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ABSTRACT. Legume cultivation is a strategic agricultural sector that improves soil fertility through 

biological nitrogen fixation in sustainable farming systems. The symbiosis between legumes and Rhizobium 

species is central to this process. However, pesticides widely used in modern agriculture, particularly those 

applied to seeds and soil, are known to impair this symbiosis and the soil microbiota. Although soil 

microorganisms can sometimes degrade pesticides into harmless compounds, pesticides can also reduce the 

viability and activity of beneficial microorganisms. Few studies have addressed the effects of soil-applied 

pesticides on the survival of Rhizobium bacteria, nodule formation, and symbiotic nitrogen fixation. The 

aim of this study was to determine the effects of two commonly used herbicides on plant growth, nodulation, 

and soil biological properties in a common bean (Phaseolus vulgaris L.) cultivar. The experiment was 

conducted under controlled greenhouse conditions in pots containing 4 kg of soil (oven-dry basis). Two 

soil-applied herbicides widely used in agriculture, Bonaflan and Fist Gold, were tested. After basal 

fertilization and herbicide application, surface-sterilized dry bean seeds were sown either inoculated or non-

inoculated with Rhizobium gallicum. Plants were harvested after flowering, and morphological, 

physiological, and microbiological parameters were evaluated. Shoot and root length, shoot and root fresh 

weight, and shoot and root dry weight were measured as growth parameters; nodule number and nodule 

weight were determined as nodulation parameters; and nitrogen content was analyzed in shoot and root 

tissues. Soil biological properties were assessed by measuring soil respiration and the activities of 

dehydrogenase, urease, alkaline phosphatase, and arylsulfatase. Herbicides applied at the recommended 

doses had statistically significant effects on some growth and nodulation parameters of the dry bean 

cultivar. The herbicides also significantly affected soil enzyme activities, which are biological indicators 

of soil microbial activity. These results indicate that agricultural pesticides affect not only target organisms 

but also the microbial balance of the soil ecosystem and plant–microorganism interactions, which should 

therefore be carefully evaluated. 
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INTRODUCTION 

Legumes are often inoculated with Rhizobium bacteria at sowing to improve 

nodulation and nitrogen fixation. The effects of pesticides on Rhizobium bacteria, which 

form a symbiotic relationship with legumes, have important implications for agricultural 

productivity. Pesticides may not be compatible with microbial inoculants, because most 

of them also affect non-target organisms. In addition, pesticides can disrupt the 

metabolism of soil microorganisms. The accumulation of fungicides, insecticides, and 

herbicides in soil generally causes only minor changes in the microbial environment; 
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however, more pronounced changes may occur when pesticides are applied frequently 

and in large quantities [1, 2]. Bacteria of the genus Rhizobium play an important role in 

agriculture because they form symbioses with legumes, fix atmospheric nitrogen, and 

thereby enhance soil fertility [3]. This ability of nitrogen-fixing bacteria has been 

exploited in the field to meet crop nitrogen requirements, and it offers an alternative to 

nitrogen fertilizers, whose excessive use harms the environment [4]. 

Herbicides interfere with the biochemical and physiological processes of weeds, 

killing them or substantially delaying their growth [5, 6]. Their effects on soil 

microorganisms, including nitrifying bacteria, may be harmful, beneficial, or neutral, 

depending on numerous environmental factors [7]. Adverse effects are particularly likely 

in microorganisms that share biosynthetic pathways with the target plants [8]. Applying 

herbicides such as bromoxynil and paraquat at doses above the recommended rate has 

been reported to markedly inhibit plant growth, nodule formation, and symbiotic nitrogen 

fixation in Vicia faba [9]. Singh and Wright [10] reported that several pre- and post-

emergence herbicides had dose-dependent inhibitory effects on nodulation, nitrogen 

fixation, photosynthetic capacity, and yield of Pisum sativum L. grown under nitrogen-

deficient conditions. Abd-Alla et al. [11] reported that various pesticides adversely 

affected plant growth, nodule formation, and arbuscular mycorrhizal colonization in 

legumes. Dığrak and Kazanıcı [12] found that organophosphorus insecticides generally 

had no adverse effect on the soil microbiota, although isofenphos increased the total 

bacterial count. Araújo et al. [13] reported that glyphosate increased microbial activity in 

soil, with increases in actinomycete and fungal populations and a slight decrease in 

bacterial counts. 

