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Abstract: 

One of the various causes of plants decline is certainly the industrial expansion 

and the resultant air pollution of Crushing activities of the naturally occurring stones. 

The aim of this study was to evaluate the impact of stone crushing industry on 

different plant parameters in which are dominant in Sassu valley. Measurement of 

chlorophyll, total carbohydrate, proteins, Amino acids, proline acids, water and metals 

content; dust fall on plants were done. Sixteen plant spices were identified at this 

region. The results of this study illustrated that plant species differ in their 

photochemical contents, and some plant showed a decrease in amount of chlorophyll 

and total carbohydrate in foliar tissues indicated reduction of photosynthesis. 

Reduction in both protein and amino acids content in foliar tissues were also noted. 

Water content was reduced. Measurement of dust fall was carried out and showed 

high value in all plants. Data analysis of Zizyphus lotus and Haloxylon salicornicum , 

during autumn season, grown in polluted area (Sassu Valley ) and non-polluted area 

(used as a control) revealed that  Haloxylon salicornicum more sensitive to dust stone 

crashers compared to  Zizyphus lotus. Both tested plant shown an increase in there 

protein and proline contents and a notable reduction in the amount of chlorophyll, 

amino acid and water content. Generally, Zizyphus lotus and Haloxylon salicornicum  

both xerophytic plants  and they have a adoption mechanisms to tolerant pollution 

stress.    

Isolated microbial flora consists of 3 fungal genera belonging to, Aspergillus, 

Penicillium, and Fusarium. A significant correlation was established in many cases 

between air pollutants present and plants grown. 

 

keywords: Plants physicochemical parameters, stone crushing dust, Sassu valley. 

 
 

INTRODUCTION 

Air pollution has become a major threat to the survival of plants in the industrial 

areas [1-2]. We are facing the fact that in relatively recent times, the total amount and 

complexity of toxic pollutants in the environment are increasing day by day. The 

chemical effect of dust, either on soil or directly on the plant surface, may be more 

important than any physical effects. tsud has a detrimental effect on people and 

environment including flora and fauna, for instance, its responsible for vegetation 
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injury and crop yield losses, are causing increased concern [3]. Effect of cement, 

petroleum-coke dust, fly ash, coal dust, automobile exhaust; Stone dust and other 

airborne particulates on various morphological and physiological parameters in 

different plants were well-studied by several workers [4-11]. Stone dust is primary 

aerosol and it is released directly from the source. Most of the plants experience 

physiological alterations before morphological injury symptoms become visible on 

their leaves. Generally, little is known and limited studies have been carried out on the 

effects of stone dust pollution on the biodiversity of Sassu valley. This study aims to 

examine and evaluate the impact of stone dust in Sassu valley in Misurata region on 

the environment and plants. 

 

MATERIALS AND METHODS: 

Description of the study area and selection of study area:  

Sassu valley  is the field research area lies in Misurata  Libya at latitude 32.65 N 

(north) and longitude 14.26 E (east). The study polluted area is situated around is 

situated around  200  km east of Tripoli (Libya’s capital city). the area holds benefits 

for farming medical herbs and shrubs. In the summer, the main direction of the wind 

is from the desert (south) to the sea (North). However, in the winter the wind blows 

from west to east. Generally speaking, the climate of the area in the summer is hot and 

dry. The temperature rapidly increases in this season, reaching 48°C. In the winter it 

is warm and rainy but rainfall is scanty. In Libya, more than 50% probability of 

occurrence of 10 mm rainfall amounts can be noted in sixteen meteorological stations 

including the Misurata study area and rainfall of 25 to 50 mm can occur. 26 

millimeters is the average annual rainfall for the country. 

 

Identification of area plants: 

Several plants were collected from polluted area studied and were identified in 

Herbarium  College of  Science, Misurata University, Misurata, Libya. Also 

taxonomic identification done as described by Encyclopedia of Flora of Libya. 

Measurement of dust fall: 

Dust fall was also measured, it collected as described by [12] Calculated formula was 

used in this process as follows: 

W = W2 – W1/ A 

Where, W = Dust content (mg/cm
2
), W1 = Weight of envelope without dust, W2 = 

Weight of envelope with dust A = Total area of leaf in cm
2
. 

 

Total Chlorophyll Content:  
Chlorphyll determination was carried out according to the method described by [12].  

A 0.25 g of fresh leaves were blended and extracted with 10 ml of 80% acetone and 

left for 15 min. The liquid portion was decanted into another text tube and centrifuged 

at 2,500 rpm for 3 min. The supernatant was then collected and the absorbance was 

then taken at 645 nm and 663 nm using a spectrophotometer.  
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Chlorophyll content was expressed as mg/g fresh weight by using the following 

formula:    

 

Chlorophyll a = 12.7DX663 – 2.69DX645 x V/1000W mg/g. 

