  بلأن بع

يوبلاقل يىسلييبايما  يادل يوهاب ب يىبضيأوربقه؛

يئيطحي يلقمرنك يباممء ياتخ ات يأكبب ي بخس  وجم

ي) يباء ئ  ياسب مء يأقل  ;Mauseth,2000خمر  

Masrahi,2020aيباش كميوبا مم ي وييتمكيأقلي.)

يباء ئ ي ياسب مء يأكبب يليموك ياع   يلمم يبايعد لت

يباممء ياحف  يأقل ي بخس  يئحجم يلقمرنك يباي اي. تمك

ي بخس يب يباش كميه يبلأكب يادليىسليوجم يوهاب ب؛

يان لي يوةت يب  يوبامغاام   يباممء ياتخ ات أكبب

يباتعبضي يليموك يب  يأقل ياسي ا يباخمر   بايطح

يئشن يبلاىتمم  يىسل ي لااك يوهاب أكببييلالإ هم ب  

يبلأكببي يبلأتطح يليموم  ي ب  يبلأوربا ىسل

يباء ئ . ياسب مء يبايطحييبامخااك يليموك نيا

ي ب ييsurface to volume ratio (S/V)اسحجم

يبادبخس ي يوباحة  يبلأوربا يتمك يتعنقيقةم بلأوربا

ياسب مءي يبامخاا يوباخمر   ياستخ ات  بامخاا

ي) يأكببيي(.Masrahi,2020aباء ئ  يبا مم  كمل

يS/Vبلأن بعيبا ل كيب ينيبكيليموكيبايطحياسحجمي

يلمي يىسل ي لااك يوهاب يوباي ا  يبلأوربا يلت يكل ب 

تبقيلتيأليبا مم ياب  يليموم يأتطحيأكببياسب مءي

يا و ي يكمم ياسجاور يبلتدب ب يأكبب ي)تقمئسهم باء ئ 

يباب مي يوىسل يبادربتك(. يل ق  يب  يبنتشمرل يئة ك ب 

لتيأليليموكيبايطحيبلأكببيلأتطحيباب مءيباء ئ ي

مءيىتياباقيبا تح يتع  يأاءم يليموكيأكببيافقديبام

 Sheikh, etإلايأليتنةفم يوف يباممءيتعّ ضي اكي)

al., 2020يوب ينفقيبا ق يبإليزام ةيليموم ي )

يبلالتدب ب ي يل  يباء ئ  ياسب مء يبامخااك بلأتطح

يبامد ي يلت يتع ز يلعتببة ياميمبم  يبانبةبة باجاراك

يئأقلي يوا  يت ببل يى د يباخءباك يالأ  بء باممئ 

بيك مبكيوتشمئكيببوعيباي ايب يلقدبر؛يوهابيقديافييّ

يبا مم يونشماهميبا بضحيب يتن اتيبلأكمم يبابلسةك.

تن اتيبلأكمم يبابلسةكيا و يئشنليلحدو ي)ضمتي

ي)لشمهدب ي ينبم يبايعد يب  يالأكمك( يصغةبة أوجم 

ي يوباش كميان نملي يكمليكليلتيبا مم  يئة مم وقسةك( 

يأكببي يأو يبامتب يا ح  يتال يقد يكبةبة يرلسةك أكمم 

يبلاق يب  يبادربتكسةل  يل ق  يب  يش هد يكمم .ييرتفمع

يباممة ةي يباخامئا يلت يتعتبب يبابلسةك بلأكََمَم 

يتم لي ا بمتم يبان بمليبابلسةك يوىسليباب ميلتيأنهم

إ هم ب يئغمبهميالأ  بءيباخءباك يإلايأنهميلتي هكي

يباتبئكي ي قمئق ياتببكم يل ضعةك يل بئل  يت بب أخبع

وقديا ادي اكيلتيقدرةييوبابكم يلتيلختسفيبلاوجم  

يبابلمل.ي يتببكم يلا يبات  يئملأن بع يلقمرنك يباممء وف 

هابيبا شماياتن اتيبلأكمم يبابلسةكيب يبا مم يالو ي

ينشماي يان ل يبا  ىةت يكل يوب  ي  يباش كم يب  أاءم 

تن اتيبلأكمم يليتمبب يا بليباعم يتقبابم ؛يوئماتما ي

يبا شطيكمقمولك يبايبا  يبا م  يىسل ي لااك اغمبييبإنه

 مبيي(.Danin,1996بابلملياسمجم عيباخءبيي)

يباب مءي يلعدل يلت ياقسل يئمابلمل يباخءباك بلأ  بء

باء ئ ينتةجكياتغطةكيبلأ  بءيباخءببءيلتيباي اي

يب يئع ينبمتم ي يولتي هكيأخبعيو د وبلأوربا.