Taylor [14] evaluated the effects of various herbicides on nitrogen fixation in pea 

(Pisum sativum L.) and chickpea (Cicer arietinum L.) and showed that the reduction in 

nitrogen fixation resulted not from a direct effect of the herbicides on Rhizobium bacteria 

but from a temporary suppression of plant growth. Aurelia [15] investigated the effects 

of the pesticides Decis, Bavistin, and SDMA applied at recommended doses on soil 

microorganisms and concluded that Decis increased the total number of viable bacteria, 

whereas Bavistin and SDMA did not inhibit the microbial population. Datta et al. [16] 

reported that isoxaflutole generally had negative effects on plant growth and symbiotic 

nitrogen fixation in chickpea cultivars. Ahemad and Khan [17] reported that pyriproxyfen 

caused dose-dependent negative effects on growth, nodulation, and nutrient uptake in 

Pisum sativum, and that inoculation with strain MRP1 significantly alleviated these 

effects. Kunal and Sharma [18] reported that Captan was highly toxic to Mesorhizobium 

ciceri; however, pesticides used at recommended doses neither disrupted the symbiosis 

with chickpea nor reduced yield. 

Adhikary et al. [19] investigated the effects of three herbicides commonly used in India 

(pendimethalin, oxyfluorfen, and propaquizafop) on soil microbial populations in 

transplanted chili and found that the herbicides significantly inhibited soil microbial 

populations, depending on the herbicide type. Kurrey et al. [20] noted that certain 

herbicide–insecticide combinations may increase yield and leaf area index in soybean but 

can also inhibit Rhizobium populations. Simarmata et al. [21] reported that residues of a 

herbicide mixture of atrazine and mesotrione applied at different ratios had long-term, 

dose-dependent negative effects on legumes and soil microorganisms, decreasing dry 

biomass and markedly reducing the number of colony-forming microorganisms. Sevilmiş 

and Sevilmiş [22] chronologically reviewed international studies on the effects of 

different herbicides and application rates on nodule formation, root development, 
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nitrogenase activity, and yield, and emphasized that herbicides generally reduce nitrogen 

fixation, although this effect varies with plant species, environmental conditions, and the 

tolerance of Rhizobium strains. 

Kumar et al. [23] evaluated the effects of four organophosphate pesticides on soil 

microorganisms and plant growth-promoting rhizobacteria. The adverse effects of the 

pesticides applied in combination were greater than those of the individual pesticides, and 

the overall order of toxicity was phorate > acephate > monocrotophos > glyphosate. 

Rodrigues et al. [24] reported that the pesticide StandakTop® reduced the viability of a 

Bradyrhizobium elkanii strain and nitrogen accumulation under field conditions. Zargari 

et al. [25] reported that trifluralin and imazethapyr inhibited chickpea growth and nitrogen 

fixation, whereas pyridate supported growth but limited symbiotic activity. Sah [26] 

reported that pendimethalin increased chickpea growth and yield, controlled weeds 

effectively, and caused minimal harm to the soil microbiota, whereas imazethapyr 

markedly reduced Rhizobium populations and nodule numbers. Pertile et al. [27] reported 

that the combined application of flumioxazin and imazethapyr inhibited early nodulation, 

nitrogen accumulation, and biochemical parameters in soybean. Pesticides have also been 

reported to reduce the growth and survival of rhizobia, nodulation, and the symbiotic 

efficiency of legume–rhizobia associations [28, 29]. 

In this study, two commonly used herbicides, Bonaflan (pre-emergence) and Fist Gold 

(post-emergence), were applied to a clay loam soil sown with bean seeds inoculated or 

non-inoculated with Rhizobium. The effects of these soil-applied herbicides on yield 

components, shoot and root nitrogen contents, nodulation, and selected soil biological 

properties of the bean cultivar were investigated. 

