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Abstract 
  Metropolitan regions have substantially higher concentrations of widely dispersed pollutants, 

according to studies on environmental pollution. A gametophyte, a pollen grain, demonstrates a deviation 

from its regular physiological functioning and is very sensitive to its environment. According to our report, 

these characteristics of pollen grains can be used as a method to track the status of environmental pollution. 

In this investigation, two site, such as treatment (near highway) and control (far away from highway) were 

selected for the sampling of five crop plants that were common at both sides. In the evaluation it was found 

that Glycine max was the most susceptible plant to the contaminants when compared with the control. It 

showed drastic negative effects in the pollen viability (in both stain) and in vitro pollen germination. While, 

pollen-ovule ration was decreased in Cajanus cajan from treatment site in comparison to control site. 
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1. Introduction 
Environmental pollutants like nitrogen oxides, ozone, sulphur dioxide, and particulate matter (PM) 

are increasing in the atmosphere during the Anthropocene as a result of human activity such as burning or 

driving. These environmental pollutants may intensify oxidative stress and metabolic changes of allergens in 

organisms [1]. Pollutants in the air can affect pollen in a number of ways, including by changing its surface's 

physical and chemical properties, damaging its wall, and releasing allergens into the environment. They can 

also have an impact on pollen's reproductive and biological processes by reducing pollen fertility or 

changing its allergenic potential, which raises health risks [2, 3].  
 

Pollutants in the atmosphere may have an immediate impact on sexual function and reduce pollen 

grain viability and germination. It demonstrates a change in the physicochemical properties of the pollen 

surface [4]. After exposure to SO2 and NO2, Sousa et al. [5] discovered that pollen germination was 

negatively impacted; this also had an impact on plant reproduction. The viability and germination 

experiments revealed that the freshly gathered pollen material lost its biological and reproductive function in 

an industrial and high-traffic road zone [2]. 

In this investigation, it was hypothesized that the differential pollution status at the sampling site may result 

in the alteration in magnitude of pollen physiological parameters under the study. 
 

2. Materials and Methods 

2.1 Sampling Site 

The study area i.e. Amravati taluka was surveyed and observed based on the exposure of the agricultural 

land to the highways. In this context, National Highway (NH) 53 passing through the study area was 

selected. Two different sampling sites were selected. The location of the study area is provided in Fig. 1 

(treatment site) and Fig. 2 (control site). The site nearer to the highway was treated as treatment site and a 

site far form highway was treated as control site. 
 

2.2 Plant Material 

Those crop plants that are commonly available in selected sites of the agriculture field were considered 

for the study. These plants along with their common and scientific name are given in Table 1. 
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2.3 Effect of Environmental Contaminants on Pollen Physiology 

2.3.1 Pollen Viability 

For testing and comparing the pollen viability, samples were collected from both the sampling sites. 

The Acetocarmine and TTC (Triphenyl Tetrazolium Chloride) staining techniques were utilized [6, 7] with 

required modified protocols. 
 

2.3.2 In vitro Pollen Germination 

The collected pollen samples from both the sites were assessed for in vitro percentages of pollen 

germination. Pollen germination was achieved by sitting drop culture [8]. 
 

2.3.3 Pollen–Ovule Ratio 

The pollen-ovule ratio of the selected crop plants form both sampling sites was evaluated [8, 9, 10].  

The experiments were repeated three times and the means values thus obtained are reported. Appropriate 

statistical methods are used to present the replication data. 
 

3. Results and Discussion 

The comparative assessment of the pollen viability in the plants collected from both sides showed that 

pollen viability was much reduced in the plants collected from treatment site as compared to the plants 

collected from the control site. The overall trend of decreasing viability was common in all plants without 

any exception. In this study, the maximum pollen viability was observed in the Cajanus cajan (89.41 ± 2.37) 

from control site in acetocarmine stain. While, the minimum pollen viability was observed in the Gossypium 

herbaceum (51.26 ± 9.43) from treatment site in TTC stain (Figure 3 and Figure 4).  
 

The pollen germination percentage was affected negatively in the plants collected from treatment site as 

compared to the plants collected from the control site. The overall trend of decrease in pollen germination 

was common in all plants without any exception. In this study, the maximum pollen germination was 

observed in the Glycine max (97.35 ± 3.86) from control site. While, the minimum pollen germination was 

observed in the Triticum aestivum (54.53 ± 4.36) from the treatment site (Table 2 and Table 3).  
 

In this investigation, while comparing the pollen-ovule ratio of the plants from both sites a considerable 

difference was observed. The results obtained for the comparative assessment made on pollen-ovule ratio 

selected plants showed reduction in the mean values of pollen-ovule ratio in treatment site as compared to 

the control site. The reduced values from treatment site are outcome of reduced number of pollen production 

while comparatively less reduction in the ovule number. The overall trend of decrease in pollen-ovule ratio 

was common in all plants without any exception. In this study, the maximum pollen-ovule ratio was 

observed in the Triticum aestivum (8346.57 ± 832.41) from control site. While, minimum ratio was obtained 

in the Cicer arietinum (948.52 ± 92.46) from treatment site (Figure 5).  
 