يباابئبكي ياسمغاام  يبنتقمل يبابلسةك بان بمل

ي يN)بانبئ هةدرب    Pي  Kيوباي ا يباجاور يلت ي(

يبامنش بكي يئمابلمليإاليبلأ  بءيباخءباك بامغم رة

ي) يبابلمل يليت ع يب ا يبابمرزة ( يMaun,2009أو
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ي ب ي يئأتطحهم يباخءباك يبلأ  بء يبعماةك ول 

ي اكي يافيب يقد يباء ئ ؛ ياسب مء يبلأكبب باميموم 

يوئماتما ي يبابلسةك يبلأكمم  ياتن ات يباميتمب با شما

وهنابيي.با م يب يتسكيبابة م ي ب يباظبوفيباقمتةك

يئما م ي يبا بم  يو ل يبابلسةك يبلأكََمَك تيتمب

(Batanouny,2001.)ي

ه يابقكييboundary layerباطبقكيباحداّكي

ياسيطحي يباملليك يتقبابم  يبايمك ك باه بء

(Nobel,2005; Masrahi,2020aيتُمكيهالي .))

باطبقكيلؤشبيايُمكيابقكيباه بءيبايمك كيو ليتطحي

ي ياسبة ك يبامعبض يباب مءيباج ء ي)تطح باخمر ةك

يقلي يكسمم يأتمك يباطبقك يهال يكمن  يكسمم باء ئ (.