Chlorophyll b = 22.9DX645 – 4.68DX663 x V/1000W mg/g. 

 

Ch = chlorophyll a + b , Dx = Absorbance of the extract at the wave length nm. 

V = total volume of the chlorophyll solution (ml), and W = weight of the tissue 

extract (g). 

 

 

Relative Leaf Water Content (RWC): 

 

The method described by [12],  was followed to determine RWC based on the 

formula, 

RWC= (wf – wd) x 100 / (wt – wd). 

Where, w fresh wt of the leaf. wt-turgid weight of the leaf after immersing into water 

overnight. wd-dry weight of the leaf. 0.5 g of leaf pieces were placed in a dryer at 

240C for 24 hr. 

 

 

 

Total carbohydrate, proteins, Amino acids and Proline acid content: 

 

Determination of total carbohydrates, proteins, Amino acids and Proline acid content 

according to the method described by [13-15]. The results were presented by mg/g  

for protein and amino acid and mg/g dry weight for proline analysis.  

 

 

Fungal Isolation 

 

Fungi were isolated from soil  as described by [16]. 

 

 

RESULTS AND DISCUSSION 

Identification of area plants: 

The plants which were collected from polluted area studied and Plant taxonomically 

identified in Botany department at Science collage- University of  Misurata – Libya. 

An  identified plants including  Olea europaea, Zizyphus lotus, Haloxylon 

salicornicum, Monsonia nivea, Zilla spinosa, Anvillea garcinii, Marrubium vulgare, 

Anacyclus alexandrines, Anvillea garcinii, Polygonum equisetiforme, Silybum 

marianum , Orobanche cernua Pituranthos tortuosus, Diplotaxis muralis, Echinops 

galalensis  and Atriplex hortensis. 
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Dust fall:  

The dust fall in the area studied was found to be higher in summer (Table 1). Dust 

deposition on plant surface was minimum in rainy season and maximum in summer 

[17]. The dust fall was ranged between 0.05 to 5.30 mg and to be higher with  Silybum 

marianum. Quantity of dust fall in all their sites of Sassu valley area, in these 

principal season exceeded, about 100 times higher in comparison between Olea 

europaea and  Silybum marianum. A higher dust fall observed on Silybum marianum 

leaf surface may attributed to its leaves constriction such as leaf hairs. leaf is slightly 

different from plant to other plant regarding the surface texture and any other 

morphological structures. However, many factors including wind speed and 

precipitation, may influence particulate deposition [18].  

 

TABLE (1): Measured dust deposition (g) of plant samples, from pollute area. 

 

Dust (gm) Plant name 

0.05 Olea europaea 
0.12 Zizyphus lotus 
0.44 Haloxylon salicornicum 
0.80 Monsonia nivea 
1.10 Echinops galalensis 

1.50 Anvillea garcinii 
2.30 Zilla spinosa 
2.50 Anvillea garcinii 
3.10 Anacyclus alexandrinus 
3.10 Polygonum equisetiforme 
3.30 Orobanche cernua  

4.20 Marrubium vulgare  
5.30 Silybum marianum 

 

Total Chlorophyll Content: 

 

Variation in chlorophyll content has been used in many studies in order to 

investigate the effects of pollutants on plants total chlorophyll content of selected 

plant species under study is shown in (Fig.1) . Due to chlorophyll plays an important 

role in plant growth. All the plant species showed maximum chlorophyll content at all 

samples with exception of Orobanche cernua, Echinops galalensis, Pituranthos 

tortuosus, Silybum marianum and Atriplex hortensis.  The variation in chlorophyll 

content of selected plants may be due to the dust particles [19-20]. Dust accumulation 

causes severe damage in the soil and may also affected photosynthetic apparatus [21]. 

The effect of stone crusher dust, which settles on the leaves and becomes a hard mass 

when comes in contact with water, on the morphology, micromorphology and 

anatomical details of leaflets [22]. Thus, deposited dust on the surface of leaf alters its 

optical properties particularly the surface reflectance in the visible and short wave 

infrared radiation range [23-24]. Results of Prajapati and Tripathi [25] showed the 

reduction in foliar chlorophyll and carbohydrate content in polluted sites which 
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indicated that the process of photosynthesis by these trees was reduced as a result of 

air pollution.  

