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Abstract 

Air pollution due to cement dust is an important issue of environmental concern and major threat 

to crop production.  A significant work has been done in developed countries and less is done on 

this aspect in our country. This study will benefit and provide an opportunity to understand the 

level of toxicity and tolerance limit of cement pollution stress to agronomic crops where 

environmental pollution is major issue in agriculture sector. The cement manufacturing industrial 

plants produce large quantities of particulate matter, minerals, heavy metals and found 

responsible for degradation of environment and influenced on vegetation. The study showed that 

different level of cement pollution treatment highly decreased plant height and dry weight of 

selected pulse crops. The leaflets of Vigna radiata (L.) R. Wilczek) and Vigna unguiculata (L.) 

Walp.) were significantly affected by 1% cement pollution. The lowest percentage of tolerance 

in all seedlings were found to cement treatment at 4%. The variable difference in edaphic 

properties of cement treated soil as compared to noncement treated soil was also recorded.  
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Introduction 

The indiscriminate release of organic and 

inorganic compounds from cement plants 

are deteriorating the environmental 

conditions. Cement is a primary component 

of concrete and served extensively for 

construction and infrastructures worldwide. 

Cement has global impact and is source of 

greenhouse gas emissions and heavy metals 

likewise lead, zinc and cadmium [1, 2] and 

influenced on growth of plants. The 

morphological character, seedling height, 

leaf size and clogging of stomata were found 

disturbed due to cement dust pollution [3-7]. 

The entrance of polluted gases in the foliage 

during the course of normal gas exchange at 

higher level  interaction of cement dust also 

influenced on the rate of seed germination 

percentage, photosynthesis and productivity, 

enzymatic activities, changes in chloroplast 

pigment, growth retardation and vegetation 

around the cement industrial units [8-17]. 

The cement dust introduction in 

environment create an environmental 
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pollution problem, which can affect 

positively or negatively on seedling growth 

and edaphic characteristic. Therefore, 

present studies aim to investigate effects of 

cement on germination of three important 

agronomic bean crops species cultivating in 

larger area of Pakistan.  

Materials and methods  

The seedling growth studies was performed 

at Department of Botany, University of 

Karachi. The mung bean, black gram and 

cowpea seeds were purchased from local 

super store.  All bean seeds kept in distilled 

water thirty minutes to break seeds 

dormancy. The air-dried garden loam soil 

was passed through 2.00 mm sieve plate and 

the Whatman filter paper was kept lower 

side in each plastic pot to minimize the 

chance of leaching of soil. The size of pot 

was 7.3 cm in diameter and 9.6 cm in depth. 

The Lucky cement unit founded in 1996 

[18]. The sample was taken from the said 

cement factory and concentrations in this 

experiment were prepared 0, 1, 2, 3, and 4%, 

respectively. 1 g cement was added in 99 

grams of soil to make 1% concentration for 

treatment. Similarly, the composition of soil 

sample for 2, 3, 4% was prepared. The beans 

seeds surface was sterilized with 1N bleach 

for three minutes and rinsed by distilled 

water to remove fungal contamination. Ten 

seeds of each bean sown at 1 cm depth in 

each pot and were water daily and under the 

influence of sunlight, seeds were able to 

germinate uniformly in two weeks. Three 

best germinated seedlings of same height 

were left in pot and treated with different 

prepared concentrations of cement pollution. 

Experiment was complete randomized with 

five replicates and pots were rearranged 

weekly to avoid any impact of climatic 

factor includes light and shade. The treated 

seedlings were harvested after seven weeks 

from pots and rinsed by tap water. The root, 

shoot and seedling height and leaves 

numbers were noted. These removed 

seedlings were kept in oven at 80 °C for 24 

hours for the determination of dry weight. A 

tolerance index was determined [19]. 

The physical and chemical analysis of 

treated soil samples after harvesting of 

seedlings was carried out. There were three 

replicates. Maximum water holding capacity 

and Bulk density (g/cubic cm) of soil was 

calculated [20, 21].  Water content was 

noted by the following formulae: 

Water content = weight of soil – weight of 

oven dried soil / weight of oven dried soil X 

10 g soil was added in 50 ml distilled water, 

stirred for half an hour and later on filtered 

it. Soil pH was noted by direct pH reading 

meter (AD 1000 pH/mv and temperature 

meter). Chlorides (meq L-1) were evaluated 

through Mohr’s titration method. Calcium 

carbonate (CaCO3) was determined 

according to method of acid neutralization 

[22]. Organic matter (%) and exchangeable 

(Sodium) Na+ and (Potassium) K+ was 

analyzed according to method of Jackson 

and Richards [23, 24]. Soil electrical 

conductivity (E.C. mS cm-1) was determined 

using conductivity reading meter model 

4510 (England).  