ي) يباغمزب ( ي)وتبم ل يباممء (.يNobel,2005تبخّب

يالأوربا ي يباحداك يباطبقك يتمك يب  يأقسهم يكمل بايعد

وبا مم يكمليأكببهم.يقسكيتمكيباطبقكيباحداكيالأورباي

يبايطحيإاليباحجمي يليموك ينيبك يتع ضهم ب يبايعد

ياتميضبطيلقدبرييبلأقلي)وة  أكببياستخ ات(؛يوهناب

بقديباممء.يزام ةيتُمكيباطبقكيباحداكيب يأوربايبا مم ي

يأتطحهمي يضمت يباممء يبقد يلت ياقسل يباش كم ياسةه  

يباحداكي يباطبقك يئمايّعد(.تُمك ي)لقمرنك ينيبةم  بانبةبة

يبلأن بع ي يئةت يتبما م يأظهب يبا ل ك يبلأن بع يت ا ب 

كيب يت ايباش كمي يوةثيكمن يباطبقكيباحداكيأتم

يوك ةفكي يلتفبىك يباش كم يت ا يبا مم . ي م يبايعد اسةه

يأتطحي يئميموم  يلعبّضك يبه  يوااب يبا مم (  )ل ل

يبايمكي يوهاب يووببرة  يالإ هم ب يلتيض ء ىدادة

ياقسليتبخبيباممءيلتيأتطحهم.ي يباحداك بلأكببياسطبقك

يباممءي ياتخ ات يأكبب يوجم ي ب  يبايعد ت ا

يبإليتم مككيباطبقكيباحداكيئهميام ليوبامغاام  يوااب

يتمكي يأقل يأظهب يبا مم  يباممء. يبقد يلت ياقسل تنةفم 

ي مزام ي اسطبقكيباحداكيضمتيباي اي)لممياع  يتبم لا 

أكبب يونتحيأك بيلتيضمتيباي ايباخءببء(؛يوهابي

افيبيلعدليبا م يبا شطيئهيوتن اتيبلأكمم يبابلسةكي

يتمكيباطب يقسك ي يباخءبي. يبا بم يوتنم بل قكيوتمد 

يباحببرة ي يتخ ات يىسل يباقدرة يلت يتقسل باحداك

ياعمسةكي يل سل يوببرة ي ر ك يىسل يبامحمبظك وامن هم

يتمكي يقسك يبإل يأخبع ي هك يلت يباء ئ . باتم ةل

ياع ضهمي يبا تح يلعدل يلت يت اد يبات  يباحداك باطبقك

يبلتامءي يىسل يادل يبااي يبانبةب يباجاري بلالتدب 

يباتبئكي يب  يليت ام  يىدة يلت ياسممء بعمل

(Batanouny,2001.)ي

يوبضحم ي يتن ا م  يبا ل ك يبلأن بع تظهب

ي يبابلسةك ي اورهم.ييRhizosheathالأ سفك ىسل

يباحشمئشيخمصةكي يب  يباجار يو ل يبابلسةك باغلف

.ياميت ا كيابة كيبان بمليبابلسةكياسعداديلتيبلأن بعيب

يبابلملي يوبةبم  يتجمّ  يلت يبابلس  يباغلف اتن ل

ينم يى د يئه يباجاريوباتامقهم يونم يشعةببتهيو ل  ل

يباغلفي يهاب يباس  ك. يإبببزبتهم يوتن ات باجاراك

يبادقةقكي يبانمئ م  يلت يباعداد ياؤوي يأنه يو د بابلس 

ياس بم ي يبا ةتبو ةت يت بة  يب  يتيهم بات 

(Bergmann, et al., 2009; Danin,1996; 

Batanouny,2001)يي

يبادقةقكي يبام رب ا  ةك باخامئا

micromorphologyيلتيي يباعداد يتعنق الأوربا

يبامحةطكي يبابة ك يظبوف يل  يوباتنةفم  با ظمئف

(Masrahi,2020a,b.)أظهب ينتمئجيبادربتكيبليي

يباش كمي يلأوربا يبادقةقك يبام رب ا  ةك باخامئا

وبلأخم ادييridgesأنممام يلمة ةيلتيبلأضلعيتبديي

groovesيتن ليأك بيوض وم يب يبايطحيباعس يي  

يبا يب  يل هم يئمرزةياس رقك ي)بلأضلع يبايفس  يطح

يباعس يي يبايطح يضمت يأك ب ي مئبة يوبلأخم اد أك ب

يبلأنممايتببكةاي بىمكي يهال يتم ل يئمايفس (. لقمرنك

اس رقكيكنل يإضمبكيإاليأنهميتقسليلتيبقديباممءيىتي

ي يل صسةك يلت يباتقسةل يleaf conductanceاباق

يت تشبيMaricle, et al.,2009اتبم ليباغمزب ي) .)

ي قةقكي يش كةك يشعةبب  يكااك يبايطحةت ىسل

prickle hairsيوه يلتيباتببكةايبات يو ديأنهمي 

يبقدي يلت يوئماتما يتقسل يباحداك يلتيتمكيباطبقك ت اد

يكلي يضمت يت تشب يبايةسةنمتةك يبلأ يم  باممء.

يباشنلي يئهاب يت زاعهم يباش كم. يأوربا يب  بايطحةت

ياع  يأليبا بم يافءل تبتةبهمييضمتيبايطحةتيقد

يلتي يأنه يوةث يبلأوربا؛ ياتبكةا ي ىم كع بلل

يئن بةي ي)بام    ة يبايةسةنم  يتبتةا يأل بامعبوف

يبانسفكي يأتمس يىسل يبابلسةك(  يبان بمل يئة ك يتبئك ب 

يأقلي ي يبات يي20بلأاءةك  يبلأاءةك يلتيبانسفك لبة

يبا بم ياتن اتيتببكةايلسج  كيكع بلليتدىةمي ا فقهم

(Raven,1983يبقتا يهاب يوب  يب ي(  يىملٍ م 

 بام بر يوت بةبهميلأنشطكيأاءةكيأخبعياس بم .