 

 

Chlorophyll content also measured in two plant species ( Zizyphus lotus and 

Haloxylon salicornicum) grown in polluted area ( near to crackers ) and non-polluted 

area (used as a control). In order to, give real indication on the effect of cracker dust 

on  plants.  Thus result of this study showed in Figuer  (2) and Table (2) revealed that 

chlorophyll content  in the shoot of  Haloxylon salicornicum grown in polluted area 

significantly reduced (P=0.02) when compared with chlorophyll content of the same 

species grown in non-polluted area while chlorophyll content of  Zizyphus lotus 

Showed insignificant effect. the reduction of chlorophyll content in the shoot of 

Haloxylon salicornicum due to the amount of dust deposition in the plant surface. the 

amount of dust in  Haloxylon salicornicum shoot  where four times higher compared 

with Zizyphus lotus. The variation in the amount of dust due to the morphorgical 

structure of the plant shoot. 
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Figure (1): Measured chlorophyll content (mg) of plant samples from 

polluted area . 
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Figuer 2 : Mean of chlorophyll content Zizyphus lotus and 
Marrubium vulgare shoot. 
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Table (2): Statistical analysis of Chlorophyll content in Zizyphus lotus and 

Haloxylon salicornicum shoot. 

 

 

 

 

 

This study clearly indicated that the stone crushing dust activities induced air 

pollution problem and affected on the level of chlorophyll pigments in some plants 

that were exposed to environment pollution. This might be due to long time 

deposition of dust on plane leaves. The amount of dust accumulated in the plants 

varied between species this due to their morphological properties.    

 

Total carbohydrate, proteins, Amino acids and Proline acid content: 

 

Total carbohydrates in leaves were lower in some tested plants such as  Polygonum 

equisetiforme, Monsonia nivea, Echinops galalensis and  Silybum marianum,  while 

the degree of differences varied with species  at all plants studied (Fig 3). This large 

difference may be attributed to climatic factors because in the amount of precipitation 

increased. 
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Total carbohydrate was estimated in two species, Zizyphus lotus and Haloxylon 

salicornicum, grown in polluted area, near the crackers, and non-polluted area (used 

as a control). The result presented in Fig. (4) and Table (3) indicated that the amount 

of total carbohydrate was higher in Zizyphus lotus grown in non-polluted area then 

Zizyphus lotus grown in non polluted area. In contrast, the amount of total 

carbohydrate in Haloxylon salicornicum grown in polluted area was significantly 

higher compared with Haloxylon salicornicum grown in non- polluted (P=0.03) 

suggested that Haloxylon salicornicum may be sensitive to cracker dust. an increase 

in total carbohydrate content, and decrease in chlorophyll amount with high amount 

of dust deposition on plant surface indicate that Haloxylon salicornicum, grown in 

polluted area, highly affected. while Zizyphus lotus showed insignificant increase in 

total carbohydrate, total chlorophyll and low dust deposition on shoot surface 

indicated that, Zizyphus lotus was more tolerant than Haloxylon salicornicum. 
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Figuer (3): Mean of estimated total carbohydrate from the shoot of some plants grown 

in polluted and non-polluted area 
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Figuer (4): Mean of total carbohydrate in Zizyphus lotus and Haloxylon 
salicornicum shoot  grown in polluted areaand non-polluted area  
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 Table (3): Statistical analysis of total carbohydrate in Zizyphus lotus and 

Haloxylon salicornicum shoot grown in polluted area, near the crackers, and 

non-polluted area. 

 

 

Data presented in Figure (5) showed that the highest amount of total protein was 

recorder in the shoot of Monsonia nivea while the lowest protein amount was 

estimated in the shoot of Silybum marianum, Zizyphus lotus, Polygonum 

equisetiforme and Olea europaea. Total amino acids were estimated in the shoot of 

some plant grown in polluted and non-polluted area, as shown in Figure (6). Thus, the 

highest amount of total amino acid was recorder in the shoot of Polygonum 

equisetiforme while the lowest amount of total amino acid was estimated from the 

shoot of Zizyphus lotus, Olea europaea and Haloxylon salicornicum.  
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 Figuer 5 : Mean of total amount of protein qunitified from Haloxylon 
salicornicu and Zizyphus lotus shoot    
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Data showed in Figure (7 and 8) and Table (4 and 5) clarified that total protein 

contents recorded in the shoot of Zizyphus lotus and Haloxylon salicornicum, grown 

in polluted area, near the crackers, and non-polluted area (used as a control) showed 

notable increase while a slight decrease in the total amino acid was recorded.  

An increase in protein content may refer to the formation of osmoprotection proteins 

and may play a role in osmotic adjustment [26] to tolerate stress factors. 