MATERIALS AND METHODS 

The study was conducted in a computer-controlled greenhouse (temperature 25±3°C, 

solar radiation 1750±50 kcal m⁻², relative humidity 60±10%) in a randomized block 

design with four replications. Basal fertilization was applied according to the nutrient 

status of the soil [200 mg N/kg (urea), 80 mg P/kg (TSP), 150 mg K/kg (K₂SO₄), 100 mg 

Mg/kg (MgSO₄), 6 mg Fe/kg (FeSO₄·7H₂O), 4 mg Zn/kg (ZnSO₄·7H₂O), 4 mg Mn/kg 

(MnSO₄), 1.5 mg B/kg (H₃BO₃)]. The bacterial culture was grown under sterile conditions 

on Yeast Mannitol Agar (YMA) and in Yeast Mannitol Broth (YMB). Bean seeds were 

surface-sterilized with 0.5% sodium hypochlorite solution and sown in pots containing 4 

kg of soil (oven-dry basis), either inoculated with Rhizobium gallicum (1×10⁸ CFU/ml in 

YMB) or non-inoculated. The herbicides were applied to the soil at their recommended 

doses: Bonaflan (pre-emergence) at 250 g/ha before sowing and Fist Gold (post-

emergence) at 300 ml/ha three days after sowing. Plants were harvested at the flowering 

stage, and shoot and root length, shoot and root fresh and dry weights, nodule number 

and weight, and shoot and root nitrogen contents were determined. After harvest, soil 

samples were collected from the pots to determine soil respiration [30] and the activities 

of dehydrogenase [31], urease [32], alkaline phosphatase [33], and arylsulfatase [34]. 

Selected physical and chemical properties of the experimental soil are presented in Table 

1. 
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Table 1. Physical and chemical properties of the soil used in the experiment 

Parameters Units Results Method 

Texture  Clay loam Bouyoucos [35] 

pH (1:2.5, soil:water)  7.75 Richards [36] 

EC (1:5, soil:water) μS/cm 130 Richards [36] 

O.M. % 
 

0.75 Smith and Weldon [37] 

Lime 30 Hızalan and Ünal [38] 

N (NH₄-N + NO₃-N) mgkg-1 

 

17 Bremner [39] 

P (available) 9.6 Olsen et al. [40] 

K  
mgkg-1 

(extractable) 

236 

Soltanpour and Workman [41] Ca  7400 

Mg  168 

Fe  

mgkg-1 

(available) 

1.78 

Lindsay and Norvell [42] 
Zn  0.16 

Mn  6.60 

Cu  1.3 

B 
mgkg-1 

 
0.38 Richards [36] 

Statistical Analyses 

Data from the greenhouse experiment (randomized block design with four 

replications) were subjected to analysis of variance using MINITAB-19 statistical 

software, and the means of parameters with significant F-tests were compared using 

Duncan's multiple range test. 

RESULTS AND DISCUSSION 

Plant Growth and Nodulation Parameters 

Rhizobium gallicum inoculation under different herbicide treatments had no 

statistically significant effect on plant height, although some notable trends were 

observed. Plant height ranged from 25.75 to 28.75 cm across treatments. The tallest plants 

were recorded in pots inoculated with Rhizobium gallicum without herbicide application. 

Although this difference was not significant, it suggests that symbiotic nitrogen fixation 

provided by inoculation, together with the absence of chemical inputs, favored plant 

growth. Plant height was generally lower in herbicide-treated pots, suggesting that the 

herbicides may have inhibited plant growth. Herbicides are frequently reported to limit 

plant growth either directly, by affecting plant metabolism, or indirectly, by influencing 

microbial activity in the rhizosphere. Thus, although the interaction between herbicide 

application and Rhizobium inoculation was not significant for plant height, the observed 

trends indicate that herbicides may act as a stress factor for plant growth and that bacterial 

inoculation can partly counteract this effect. Kurrey et al. [20] reported that certain 

herbicide–insecticide combinations increased soybean yield and economic returns but 
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could suppress Rhizobium populations. Gawęda et al. [43] reported that the combined 

application of herbicides and a biostimulant increased soybean seed yield and quality, 

particularly under stressful environmental conditions. 

 

Fig. 1. Effects of Rhizobium gallicum inoculation under herbicide applications on plant 

height of PV12 × Alberto bean (Phaseolus vulgaris L.) 

