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1. INTRODUCTION:  
                    Several agrochemicals are used in agriculture for plant protection to increase the yield and improve the quality of 

the harvest. Scheduling insecticide sprays, and studying the impact of the sprays on pollinator behaviour and post-

pollination processes are important aspects of pest management programmes [1-3]. Studies are also being conducted to 

identify microbial consortia for bioremediation of organochlorine insecticides [4]. Pesticide residues have been detected   

in vegetables and   fruits [5], and many pesticides are neurotoxins and need to be used with great caution [6]. Seeds and 

pollen grains can be used as reliable, inexpensive and convenient systems in toxicological assays [7]. Chemical 

pesticides are more harmful than biopesticides and, therefore, it is necessary that tests are conducted to screen pesticides 

for their effect on pollen germination before applying in the fields [8]. In vitro pollen germination and pollen tube growth 

are easy, rapid, sensitive and suitable methods to study the effects of toxic compounds and monitor pollution [9,10]. 

Pollen germination and pollen tube growth can be obtained within a few hours and do not require aseptic conditions. 

Many pollen germination media have been formulated [11]. The inhibition of pollen germination and pollen tube 

elongation in in vitro pollen cultures in presence of toxic substances indicates toxicity at the cellular level. Pollen grains 

have been used in studying the effects of fungicides, herbicides,   insecticides,  pesticides,  pollutants and toxic substances 

[12-23] and in biomonitoring air pollution caused by heavy metals [24]. In the present study the effects of two broad-

spectrum insecticides Indoxacarb and Spinosad, which are commonly used to control major pests of pulse crops, have 

been studied on pollen germination and pollen tube growth of faba bean (Vicia faba Linn.). 
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Abstract: Various agrochemicals need to be used in protecting plants against a variety of pathogens and pests 

in order to obtain good yields. Chemical as well as biopesticide formulations are available. However, the 

agrochemicals can be harmful to the crop plant and the harvest, thus affecting humans and the ecosystem as a 

whole. Therefore, it is necessary to have reliable and simple methods of assaying the toxicity of agrochemicals. 

The pollen is a sensitive system which has been used to study the effects of xenobiotics.   Pollen grains can be 

germinated in vitro in suitable germination media containing the chemical formulation under test. In the present 

study the pollen of Vicia faba has been used as a suitable system to study the effects of two commonly used 

insecticides for pests of pulse crops; namely Indoxacarb, a chemical insecticide, and Spinosad, a biological 

insecticide. The insecticide was incorporated in the simple pollen germination medium (30 % sucrose) at 1:8, 

1:4, 1:2 and 1:1 dilution of the recommended dose. The results show that Indoxacarb and Spinosad inhibit pollen 

germination at all concentrations tested. Indoxacarb inhibited pollen tube elongation at all concentrations tested 

whereas Spinosad did not inhibit pollen tube elongation at 1:8 dilution. Importantly, Spinosad was comparatively 

less inhibitory than Indoxacarb at all concentrations. Being less injurious than chemical formulations, biological 

pesticides should be popularized among farmers. 
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          For selecting two commonly used insecticides for pests of pulse crops the latest available list of insecticides/ 

pesticides registered under section 9 (3) of the Insecticides Act 1968 for use in India (as on 31.10.2019) was consulted. 

Indoxacarb, a chemical insecticide, and Spinosad, a biological insecticide, were easily available in the local seed market 

and were chosen as the two insecticides. Indoxacarb is a carbamate insecticide which paralyses insects and insect larvae 

and kills them in 24 to 60 hours. However, Indoxacarb has a low toxicity and is safe for the natural enemies of insect 

pests. Spinosad is a mixture of spinosyn A and spinosyn B obtained by the fermentation of the soil bacterium 

Saccharopolyspora spinosa, an actinomycete. The nervous system of insects that consume or come in contact with 

Spinosad is affected causing their muscles to flex uncontrollably. The insects are paralysed and die within two days.  

 

2. MATERIALS AND METHODS: 
          Faba bean, fava bean or broad bean (Vicia faba Linn.), an annual legume crop, was the experimental material. 

Sufficient quantity of pollen grains can be collected from the flower buds.  The pollen grains germinate easily in a simple 

germination medium containing only sucrose under ambient room temperature (20-24oC). All experiments were 

conducted using fresh pollen collected from buds picked in the morning and likely to open the same day. Sitting-drop 

pollen cultures were raised on microslides using fresh pollen. The cultures were incubated in Petri dishes lined with 

moist filter paper at room temperature.  

          All sitting drop pollen cultures were scored 90 minutes from culture. The culture drop was made homogenous 

using a needle and a coverslip was lowered. Random non-overlapping microscopic fields were chosen for scoring pollen 

germination and pollen tube lengths.  A pollen grain was considered as germinated only when the length of the pollen 

tube was equal to or more than the long axis of the pollen grain. The technique of micrometry was used to measure 

pollen tube lengths. Pollen tubes that had burst at their tips were not measured. All experiments were repeated at least 

three times and the average values were taken for interpreting the results. 
 