يب ي يالأوربا يباتشباح  يباتبكةا اظُهب

يتتبكاي يوةث يلتشمئهك  يأنممام  يبا ل ك بلأن بع
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يلتي يتؤافيكل  يلتيباخلام بلأوربايلتيابقكيلفب ة

يبا يةجي يئة هم يبةمم يتحاب يوبايفس   يباعس ي بايطح

يب يباح لك ي مد يخلام ياءم يبااي امحةطكيبا تط 

ئماح  يبا ىمئةك.يئع يخلاميبايطحيباعس ييتتءخّمي

ي يوبكةك يخلام  ب ي درييbulliform cellsلن نك

يئماممء ي يباخلام يهال يوبنتفمخ يبلتلء يىم ة. رقةقك

يبنطبماي يىت يباميؤول يه  يباممء يبقد يى د وبننممشهم

 منب يتطحيبا رقكيباعس ييوةثيتعمليهاليباخلامي

طبقيبا قكيىسليئعءهمي"كمفال "يلبنك يئحةثيت 

يواتمد ي يباحبكةك  يباخلام يوبننممش يباممء يبقد ى د

يباخلامي يهال يبلتلء يى د يبا رقك تطح

(Masrahi,2020bيل ي يبعمل يتنةف ي اك يوب   )

ظبوفينقايباممءيوإ هم يباجفمفيو اكيئتعبا ي

يباممء ي يت بب يى د ياسء ء يباعس ي يبا رقك تطح

يئع يىسل يئمنطبمقه يبايطح يهاب يلت يب يوباتقسةل ءه

يظبوفيباجفمف.

يلتي يابقتةت يلت يتتأاف ي)بات  يباح لك ي مد خلام

تحةطيئنليو لكييchlorenchymaباخلاميباتم ةسةكي

وىمئةك(يت  ديب يأوربايبلأن بعيبا ل ك.يهاليباخلامي

يئتشباحي يباميمل يباتشباح  يباتبكةا ينمط تؤافّ

 يوه ي لااكيىسليبلتلكيkranz anatomyكببن ي

 ,Daninب يباب مءيباء ئ ي)يC4مريهاليبا بمتم يامي

ي1996 يليمر .)C4يأوديي يه  يباء ئ  يباب مء ب 

يبابة م ي يوشمئش يلت ياسعداد يبا ظةفةك باخامئا

ياسب مءي يتنةفم  يباميمر يهاب يام ل يوةث يباحمرة؛ باجمبك

ي يوباحببرة. يباممء ينقا يظبوف يل  ب ب يباء ئ 

يإ مملايب ي باتبكةايباتشباح ياسجاوريكمليلتشمئهم

يبلأن بع يباخامئاييكل يإال يإشمرة يوهاب با ل ك 

يباظبوفي يتشمئه يى د يبامتشمئهك يوباتنةفةك باتبكةبةك

يبا مطي)ئت زا يو لهي بابة ةكيب ينفقيبام ق  يوهاب

ياع زيلتيبلتامءي با ىمئةكيو لينخمعيلبك ي(

باممءيونقسهيالأ  بءيباخءباكيئفعماةك.يو   يابقتةتي

بخسةكيب يلتيبلأاةمفيإاليباخمرجيلتيابقكيبابشبةيباد

ي ي)ابقك يبايّعد يلءمىفم يDME اور ي ىمم  يت بب )

اسجاور يوقديتيمهميب يومماكيوى ليباح  يبا ىمئةكي

يباباح ي يبا شما يظبوف يب  يباجاور يبننشمف ى د

يابة كيبان بمليبابلسةك.

 الاستنتاج .  5

ي يبل يباحماةك يبادربتك يبا بمتم يو د  يلت باقسةل

يتسكي يب  يوبابقمء ياس م  ياتنةف يئمااب ( )بامعمبة

.يوضمتيل طقكيبادربتكي(بان بمليبابلسةك)ئة كيبابة م 

يل طقكي يب  يبايموسةك يبابلسةك يبان بمل يشباط ب 

لتيباحشمئشيتم ليأك بيبلأن بعيي ل كي مزبل يتي  ي

يبا مم ي يلت يكل يوه  يبان بمل  يئة ك يب  بنتشمرب 

Panicum turgidumي يوباش كم  Odyssea 

mucronataيي يبا جةسةك يبافاةسك  يPoaceaeلت

بنتشمريي.Cyperaceaeوبايّعديلتيبافاةسكيبايّعداكي

هاليبا بمتم يئشنليوبت يضمتيئة كيبان بمليبابلسةكي

يئة تهم.ي يإ هم ب  يظبوف يل  يباعما  يتأقسمهم اعنق

يباتنةفم يبامظهباكي يلت يباعداد يب  ياتم ل يباتأقسم هاب

يوتم لي)بام  يوبا ظةفةك. يوباتشباحةك رب ا  ةك(

يلمة ةي يخامئا يوباتشباحةك يبامظهباك باتنةفم 

يل ي يبا بمتم  ياهال يباتنةف ي  بنا يلت يباعداد تفيب

يئماتنةفم ي يبا  ةق يبرتبماهم يبةهم يئمم يباقمتةك  ئة تهم

 با ظةفةك.