Bacterial inoculation did not significantly affect root length, which generally ranged 

from 20.10 to 22.40 cm. Thus, inoculation alone or in combination with herbicides did 

not significantly affect root development. The longest roots were measured in non-

inoculated plants treated with Fist Gold, suggesting that some herbicides may not impair, 

and may even stimulate, root development at low doses or under specific conditions. In 

contrast, the shortest roots were observed in the control (neither inoculation nor 

herbicide), indicating that root development may remain limited when neither herbicide 

nor inoculant is applied. Although the effects of inoculation and herbicides on root length 

were not significant, certain combinations appear to have the potential to support root 

development; therefore, further studies are needed to evaluate the long-term effects of 

these applications and their performance under different environmental conditions. 

Ahemad and Khan [44] reported that Bradyrhizobium sp. strain MRM6 retained its plant 

growth-promoting traits under herbicide stress and could be used as a biofertilizer and 

bioremediation agent. Ahemad and Khan [17] reported that the insecticides fipronil and 

pyriproxyfen were toxic to the growth, symbiotic activity, and yield of pea, but that 

inoculation with the plant growth-promoting strain MRP1 significantly alleviated these 

adverse effects. 
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Fig. 2. Effects of Rhizobium gallicum inoculation under herbicide applications on root 

length of PV12 × Alberto bean (Phaseolus vulgaris L.) 

The effects of Bonaflan and Fist Gold applications and bacterial inoculation on the 

shoot fresh weight of bean were significant (p<0.01). The highest shoot fresh weight 

(30.52 g) was recorded in plants that were inoculated but not treated with herbicide, 

indicating that inoculation promoted plant growth and that this effect was more 

pronounced in the absence of herbicides. The lowest value (21.65 g) was measured in the 

control, which received neither inoculation nor herbicide. Overall, the findings show that 

bacterial inoculation had a positive effect on plant biomass, particularly when no 

herbicide was applied. 

 

Fig. 3. Effects of Rhizobium gallicum inoculation under herbicide applications on shoot 

fresh weight of PV12 × Alberto bean (Phaseolus vulgaris L.) 

Herbicide applications and Rhizobium inoculation had highly significant effects on 

shoot dry weight (p<0.01), indicating that both factors influenced plant biomass. The 

highest shoot dry weight (4.53 g) was obtained from plants inoculated with Rhizobium 

without herbicide application, suggesting that Rhizobium promoted plant growth through 

nitrogen fixation and that this effect was more pronounced in the absence of herbicide 

stress. The lowest shoot dry weight was observed in the complete control, which received 

neither herbicide nor inoculation. 
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Fig. 4. Effects of Rhizobium gallicum inoculation under herbicide applications on shoot 

dry weight of PV12 × Alberto bean (Phaseolus vulgaris L.) 

Bacterial inoculation and herbicide applications, alone and in combination, had highly 

significant effects on root fresh weight (p<0.01). The lowest root fresh weight was 

recorded in the control plants, which received neither inoculation nor herbicide, whereas 

the highest value was found in plants that were inoculated but not treated with herbicide. 

These data indicate that bacterial inoculation increased the root fresh weight of bean, 

whereas the effect of herbicides may vary with the herbicide type and its interaction with 

the bacteria. 

 

Fig. 5. Effects of Rhizobium gallicum inoculation under herbicide applications on root 

fresh weight of PV12 × Alberto bean (Phaseolus vulgaris L.) 

Bacterial inoculation and herbicide applications, alone and in combination, 

significantly affected root dry weight (p<0.01), which ranged from 1.22 to 1.61 g 

depending on the treatment. The lowest root dry weight was recorded in plants receiving 

both bacterial inoculation and Fist Gold. This suggests that combining this herbicide with 

inoculation may reduce root dry matter accumulation, probably because of the inhibitory 

effect of the herbicide on microbial populations. These findings show that both biotic 
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(bacterial) and abiotic (herbicide) factors play important roles in root development and 

interact to shape plant performance. In sustainable agriculture, potential adverse 

interactions should be considered when beneficial microorganisms are applied together 

with certain herbicides. 