The gathered data were analyzed using 

ANOVA and Duncan Multiple Range Test 

at (p<0.05) with statistical software package 

version 14.0 on computer. 

Results and discussion   
Portland cement treatment responded 

differently for early seedling growth 

characteristics, toxicity and tolerance indices 

of all bean crops and soil properties (Table 

1–5; Fig. 1). Soil pollution due heavy metals 

has been a major quality of environmental 

concern [25]. The variation in seedling 

growth performance are possibly due to 

presence of toxic and heavy metal available 

in the substrate. Cement treatment at various 

levels influenced the seedling growth 

performances of Helianthus annus L [26]. 

The treatment at 1% reduced shoot, leaf 

growth and total plant dry weight of cowpea. 
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An increase in stress conditions at 2% 

significantly decreased leaf size of black 

gram. The treatment by 3% also produced 

statistically significant (p<0.05) impact on 

leaf growth and total seedling dry weight of 

mung bean. The leachate of toxic 

compounds from treated cement sample 

which are comprising on metallic or 

nonmetallic nature might be an important 

reason for reduction in growth and 

development of tested bean. In earlier 

studies the soluble elements of cement were 

also considered main reason for reduction 

in growth of Medicago sativa [27]. The 

highest contents of Calcium, Iron, 

Potassium, Magnesium, Manganese, Sodium 

and Vanadium was found in environment 

around cement factory in Southern Italy 

during cement production [28]. The root dry 

weight for all bean seedling was non-

significantly affected by all treatment. The 

cement kiln exhausts significantly did not 

decrease biomass in Vigna radiata [29].  In 

another study net primary productivity of 

Vigna mungo on exposed parts due to 

cement dust was significantly decreased 

[30]. The disbalance of nutrient contents in 

tissues brought reduction in biomass of 

Picea abies due to cement [31]. The cement 

treatment at 4% showed lowest percentage 

of tolerance index for studied bean. A 

distinct difference in treated soil samples 

characteristics as compared to noncement 

treated sample was noted (Table 4 & 5). The 

treatment of 1% cement treated soil 

increased soil pH, electrical conductivity, 

(CaCO3) and chloride (Cl-) content. The 

cement pollution of 2% significantly 

increased organic matter (%) and 

exchangeable (K+) content in treated soil 

samples. The cement treatment of 3% was 

found sufficient to increase water content in 

soil.

  

Table 1. Seedling growth performance of mung bean (Vigna radiata L. Wilczek) in different 

concentrations of cement dust 

Cement dust concentration (%) 

Growth parameter 0 1 2 3 4 

Root length (cm) 15.80a ± 1.62 15.30a ± 1.68 14.40a ± 1.75 11.60a ± 0.92 11.30a ± 0.73 

Shoot length (cm) 25.06a ± 0.70 19.10a ± 0.74 17.54a ± 0.71 16.90a ±1.28 16.82a ± 0.97 

Seedling length (cm) 40.86c ± 1.81 34.40b ± 1.56 32.79ab ± 5.24 31.15a ± 1.94 23.14a ± 1.59 

Number of leaflets 9.20ab ± 0.73 10.40b ± 0.60 8.00a ± 0.00 8.40a ± 0.67 8.00a ± 0.00 

Leaf area (cm-2) 37.55b ± 3.74 34.04ab ± 3.67 32.79ab ± 5.24 31.15ab ± 1.94 23.14a ± 1.59 

Root dry weight (g) 0.086a ± 0.01 0.072a ± 0.02 0.066a ± 0.04 0.056a ± 0.08 0.036a ± 0.01 

Shoot dry weight (g) 0.120a ± 0.03 0.104a ± 0.02 0.100a ± 0.02 0.088a ± 0.01 0.060a ± 0.01 

Leaf dry weight (g) 0.180b ± 0.01 0.142ab ± 0.02 0.136ab ± 0.02 0.136ab ± 0.02 0.082a ± 0.02 

Total plant dry weight (g) 0.382b ± 0.06 0.318ab ± 0.06 0.302ab ± 0.01 0.290ab ± 0.03 0.178a ± 0.02 

Root / shoot ratio 2.04a ± 1.49 0.065a ± 0.14 0.89a ± 0.28 0.77a ± 0.13 0.69a ± 0.19 