 

 

 
 

Proline content was recorder in some plant grown in polluted area (Sassu Valley), and 

the data presented in Fig. (9) indicated that proline content was higher in the shoot of 

Diplotaxis muralis and Anacyclus alexandrines respectively while the lowest amount 

of proline content was recorder in three species, Anvillea garcini, Marrubium vulgare 

and Orobanche cernua respectively. Also, the result showen in Fig. (10) revealed that 

proline content shown notable increase in both species, Zizyphus lotus and Haloxylon 

salicornicum grown in polluted area compared to the same species grown in 

nonpolluted area.  
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Figuer 6: Mean of the total amount of amino acids  quintified from .  

the shoot of some plants grown in polluted and non-polluted area 
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Accumulation of proline is a common plant response to environmental stresses. 

Proline occurs widely in higher plants and accumulates in larger amounts than other 

amino acids [27]. Maggio et al. [28] are of the view that proline may act as a 

signaling/regulatory molecule able to activate multiple responses that are component 

of the adaptation process. Thus. Proline accumulation in tested plant, Zizyphus lotus 

and Haloxylon salicornicum grown in polluted area may refer to their ability to form 

osmoprotection compound in order to tolerate an environmental stress.  

According to the data analysis of chemical composition of  Zizyphus lotus and 

Haloxylon salicornicum both nottdu uyosct tt ltebctuc lt dyclb nbodclt ttt nbooltc 

eotdctd  referred to their response to the stress factors. From the result it can be seen 

that, Haloxylon salicornicum is less tolerant to dust pollution because its chemical 

constitute specially chlorophyll and carbohydrate amounts showed clear reduction 

which may refers to indirect effect on photosynthesis process. Verma and Singh [29] 

noticed that, Marked alterations in photosynthetic pigments and protein content in 

foliar tissues as a result of auto– exhaust pollution.  Zizyphus lotus was more tolerant 

to dust pollution because its most chemical components were not affected. 

Furthermore, the plant was able to induce an increase on osmoprotection compounds 

such proline and protein.   Resistance to environmental stress occurs when a plant 

withstands the imposed stress that may arise from either tolerance or a mechanism 
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Figuer 9:Mean of the total amount of proline recorded  from  the shoot of some plants 

grown in polluted and non-polluted area 
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Figuer 10 :Means of the total amount of proline in Zizyphus lotus and 

Haloxylon salicornicum shoot  grown in polluted areaand non-polluted area  
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that permits escape from the situation. Although whole plant mechanism can 

contribute to the avoidance of stress during the plants life cycle, tolerance can also 

occur at the cellular level. 

 

Relative Leaf Water Content (RWC): 

 

Leaf moisture was measured for all contaminated samples Fig. (11). The results 

show highly water content of leaves from polluted area sites with exception of 

Anvillea garcini and   Zilla spinosa.  High amount of water in some plants even in 

polluted area may be to a large Leaf length and  leaf area [30]. In addition, these plant 

leaves may absorbed greatly water due to high dust deposition. In Zilla spinosa 

relative water content is the lowest. This may be due to lower availability of water in 

soil along with high transpiration rate. An increased water loss was noticed at night if 

the dust was applied to the lower leaf surface, with applications of smaller dust 

particles having the most effect. Eveling [31] studied excised leaves of Phaseolus, 

Coleus and Zebrina. Inert dust applications not only increased water loss, but allowed 

greater penetration of applications of ammonia.  

 

 
 

Relative water content was estimated in two plant species, Zizyphus lotus and 

Haloxylon salicornicum, grown in polluted and non-polluted area. The result showed 

that, slight reduction in the shoot water content of  Zizyphus lotus and Haloxylon 

salicornicum grown in polluted area when compared with the same plant grown in 

non-polluted area (Fig. 12 and table 4). Both species are able to maintains their water 

content even they are under stress. Their ability to prevent water loss may due to the 

morphological properties of the shoot (Fig. 13). Zizyphus lotus is xerophytic plants. 

Its resistant to environmental stress, the leaves of   Zizyphus spp are thick about 1mm 

and small. Also, their leaves were coated with cuticle and Leaves surfaces covered by 

hairs. Zizyphus lotus one of drought resistant plant and mostly grown in sandy and 

sandy-rocky soils [32-34]. Anatomical and Morphological structure of Zizyphus lotus 

leaves, gained the plant the ability to tolerate stress. Haloxylon salicornicum also a 

xerophytic plants. The plant adopted to prevent stress damage and water loss by 
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Figuer 11: Mean of relative water conets recorded  from  the shoot of 
some plants grown in polluted and non-polluted  
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Haloxylon salicornicumZizyphus lotus

control 54.724.9

Haloxylon salicornicum 48.920.4

0

10

20

30

40

50

60

Figuer 12: Mean of relative water content recorded  from  the shoot of some 
plants grown in polluted and non-polluted  

reducing leaf size and area, leaves takes a needle shapes, leaf thickness, sunken 

stomata Sunken stomata covered with trichromes and formation of thick cuticle .    