 

Fig. 6. Effects of Rhizobium gallicum inoculation under herbicide applications on root 

dry weight of PV12 × Alberto bean (Phaseolus vulgaris L.) 

Herbicide applications and bacterial inoculation, alone and in combination, 

significantly affected nodule number (p<0.01), indicating that both Rhizobium 

inoculation and herbicides had a decisive effect on symbiotic nodule formation. Fist Gold 

is a commercial herbicide of the acetolactate synthase (ALS) inhibitor class, which 

disrupts the synthesis of branched-chain amino acids in plants by inhibiting the ALS 

enzyme. Importantly, this enzyme is also present in many Rhizobium strains. Because the 

herbicide targets a shared metabolic pathway, its application raises concerns about 

potential adverse effects on both the growth of the host plant and the symbiotic bacteria 

responsible for nodulation and nitrogen fixation [14]. 

The highest nodule number (84.25 nodules) was recorded in plants that were 

inoculated but not treated with herbicide. This result demonstrates the symbiotic 

effectiveness of the inoculant and indicates that the plant–Rhizobium interaction was 

greatest in the absence of herbicides. Nodule numbers decreased markedly when 

inoculation was combined with herbicide application. The lowest nodule number (mean 

19.75) was found in inoculated plants treated with Fist Gold, followed by inoculated 

plants treated with Bonaflan (mean 41.75). These results indicate that both herbicides 

impaired symbiotic nodulation, with Fist Gold having the stronger effect. 

Bacterial inoculation was essential for nodule formation, whereas herbicide 

applications inhibited the symbiotic interaction. In many cases, herbicide-induced 

inhibition of nodulation is linked indirectly to a reduced allocation of photosynthates to 

the roots rather than to a direct toxic effect on Rhizobium [14]. Nodule weight also 

differed significantly among treatments (p<0.01), showing that both herbicides and 

inoculation significantly affected nodule development. 
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Fig. 7. Effects of Rhizobium gallicum inoculation under herbicide applications on 

nodule number of PV12 × Alberto bean (Phaseolus vulgaris L.) 

The highest nodule weight (0.91 g) was observed in plants that were inoculated but 

not treated with herbicide, whereas nodule weight decreased markedly when inoculation 

was combined with herbicide application. The lowest mean nodule weight (0.24 g) was 

recorded in inoculated plants treated with Fist Gold, followed by those treated with 

Bonaflan (0.48 g). These data indicate that both herbicides impaired nodule development, 

with Fist Gold having the more pronounced inhibitory effect. Paniagua-López et al. [45] 

showed that herbicides such as pendimethalin can severely inhibit nodulation and impair 

nitrogen fixation in bean, with pendimethalin drastically inhibiting nodulation and 

reducing bacterial motility. 

Overall, bacterial inoculation increased nodule weight, whereas herbicide applications 

markedly reduced this positive effect, with Fist Gold having the more negative impact on 

symbiotic nitrogen fixation. Pertile et al. [27] investigated single and combined 

applications of flumioxazin and imazethapyr on early nodulation and biological nitrogen 

fixation (BNF) in the soybean rhizosphere in different soils and found that the herbicides 

suppressed glutamine synthetase (GS) activity and leghemoglobin content only when 

applied as a mixture, which could impair the early stages of the symbiosis with native 

rhizobia. Singh and Wright [10] demonstrated adverse effects of pre-emergence 

(terbutryn/terbuthylazine, trietazine/simazine, prometryn) and post-emergence 

(bentazon) herbicides on nodulation, symbiotic nitrogen fixation, growth, and yield of 

pea, with the terbutryn/terbuthylazine and trietazine/simazine mixtures being the most 

toxic. 
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Fig. 8. Effects of Rhizobium gallicum inoculation under herbicide applications on 

nodule weight of PV12 × Alberto bean (Phaseolus vulgaris L.) 