Leaf weight ratio 0.49a ± 0.05 0.66a ± 0.23 0.45a ± 0.09 0.46a ± 0.06 0.50a ± 0.08 

Specific leaf area (cm2g-1) 223.22a ± 45.15 265.68a ±46.20 265.80a ± 59.83 258.45a ± 50.01 281.88a ± 12.98 

Leaf area ratio (cm2g-1) 116.25a ±32.04 118.08a ± 17.42 114.17a ± 24.06 111.60a ± 10.88 141.32a ± 19.70 
Symbol used. ± = Standard Error. Values followed by the same letters in the same column are not significantly 

different (p<0.05) according to Duncan’s Multiple Range Test. 
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Table 2. Seedling growth performance of black gram (Vigna mungo L. Hepper) in different   

concentrations of cement dust 

Cement dust concentration (%) 

Growth parameter 0 1 2 3 4 

Root length (cm) 17.70a ± 1.44 16.72a ± 2.91 15.28a ± 2.91 13.40a ± 1.81 13.40a ± 0.87 

Shoot length (cm) 26.19a ± 1.26 22.34a ± 1.93 21.46a ± 1.46 21.70a ± 2.52 21.40a ± 1.35 

Seedling length (cm) 43.89a ± 2.41 39.06a ± 4.64 36.74a ± 3.29 35.10a ± 3.67 33.80a ± 1.78 

Number of leaflets 16.20c ± 0.58 13.20ab ± 1.82 12.20b ± 1.20 8.40a ± 0.67 8.00a ± 0.00 

Leaf area (cm-2) 41.32a ± 3.17 38.69a ± 9.25 33.34a ± 860 29.43a ± 6.57 25.42a ± 4.16 

Root dry weight (g) 0.098a ± 0.03 0.142a ± 0.04 0.102a ± 0.03 0.098a ± 0.03 0.076a ± 0.00 

Shoot dry weight (g) 0.154a ± 0.01 0.142a ± 0.04 0.102a ± 0.03 0.098a ± 0.02 0.076a ± 0.01 

Leaf dry weight (g) 0.218a ± 0.06 0.166a ± 0.05 0.146a ± 0.04 0.116a ± 0.01 0.112a ± 0.02 

Total plant dry weight (g) 0.470b ± 0.09 0.404ab ± 0.05 0.342ab ± 0.06 0.306ab ± 0.03 0.246a ± 0.03 

Root / shoot ratio 0.610a ± 0.21 0.700a ± 0.41 1.82a ± 1.04 1.82a ± 0.83 0.76a ± 0.19 

Leaf weight ratio 0.43a ± 0.07 0.39a ± 0.13 0.43a ± 0.11 0.40a ± 0.08 0.44a ± 0.04 

Specific leaf area (cm2g-1) 281.92a ± 84.05 63.83a ± 128.41 274.04a ± 68.88 275.12a ± 75.54 268.51a ± 72.99 

Leaf area ratio (cm2g-1) 99.81a ±15.07 94.67a ± 20.60 107.50a ± 29.01 97.08a ± 21.47 113.10a ± 26.24 
Symbol used. ± = Standard Error. Values followed by the same letters in the same column are not significantly 

different (p<0.05) according to Duncan’s Multiple Range Test 

 

Table 3. Seedling growth performance of cowpea (Vigna unguiculata L. Walp) in different 

concentrations of cement dust 

Cement dust concentration (%) 

Growth parameter 0 1 2 3 4 

Root length (cm) 14.700a ± 2.17 14.10a ± 1.76 13.36a ± 1.01 12.60a ± 1.50 11.70a ± 1.05 

Shoot length (cm) 36.80c ± 3.32 31.80bc ± 0.98 28.10ab ± 2.19 26.30ab ± 2.53 23.00a ± 2.30 

Seedling length (cm) 51.50a ± 3.70 45.90a ± 2.15 41.46ab ± 2.84 33.10ab ± 8.24 34.70a ± 2.00 

Number of leaflets 11.00ab± 1.34 14.20b ± 0.37 12.80bc ± 1.11 9.80a ± 0.80 8.60a ± 0.60 

Leaf area (cm-2) 100.20b ± 7.72 73.19a ± 6.03 71.49a ± 6.09 69.58a ± 9.92 58.37a ± 6.12 

Root dry weight (g) 0.080a ± 0.00 0.072a ± 0.01 0.066a ± 0.01 0.064a ± 0.00 0.044a ± 0.01 