 

Table ( 4 ): Statistical analysis of relative water content recorded  from  the shoot 

of some plants grown in polluted and non-polluted 
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Fungi Isolated From Plant: 

 

There was a number of fungi isolated in this study. Ten species belonging to 

Three  genera of fungi were recovered from all leaves. Penecillium sp1, Penecillium 

sp2, Penecillium sp3, Penecillium chrysogenium, Fusarium oxysporum, Aspergillus 

sp1, Aspergillus sp2, Aspergillus sp3  Aspergillus sp4 and  Aspergillus niger, were the 

most frequently found fungi in the plants studied in polluted locations . Such fungi 

were isolated in soil polluted by Stone crushing plants and in leaves polluted by 

automobile pollution when fungi were isolated from olive leaves that had been 

exposed to cement dust for a long time, the most common colonies isolated were 

Aspergillus, Fusarium, Mucor, and Penicillium [35-36]. 

 

 

Conclusion: 

Plants are suffering particularly around industries including stone crushing dust 

industries area. Urban dust had a significant effect on the growth of some plant 

species compared with non-dusted plants. Although plants possess some stress- 

tolerant mechanisms within them, considerable affect is caused to them which are 

evident from this study showing physical damage of leaves as a result of dust 

deposition effect of photosynthetic activities, carbohydrate, proteins, amino acids and 

proline acids content. This influence on effects of pollutants observed, so the plants at 

the site closest to the crushing activities had the greatest effects as compared to other.  

 A Xerophytic plants such Zizyphus lotus and Haloxylon salicornicum are tolerant 

either to pollution stress or drought stress. Morphological and anatomical adoption 

unable those plants to prevent leaves injury and water loss. Thus, both plants are ideal 

to cultivated in the area of Sassu valley because their resistant to dust stone pollution. 
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Figure 13: Morphological characters of Zizyphus lotus and Haloxylon salicornicum leaves 
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 الملخص:

حدى أسباب تدهور النباتات هو التوسع الصناعى و تلوث الهواء الناتج عن نشاط إ

الكسارات للأحجار الطبيعية.  يهدف البحث لتقييم تأثير كسارات لأحجار الصناعية على مقاييس 

نمو النباتات السائدة او الرعوية   في وادى ساسو. تم  ياس حتوى اليخضور, البروتينات, 

, السكريات, البرولين , كمية الغبار و المحتوى المائى. ستة عشر نوع نباتى الاحماض الامينية

في منطقة الدراسة. نتائج هدا البحث أوضحت بان الأنواع النباتية تختلف في محتواها  تم تعريفهم 

الكيمائي, بعض النباتات بينت نقصا في محتواها من اليخضور و الكربوهدرات في الأجزاء 

بذلك لنقص في عملية البناء الضوئي.   أيضا لوحظ انقصا في كمية البروتين و الهوائية مشيرة 

الاحماض الامينية.  كما  ل المحتوى المائى.  يست كمية الغبار السا ط و بينت النتائج  يم عالية 

و الرمث   Zizyphus lotusللغبار المتسا ط على النباتات. تحليل البيانات لنبات السدر 

Haloxylon salicornicum  الناميان في المنناطق الملوثة ) منطصة ساسو ( و المناطق ,

الغير ملوثة ) استخدمت كشاهد( بينت ان نبات الرمث اكثر حساسي لغبار الكسارات من نبات 

السدر. كلا النباتان شهدا زيادة في كمية البروتين و البرولين كما لوحظ انخفاض في كمية 

ضور و المحتوى المائى. بصورة عامة, نباتى السدر و الرمث من الاحماض الامينية, اليخ

النباتات الجفافية وهما يملكان ميكانيكية التكييف لإجهاد التلوث . عزلت مجاميع ميكروبية تشمل 

اجناس فطرية تتبع للاسبرجلس, البنسيلليوم و الفيوزرايوم. اكد في العديد من الحالات الارتباط  3

 لهواء بالغبار و نمو النبات . المعنوى بين تلوث ا

 .حجار الكسارات, وادى ساسوأغبار  ,مقاييس الفيتوكيميائية للنبات الكلمات المفتاحية:

 