The interaction between bacterial inoculation and herbicide application had a 

significant effect on shoot nitrogen content (p<0.01), which ranged from 3.62% to 4.75% 

across treatments. The highest value (4.75%) was found in plants that were inoculated but 

not treated with herbicide, indicating that inoculation without herbicide pressure 

improved nitrogen uptake and metabolism. In contrast, the lowest value (3.62%) was 

found in non-inoculated plants treated with Bonaflan. Rodrigues et al. [24] reported that 

the pesticide mixture StandakTop® applied to soybean seeds significantly reduced the 

survival of a Bradyrhizobium elkanii strain and impaired nitrogen accumulation and 

remobilization under field conditions. Herbicide application therefore raises concerns 

about potential adverse effects on both host plant growth and the symbiotic bacteria 

responsible for nodulation and nitrogen fixation [14]. 

 

Fig. 9. Effects of Rhizobium gallicum inoculation under herbicide applications on shoot 

nitrogen content of PV12 × Alberto bean (Phaseolus vulgaris L.) 

Bacterial inoculation and herbicide applications, alone and in combination, 

significantly affected root nitrogen content (p<0.01). The highest root nitrogen content 

(1.44%) was measured in plants that were inoculated but not treated with herbicide, 

whereas the lowest values were observed in the control plants, which received neither 

inoculation nor herbicide. Overall, the results indicate that bacterial inoculation can 
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substantially increase nitrogen accumulation in roots, although this effect may vary 

depending on herbicide application. 

 

Fig. 10. Effects of Rhizobium gallicum inoculation under herbicide applications on root 

nitrogen content of PV12 × Alberto bean (Phaseolus vulgaris L.) 

Simarmata et al. [21] reported that herbicides containing atrazine and mesotrione 

applied at different doses had long-term, dose-dependent adverse effects on legumes and 

soil microbial populations. Ahemad and Khan [17] demonstrated that the insecticides 

fipronil and pyriproxyfen had dose-dependent toxic effects on pea, which were 

significantly alleviated by inoculation with strain MRP1. Datta et al. [16] reported that 

isoxaflutole markedly impaired growth, nodulation, and nitrogen fixation in chickpea, 

particularly in herbicide-sensitive cultivars, reducing nitrogen fixation by up to 51%. 

Zaidi et al. [46] reported that several herbicides applied to green gram (Vigna radiata) 

inoculated with Bradyrhizobium sp. had varying effects on physiological and yield 

parameters, and that metribuzin caused considerable yield losses owing to its high 

phytotoxicity. Anderson et al. [47] reported that chlorsulfuron in soil reduced nodulation 

and nitrogen fixation in chickpea. Abd-Alla et al. [11] reported that various pesticides 

adversely affected growth, nodulation, and mycorrhizal colonization in legumes; in 

particular, a delayed increase in spore formation was observed in faba bean. 

Biological Properties of the Experimental Soils 

Bacterial inoculation under Bonaflan and Fist Gold applications significantly affected 

soil respiration (p<0.01), which ranged from 19.57 to 29.27 mg CO₂ 100 g⁻¹ soil 24 h⁻¹. 

The highest soil respiration was measured in the treatment that received bacterial 

inoculation without herbicide, indicating that inoculation increased microbial activity and 

thus CO₂ production in the soil. In contrast, the lowest values were recorded in non-

inoculated soils treated with Fist Gold alone. Araújo et al. [13] found significant increases 

in soil respiration and microbial enzyme activity during a 32-day laboratory incubation 

of two Brazilian soils treated with glyphosate, and reported increases in actinomycete and 

fungal populations but a slight decrease in bacterial counts in soils with a long history of 

glyphosate exposure. 
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Fig. 11. Effects of Rhizobium gallicum inoculation under herbicide applications on soil 

respiration (CO₂ evolution) in soil planted with PV12 × Alberto bean (Phaseolus 

vulgaris L.) 

Dehydrogenase activity ranged from 6.11 to 11.36 µg TPF g⁻¹ dry soil 24 h⁻¹. The 

highest activity was found in soils that received bacterial inoculation without herbicide, 

whereas the lowest values were observed in soils treated with Fist Gold despite 

inoculation. This suggests that the active ingredients of Fist Gold may inhibit microbial 

activity and, in particular, limit the effectiveness of bacterial inoculants. These results, 

consistent with previous studies, show that herbicides can reduce the enzyme production 

capacity of soil microorganisms. 