Similarly, Talukdar et al. [4] investigated into the impact of air pollution on plants. In polluted and non-

polluted sites, the pollen germination of every tested species differed noticeably. Similarly, in Ambrosia 

artemisiifolia Pasqualini et al. [11] found lower pollen viability following O3 fumigation, which suggests 

harm to the pollen membrane system. The pollen of Betula pendula, Ostrya carpinifolia, and Carpinus 

betulus were treated to two amounts of NO2 in vitro for the study by Cuinica et al. [12]. When compared to 

pollen samples that were not exposed to NO2, all of the exposed pollen samples dramatically decreased in 

viability, germination, and total soluble proteins. According to Sousa et al. [5], it was confirmed that pollen 

exposed to pollution had a lower germination rate than pollen not exposed to pollution. This effect was 

particularly noticeable for samples exposed to NO2. Viability, germination, and tube length were examined 

in pollen grains from field-grown 'Summerred' apple trees by Bellani et al. [13]. With lower pH values and 

more treatments, it was shown that pollen viability and germination significantly declined. 
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Figure 1 Location of the Experimental or Treatment Sampling Site (White Circle) within the Study Area. 

 
 

Figure 2 Location of the Control (Without Treatment) Sampling Site (Yellow Circle) Within the Study 

Area. 
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Table 1 The Selected Crop Plants Common at Both Sampling Sites. 

Sr. No. Common name Scientific name Family 

1 Toor / Arhar Cajanus cajan (L.) Millsp. Fabaceae 

2 Chana Cicer arietinum L. Fabaceae 

3 Cotton Gossypium herbaceum L. Malvaceae 

4 Soyabean Glycine max (L.) Merr. Fabaceae 

5 Wheat  Triticum aestivum L. Poaceae 

 

Figure 3 Comparison Between Mean Percent of Pollen Viability in Selected Plants from Both Site 

(Treatment and Control) in Acetocarmine Stain. 

 
 

Figure 4 Comparison Between Mean Percent of Pollen Viability in Selected Plants from Both Site 

(Treatment and Control) in TTC Stain. 
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Table 2 Estimation of In Vitro Pollen Germination in Selected Plants from Treatment Site. 

Sr. 

No. 

Name of the 

plant 
Germination media 

Time of 

Observation 

Mean % of pollen 

germination 

(Mean±SD)* 

1 Cajanus cajan  
12.5% Sucrose + 100 mg/l Boric acid 

+ 150 mg/l CaNO3 + 8% PEG 4000 
10 min 59.43 ± 5.19 

2 
Cicer 

arietinum  

10% Sucrose + 100 mg/l Boric acid + 

200 mg/l CaNO3 + 10% PEG 4000 + 

100 mg/l MgSO4 

15 min 69.39 ± 6.01 

3 
Gossypium 

herbaceum  

30% Sucrose + 150 mg/l Boric Acid + 

50 mg/l KNO3 + 150 CaNO3 + 15% 

PEG 4000 

25 min 80.07 ± 7.78 

4 Glycine max  
7.5% Sucrose + 50 mg/l Boric Acid + 

50 mg/l CaNO3 + 0.5% Agar 
10 min 63.87 ± 6.51 

5 
Triticum 

aestivum  

25% Maltose + 100 mg/l Boric Acid + 

100 mg/l CaNO3 + 15% PEG 4000 + 

50 mg/l MgSO4 

20 min 54.53 ± 4.36 

 

Table 3 Estimation of In Vitro Pollen Germination in Selected Plants from Control Site. 

Sr. 

No. 

Name of the 

plant 
Germination media 

Time of 

Observation 

Mean % of pollen 

germination 

(Mean±SD)* 

1 Cajanus cajan  
12.5% Sucrose + 100 mg/l Boric acid + 

150 mg/l CaNO3 + 8% PEG 4000 
10 min 88.17 ± 3.29 

2 
Cicer 

arietinum  

10% Sucrose + 100 mg/l Boric acid + 200 

mg/l CaNO3 + 10% PEG 4000 + 100 

mg/l MgSO4 

15 min 96.81 ± 4.11 

3 
Gossypium 

herbaceum  

30% Sucrose + 150 mg/l Boric Acid + 50 

mg/l KNO3 + 150 CaNO3 + 15% PEG 

4000 

25 min 92.56 ± 4.73 

4 Glycine max  
7.5% Sucrose + 50 mg/l Boric Acid + 50 

mg/l CaNO3 + 0.5% Agar 
10 min 97.35 ± 3.86 

5 
Triticum 

aestivum  

25% Maltose + 100 mg/l Boric Acid + 

100 mg/l CaNO3 + 15% PEG 4000 + 50 

mg/l MgSO4 

20 min 85.72 ± 2.64 

Figure 5 Comparison between Mean Values of Pollen – Ovule Ratio in Selected Plants from Both Site 

(Treatment and Control). 
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4. Conclusion 
In light of the above observations and results it was concluded that the pollution status of both sampling sites 

have strong influence on the pollen physiological properties. The pollution level at the treatment site was 

more harmful and had lead to the decreased vigor of the pollen. The pollen grains of all studied plants were 

vulnerable to present level of pollution at treatment site than that present at control site. Further, more 

research is required to utilize this behavior of the pollen grains to act as pollution bioindicator. 
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