Shoot dry weight (g) 0.180b ± 0.01 0.162ab ± 0.01 0.148ab ± 0.01 0.130a ± 0.01 0.128a ± 0.01 

Leaf dry weight (g) 0.168b ± 0.00 0.164b ± 0.01 0.160ab ± 0.00 0.142ab ± 0.01 0.124a ± 0.00 

Total plant dry weight (g) 0.428c ± 0.00 0.398bc ± 0.03 0.374bc ± 0.01 0.336ab ± 0.02 0.296a ± 0.01 

Root / shoot ratio 0.466a ± 0.08 0.426a ± 0.06 0.458a ± 0.09 0.516a ± 0.07 0.344a ± 0.11 

Leaf weight ratio 0.39a ± 0.01 0.41a ± 0.04 0.42a ± 0.02 0.42a ± 0.03 0.42a ± 0.01 

Specific leaf area (cm2g-1) 596.46a ± 43.24 465.46a ± 63.69 459.55a ± 58.55 517.35a ± 87.41 478.72a ± 60.53 

Leaf area ratio (cm2g-1) 234.84a ±19.70 186.41a ± 12.95 191.96a ± 17.54 210.21a ± 26.22 598.93a ±391.50 
Symbol used. ± = Standard Error. Values followed by the same letters in the same column are not significantly 

different (p<0.05) according to Duncan’s Multiple Range Test 

Table 4. Characteristics of garden soil and Portland cement treated soil 

Treatments M.W.H.C. (%) Water content (%) Organic matter (%) B.D. (g cm-3) pH 

Control (0%) 26.98 a  ±  0.04 0.39 a ±  0.17 0.85 a  ±   0.15 1.34 a   ±  0.01 7.40 a  ± 0.35 

1 29.58 a  ±   0.86 0.41 a ±  0.15 1.64ab  ±  0.43 1.32 a   ±  0.00 8.32 b   ± 0.03 

2 26.87a  ±  2.20 0.98 a ±  0.14 2.08b  ±   0.15 1.39 a   ±  0.00 8.56 b   ± 0.07 

3 31.38 a  ±  8.97 1.13 a  ±  0.03 0.70 a   ±  0.20 1.32  a   ±  0.00 8.56 b   ± 0.00 

4 32.12a  ±  1.31 0.68 a  ±  0.24 1.46ab  ±  0.46 1.40 a    ±  0.01 8.49 b    ± 0.00 
Symbol used: M.W.H.C. = Maximum Water Holding Capacity of soil, B.D. = Bulk Density. Statistical 

significance determined by analysis of variance. Number followed by the same letter in the same rows are not 

significantly different, according to Duncan’s Multiple range test at P<0.05 
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Table 5. Chemical characteristics of garden soil (control) and Portland cement treated soil 

Treatments 
EC 

( mS cm-1) 

CaCO3 

(%) 

Cl 

(Meq l-1) 

Exchangeable 

Na (µg-g) 

Exchangeable 

K (µg-g) 

Control (0%) 0.46 a  ± 0.00 34.21 b ±  0.08 7.10 a   ±     0.15 15.14 ab  ± 0.86 9.41 a   ± 1.69 

1 0.66 c  ± 0.00 35.03 c ±  0.08 10.00ab  ±  0.43 13.89 ab  ±  0.00 11.34 ab ± 2.00 

2 0.64 b  ± 0.00 31.94 a ±  0.08 15.50 b  ±    0.15 18.98   b  ±  5.03 15.83 b  ± 0.16 

3 0.64  b  ± 0.00 32.10 a  ± 0.08 24.00 c ±   0.20 6.86   a   ±  2.02 13.18 ab ± 0.48 

4 0.90 d  ± 0.00 32.02 a  ± 0.16 29.50 c  ±  0.50 9.42    a   ±  0.08 14.00 ab   ± 0.67 
Symbol used: E.C. = Electrical Conductivity; Na= Sodium, K= Potassium,  

CaCO3 = Calcium Carbonate, Cl = Chloride. 

Statistical significance determined by analysis of variance. Number followed by the same letter in the same rows are 

not significantly different, according to Duncan’s Multiple range test at P<0.05 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Tolerance indices of V. radiata, V. mungo, V. unguiculata against different levels 

of cement treatment at 1, 2, 3 and 4 (%) 

V. unguiculata 
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Conclusion 

It was concluded from present study that 

treatment of the Portland cement dust 

produced harmful and beneficial impact on 

seedling growth bean crops. The seedling of 

V. unguiculata proved highest tolerance 

(79.59%) to cement pollution at 4% 

treatment.   
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