 

Fig. 12. Effects of Rhizobium gallicum inoculation under herbicide applications on soil 

dehydrogenase activity in soil planted with PV12 × Alberto bean (Phaseolus vulgaris 

L.) 

Bacterial inoculation combined with herbicide application had a significant effect on 

soil urease activity (p<0.01). The highest urease activity was observed in soils that 

received bacterial inoculation without herbicide, indicating that inoculation enriched the 

soil microflora and thereby stimulated enzymes involved in the microbial nitrogen cycle. 

In contrast, the lowest urease activity was found in non-inoculated soils treated with Fist 

Gold alone, pointing to negative effects of this herbicide on the soil microbial community 

and suggesting that it may suppress enzymes involved in nitrogen transformations. These 
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findings, which suggest that herbicides can inhibit the metabolic activity of soil 

microorganisms, are consistent with the literature. 

 

Fig. 13. Effects of Rhizobium gallicum inoculation under herbicide applications on soil 

urease activity in soil planted with PV12 × Alberto bean (Phaseolus vulgaris L.) 

Bacterial inoculation under different herbicide treatments significantly affected 

alkaline phosphatase activity in the experimental soil (p<0.01), indicating that herbicides 

applied together with inoculation markedly influenced soil biochemical processes, 

particularly enzymatic activities involved in phosphorus transformations. The highest 

activity was observed in soils that received bacterial inoculation without herbicide, 

whereas the lowest alkaline phosphatase activity was found in soils treated with Bonaflan 

despite inoculation. This suggests that Bonaflan may reduce soil microbial activity and 

enzyme production. 

 

Fig. 14. Effects of Rhizobium gallicum inoculation under herbicide applications on soil 

alkaline phosphatase activity in soil planted with PV12 × Alberto bean (Phaseolus 

vulgaris L.) 

Arylsulfatase activity, used as an indicator of microbial activity in soils receiving 

herbicides and bacterial inoculation alone or in combination, ranged from 92 to 235 µg 

p-nitrophenol g⁻¹ dry soil h⁻¹. The lowest value (92 µg p-nitrophenol g⁻¹ dry soil h⁻¹) was 

found in non-inoculated soils treated with Fist Gold, indicating that this herbicide may 

inhibit microbial enzyme activity. 
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Fig. 15. Effects of Rhizobium gallicum inoculation under herbicide applications on soil 

arylsulfatase activity in soil planted with PV12 × Alberto bean (Phaseolus vulgaris L.) 

Sarmamy and Khidir [48] reported that Treflan and glyphosate completely inhibited 

nodule formation and adversely affected growth parameters and micronutrient contents, 

and that residues of some pesticides could be detected in plant tissues after harvest, 

indicating that these compounds may have lasting effects on plant nutrition and soil 

microbiology. Aurelia [15] reported that the insecticide Decis could increase the total 

number of viable bacteria, whereas Bavistin and SDMA did not markedly inhibit the 

microbial population. Kumar et al. [23] demonstrated that organophosphate pesticides, 

particularly in combination, were toxic to soil microorganisms and plant growth-

promoting rhizobacteria, with toxicity decreasing in the order phorate > acephate > 

monocrotophos > glyphosate. Yu et al. [49] reported that chlorothalonil markedly reduced 

soil bacterial and actinomycete populations after the first application, but that 

microorganisms adapted to repeated applications and the adverse effects diminished by 

the third or fourth application. Dığrak and Kazanıcı [12] investigated the effects of the 

organophosphorus insecticides isofenphos, phorate, and fonofos on soil microorganisms 

and reported that isofenphos increased the total bacterial count without inhibiting other 

microbial groups, whereas fonofos and phorate did not inhibit microbial growth. 

CONCLUSION 

This study examined the effects of two herbicides [Bonaflan (pre-emergence) and Fist 

Gold (post-emergence)] and inoculation with Rhizobium gallicum on morphological and 

physiological growth parameters, nodulation, and soil biological activity in the PV12 × 

Alberto bean cultivar. Under herbicide treatments, Rhizobium gallicum inoculation 

significantly (p<0.01) affected several yield parameters. Bacterial inoculation increased 

nodule weight, whereas the herbicides suppressed this positive effect. Because Fist Gold 

in particular markedly reduced nodule weight, the potential negative effects of herbicides 

on symbiotic nitrogen fixation and plant–Rhizobium interactions should be taken into 

account in crop production, and application timing and rates should be planned carefully. 