2.1 Effect of different concentrations of sucrose on pollen germination and pollen tube elongation  
          The pollen grains of V. faba were germinated in different concentrations of sucrose (10%, 20% and 30%) solutions 

in order to determine the best suited sucrose concentration. 

 
2.2 Effects of different concentrations of Indoxacarb or Spinosad on pollen germination and pollen tube 

elongation  
          To study the effects of Indoxacarb or Spinosad on pollen germination and pollen tube growth, sitting drop pollen 

cultures were raised in different concentrations of the commercially available Indoxacarb or Spinosad solutions and 

controls were maintained. The concentration of the stock solutions was prepared according to the dose recommended 

for the gram caterpillar Helicoverpa armigera, a common pest of pulse crops (25). The recommended dose for 

Indoxacarb 14.5% SC is 6.5 mL/ 10 L and of Spinosad 45% SC is 3.2 mL/ 10 L (SC stands for suspension concentrate). 

The stock solutions of Indoxacarb and Spinosad were prepared in 30% sucrose. The stock solutions were suitably diluted 

using 30% sucrose to obtain 1:1, 1:2, 1:4 and 1:8 dilutions volume/ volume. The data were collected from 90-min old 

cultures. 

 

3. RESULTS AND DISCUSSION: 

3.1 Effects of sucrose:  
                    The pollen grains of V. faba are produced as monads; the pollen grains are oblong and each pollen grain has two 

germ pores, one each at a pole (Figure 1 A). Two pollen morphs were observed: opaque and non-opaque. Both types of 

pollen grains germinated. Percent pollen germination (Table 1) was highest in 30 % sucrose (78.93 %) and lowest in 

10% sucrose (32.38 %). Pollen tube elongation (Table 1) was highest in 30 % sucrose (234.38 µm) and lowest in 10 % 

sucrose (104.19 µm). The percent pollen germination and pollen tube elongation in 20 % sucrose was intermediate when 

compared to 10 % and 30 % sucrose. Therefore, 30% sucrose was selected as the germination medium in further 

experiments. 
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Table 1: Effect of sucrose concentration on pollen germination and pollen tube elongation 
of Vicia faba. 

 

Medium 

(Sucrose, %) 

Average % pollen germination* Average pollen tube length (µm)** 

10 32.38 104.19 

20 49.37 167.59 

30 78.93 234.38 

                        * Average of four replicates. The total number of pollen grains scored per replicate was from 26 to 297. 

                        ** Average of three replicates based on 120 pollen tube measurements for each medium tested. 

 

3.2 Effects of Indoxacarb: 
               Indoxacarb inhibited pollen germination and pollen tube elongation in all concentrations tested and the percent 

inhibition increased as the concentration increased (Figure 1). The inhibition of pollen germination was 40.84 % in 1:8 

dilution of Indoxacarb and 90.78 % in 1:1 dilution of Indoxacarb (Table 2). The inhibition of pollen tube elongation was 

21.68 % in 1:8 dilution of Indoxacarb and 46.78 % in 1:1 dilution of Indoxacarb (Table 3). However, in 1:1 dilution of 

Indoxacarb, the number of germinated pollen grains in a sitting drop was few; only 6 to 15. In case of 1:2 dilution of 

Indoxacarb, out of the 6 drops one drop had only 16 germinated pollen grains whereas in the remaining drops at least 

20 germinated pollen grains were available for collection of data. Several pollen grains showed one papilla in 1:1 and 

1:2 dilutions of Indoxacarb. 

                    The results clearly show that Indoxacarb inhibited pollen tube formation and that is why several pollen grains 

showed a single papilla in 1:1 and 1:2 dilutions of Indoxacarb. Such pollen grains would not be able to germinate in the 

time interval studied (90 minutes from incubation). It is likely that Indoxacarb inhibits the formation of Golgi vesicles 

or fusion of Golgi vesicles or both, which are required for pollen tube formation and elongation. 

 

Table 2: Effects of Indoxacarb and Spinosad on pollen germination of Vicia faba. 

Medium Indoxacarb Spinosad 

 Average % pollen 

germination* 

% Inhibition 

of pollen 

germination 

Average % 

pollen 

germination** 

% Inhibition of 

pollen 

germination 

30% sucrose 71.45 0 63.96 0 

1:8 dilution 42.27 40.84 48.27 24.53 

1:4 dilution 35.37 50.50 38.31 40.10 

1:2 dilution 14.72 79.40 47.51 25.72 

1:1 dilution 6.59 90.78 40.37 36.88 
                    *Average of four replicates. The total number of pollen grains scored per replicate was from 114 to 490. 