يباحجمي يإال يبايطح يليموك ينيبك ضبط

surface to volume ratioيباخءباكيي الأ  بء

يأويباتقسةليلتي يئماب مءيباء ئ يىببيزام ة بات يتق  

تمكيبلأ  بءيباخءباك يا وظ يئأنممايلختسفكيب ي

ي)باي اي يبامدروتك ياس بمتم  يباخءباك بلأ  بء

ينيبكي يا ام ة يبلأنمما يهال يوبلأوربا(. باخءببء

يبخت باهي يأو يباء ئ ( يباب مء يتطح ي)زام ة بايطح

يبا تح(  يلت يباحة يي)استقسةل ي)زام ة يباحجم وزام ة

يل هي يباتقسةل يأو يباممء(  يبامخااياتخ ات بادبخس 

يباء ئ (ي ياسب مء يبامخااك يبلأتطح يويم  ىسل

يب ي يوبلأوربا يباي ا يلت يانل يلمة ة كمن يظمهبة

كلين ع؛يئحةثياءمتيكلين عيلأ  بئهيباخءباكي

يل يباتقسةليلتيأ بيإ هم يباجفمفي)باتقسةلي نم ب يبعملا 

يبا تح( يوباش كميلت ي  يبا مم  يلت يانل يكمل يوقد .

( يوىسليhigh S/V ratioليموم يأتطحيكبةبةي)

ي ي اك يأل يلت يويم يي-إ مملا يي–باب م يىسل ان ل

يإلاي ي)باحة يبادبخس ياستخ ات( بامخاايلتيباحجم

باميموم ييأليهااتيبا  ىةتيامسنمليتنةفم يتقسليلت

بامعبضكيالإ هم يى ديبشتدب يواأةيباظبوف يوتقسلي

يبنح مءي يتيبا يبات  يباحبكةك ي)باخلام يباممء يبقد لت

يت اي يو    يالأوربا  يباعس ي يبايطح ابب 

يباء ئ ي  بم ي يباب مء يئعمسةك يتق   بتط بنةكيخءببء

يباحداكي يباطبقك يتمك يبلأوربا  يل  ي  ا إال

boundary layerيهاليو ليبلأ  بءيباخءباي ك(.

ي يبلأ بيي–باخامئايبامظهباك ياهم يكمل باتشباحةك
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يب ي يأئدىهم( يبااي يو ل يى  يباخماق ي)ئقدرة بانبةب

يونشماي يبابلسةك  يبان بمل يئة ك يب  يبا بت  بنتشمرهم

يتحتمجي ي)بات  يالأكمم  يوتن ا هم يباخءبي تنم بهم

ينظم ي ياببدهم يباء ئ ( يباب مء نشمايوبعماةكيلأتطح

ياميمبم  يوامتد يباطبقم يي ارييبعمّل يضمت ا اسك

بايطحةكيلتيباتبئكي)التتفم ةيلتيأقليقدريلتيباممءي

يلاييبامتم (. يبايعد يبإل يوباش كم  يبا مم  وئخلف

ابُدييتنم بب يخءبام يبعملا  يوأببب ليلت م بةيلايتنّ لي

يألي يىسل يادل يوهاب يووبضحك  يكبةبة يرلسةك أكمم 

يلتي يونشمام  يبعماةك يأقل يئهم يباء ئ  يباب مء أتطح

يليموكيبا ينيا يبإل ي اك يول  يبلآخبات.   ىةت

ي) يئهم ياسحجم يباطبقكيS/V ratioبايطح يوتمك )

ي يكبةبييboundary layerباحداك يئشنل تع ز

يان ليأودي يقد يوهاب ليموم يباتخ اتيووف يباممء 

يبلإ هم ي يظبوف يب  يوتل ي ءك يئقمءهم أتبم 

 باعما .