                    **Average of six replicates. The total number of pollen grains scored per replicate was from 195 to 872. 

 

Table 3: Effects of Indoxacarb and Spinosad on pollen tube elongation of Vicia faba. 

  Medium Indoxacarb Spinosad 

 Average pollen 

tube length (µm)* 

% Inhibition 

of pollen tube 

elongation 

Average 

pollen tube 

length (µm)** 

% Inhibition of 

pollen tube 

elongation 

30% sucrose 149.03 0 110.65 0 

1:8 dilution 116.72 21.68 115.24 NA 

1:4 dilution 94.87 36.34 96.46 12.82 

1:2 dilution 88.80 40.41 89.48 19.13 

1:1 dilution 79.32 46.78 80.54 27.21 
                      * Average of three replicates based on 120 pollen tube measurements for each medium tested. 

                      **Average of five replicates based on 200 pollen tube measurements for each medium tested. 

                    NA: Not applicable 
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3.3 Effects of Spinosad: 
          Spinosad inhibited pollen germination in all concentrations tested (Table 2, Figure 2). However, in 1:8 and 1:2 

dilutions the percent inhibition was nearly the same. Similarly, the percent inhibition in 1:4 and 1:1 dilutions was similar. 

Therefore, with increase in concentration there was no trend in increase of percent inhibition. At 1:8 dilution Spinosad 

did not inhibit pollen tube elongation (Table 3). The percent inhibition of pollen tube elongation increased as the 

concentration of Spinosad was increased from 1:4 to 1:1 dilution. In 1:1 and 1:2 dilutions of Spinosad several pollen 

grains showed one papilla. However, each sitting drop culture had sufficient germinated pollen grains with intact pollen 

tube tips. 

 
 

 

 

  

  

 

Figure 1: Effects of Indoxacarb on pollen germination and pollen tube elongation of Vicia faba. All are 

representative photographs of 90-min-old cultures. A. Control in 30 % sucrose; B to E: In Indoxacarb at 

1:8, 1:4, 1:2 and 1:1 dilution, respectively. 
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 3.4 Comparison of the effects of Indoxacarb and Spinosad: 
           At 1:4 dilution inhibition of pollen germination caused by Indoxacarb and Spinosad was 50.5% and 40.1%, 

respectively (Table 2, Figure 3). At 1:1 dilution the inhibition of pollen germination by Indoxacarb was 90.78% whereas 

the inhibition by Spinosad was only 36.88%. The inhibition of pollen tube elongation by Indoxacarb and Spinosad were 

46.78% and 27.21%, respectively, at 1:1 dilution (Table 3; Figure 4).  This showed that Spinosad was less inhibitory 

than Indoxacarb on the pollen system studied. However, Spinosad has been shown to have high toxicity against the pulse 

beetle [26]. Our results are somewhat similar to those of Mehri et al. [27,28] who studied the effect of Bactospeine, a 

microbial pesticide obtained from Bacillus thuringiensis subsp. kurstaki on three cultivars of olive pollen.  Addition of 

Bactospeine to the pollen germination medium did not have any inhibitory effect in a cultivar of olive and increased 

percent pollen germination in two cultivars of olive; pollen tube elongation was enhanced in the presence of Bactospeine 

in all the three olive cultivars. Similarly, it was shown by Padilla et al. (2017) that biological pesticides do not affect 

pollen germination in tree tomato (Solanum betaceum) whereas chemical pesticides inhibited pollen germination. 

 

   

 

 

  

 

Figure 2: Effects of Spinosad on pollen germination and pollen tube elongation of Vicia faba. All are 

representative photographs of 90-min-old cultures. A. Control in 30 % sucrose; B to E: In Spinosad at 

1:8, 1:4, 1:2 and 1:1 dilution, respectively. 
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Figure 3: Effects of Indoxacarb and Spinosad on pollen germination. 

 

 
 

 
Figure 4: Effects of Indoxacarb and Spinosad on pollen tube elongation. 

 

4. CONCLUSIONS: 
          Indoxacarb is more inhibitory than Spinosad with reference to pollen germination as well as pollen tube 

elongation. This can be explained based on the fact that Indoxacarb is a synthetic insecticide whereas Spinosad is a 

biological insecticide. However, it is also important to note that the insecticides are sprayed when the crop has started 

to set fruit and will not affect pollination and fertilization.   Nevertheless, the inhibitory effects of diluted Indoxacarb 

and Spinosad show that we must exercise caution while using insecticides in general and synthetic insecticides in 

particular, especially because most legume crops are used as fodder or mulch. Also, the pesticide residues are likely to 

be present in the harvested part, be it the vegetable, fruit or seed. 

 

Red: Indoxacarb 

Blue: Spinosad 
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