 . التوصيا  6

ي يبادربتك يهال يلتييئإ ببءت ص  بام اد

تم يو ليبا بمتم يبام    ةيب يل ق يبادربتكيبادرب

وتعبافهميئمتتخدب يباتشخةايباج ا  يبويبادربتم ي

ي يباج ئةك ياستمراخيبٔبءليافهمبٔتمسييت بةبيب للت

يباش كمييباتط ري يب  مس يلت يبايع  اك الأن بع

وىلقتهميئما بمتم يبلأخبعيبام    ةييوبا مم يوبايعد

ي يبا ش ء يىلقم  يت ضةح وباتط ريوكااك

يبا  وي.ي DNAئمتتخدب 

 .المراجع  7

 المراجع العربية: 1. 7 
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ي–اس بمتم يبابباكيب يل طقكي مزبل.يبامؤافي

  دة.يي

ي:هـ(1419ش  ري يش ك ؛يوباج اد يىبديباع ا ي)

 .باغطمءيبا بمت ياسممسنكيباعبئةكيبايع  اك

بامبك يبا ا  يأابحمثيبا ربىكيوبامةمل ي

ي.باممسنكيباعبئةكيبايع  اك
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Ecological Adaptation in Some Sand Dune Grasses: 

Morpho-Anatomical Study 
Wafa Hamad Ahmed Maqbool 

College of Science, Jazan University 

 

ABSTRACT 

Coastal sand dunes habitats in southwestern Saudi Arabia are one of the stressed 

habitats with high intensity of solar radiation, high temperature, drought and 

permanently exposure to winds and sand accretion. Few plant species colonize these 

habitats,  In view of the lack of studies that dealt with the adaptation of the sand dune 

environment of the morphological and anatomical aspects at the global generally, and 

the environments of the Kingdom of Saudi Arabia particularly, the idea of this study, 

which was conducted during the years 2020-2021, was aimed at shedding light on some 

aspects of the adaptive morphological and anatomical compositional aspects of plants 

selected sand dunes, the most prominent and widespread species in them are three 

perennial grasses: Panicum turgidum, Odyssea mucronata, and Cyperus conglomeratus. 

These plants possess many morphological, anatomical and physiological characteristics 

that God Almighty has created for them to reproduction, spread and resistance of 

prevailing conditions in their habitats. The results of this study showed that the leaves of 

the three species differ in their morphological characteristics. Cyperus conglomeratus 

had the largest leaf thickness of the three species, medium value in the thickness of the 

stem, and the lowest in leaf width. This indicates a greater internal volume of water 

storage compared to a lower outer surface for photosynthesis. Odyssea mucronata and 

Panicum turgidum are of less thickness in vegetative parts, which means more space for 

photosynthesis compared to a smaller internal volume to water storage. On the other 

hand, the leaves have more curl in times of drought, reduces the surface area exposed to 

transpiration. For the thickness of the boundary layer, Cyperus conglomeratus was the 

lowest of the three species, whereas Panicum turgidum was the largest. The three 

species show prominent formation of Rhizosheath on their roots. The anatomical 

structure of the leaves in the three species shows similar patterns including the structure 

of the leaves, these plants have the C4 pathway, the stems and rhizomes. The stems and 

rhizomes in both Odyssea mucronata and Panicum turgidum show a similar pattern that 

characterizes the well-known pattern in the grasses. In contrast, Cyperus conglomeratus 

stem exhibited a distinct structure with the presence of bundle sheath cells (Kranz 

anatomy), an uncommon anatomical feature of the stem, and perhaps a feature that 

enhances the photosynthetic activity of Cyperus conglomeratus stem. The anatomical 

structure of the roots was similar in all three species, an indication of the similar 

structural and adaptive characteristics when the environmental conditions are similar in 

the same habitat, and this pattern (by distributing its vascular bundles around a central 

pith) enhances the absorption of water and its transfer to the vegetative parts effectively. 

 

Keywords: Weeds, Sand Dunes, Panicum Turgidum, Odyssea Mucronata, 

Cyperus Conglomeratus. 
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