Bacterial inoculation also increased soil biological activity, including microbial enzyme 

activities, whereas certain herbicides limited these beneficial effects. Therefore, 

interactions between biological and chemical inputs should be evaluated carefully in 

sustainable agricultural systems; such studies can contribute to strategies that maintain 

both productivity and soil health. 
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In conclusion, inoculation with Rhizobium gallicum supported both plant growth and 

soil biological functions, whereas herbicide applications, particularly Fist Gold, adversely 

affected symbiotic nodulation and microbial enzyme activities. The present data indicate 

that Bonaflan and Fist Gold may have adverse effects on soil microorganisms. However, 

these effects are species- and dose-dependent and may vary with environmental 

conditions. Therefore, herbicides should be used with caution, recommended doses 

should not be exceeded, and soil health should be monitored regularly after application. 

Acknowledgement. This study was funded by the Scientific Research Projects (BAP) Coordination Office 

under project no. 23201100. 

REFERENCES 

[1] Yıldırım, E. (2008). Methods of Pest Control in Agriculture and Pesticides Used. Atatürk 

University Faculty of Agriculture Publications, No. 219, Erzurum, 350 pp. 
[2] Ampofo, J. A., Tetteh, W., & Bello, M. (2009). Impact of commonly used agrochemicals 

on bacterial diversity in cultivated soils. Indian Journal of Microbiology, 49, 223–229. 

[3] Graham, P. H., & Vance, C. P. (2003). Legumes: Importance and constraints to greater 

use. Plant Physiology, 131(3), 872–877. https://doi.org/10.1104/pp.017004 
[4] Bhattacharjee, R. B., Singh, A., & Mukhopadhyay, S. N. (2008). Use of nitrogen-fixing 

bacteria as biofertilizer for non-legumes: Prospects and challenges. Applied 

Microbiology and Biotechnology, 80, 199–209. 
[5] Fontes, J. R. A., Gonçalves, J. R. P., & Morais, R. R. (2010). Tolerance of cowpea to the 

herbicide oxadiazon. Pesquisa Agropecuária Tropical, 40(1), 110–115. 

https://doi.org/10.5216/pat.v40i1.624 
[6] Monteiro, F. P. D. R., Júnior, A. F. C., Reis, M. R., Santos, G. R., & Chagas, L. F. B. 

(2012). Effects of herbicides on the biomass and nodulation of cowpea inoculated with 

rhizobia. Revista Caatinga, 25(3), 44–51. 
[7] Reis, M. R., Silva, A. A., Pereira, J. L., Freitas, M. A. M., Costa, M. D., Silva, M. C. S., 

Santos, E. A., França, A. C., & Ferreira, G. L. (2010). Impact of glyphosate combined 

with endosulfan and tebuconazole on endosymbiotic microorganisms of soybean. Planta 

Daninha, 28(1), 113–121. https://doi.org/10.1590/S0100-83582010000100014 

[8] Santos, M. V., Freitas, F. C. L., Ferreira, F. A., Viana, R. G., Tuffi Santos, L. D., & 

Fonseca, D. M. (2006). Efficacy and persistence in soil of herbicides used in pastures. 

Planta Daninha, 24(2), 391–398. https://doi.org/10.1590/S0100-83582006000200024 

[9] Abd-Alla, M. H., & Omar, S. A. (1993). Herbicides effects on nodulation, growth and 

nitrogen yield of Faba Bean induced by indigenous Rhizobium leguminosarum. 

Zentralbl. Mikrobiol., 148, 593–597. 

[10] Singh, G., & Wright, D. (1999). Effects of herbicides on nodulation, symbiotic nitrogen 

fixation, growth, and yield of pea (Pisum sativum). School of Agricultural and Forest 

Sciences, University of Wales, Bangor. 

[11] Abd-Alla, M. H., Omara, S. A., & Karanxha, S. (2000). The impact of pesticides on 

arbuscular mycorrhizal and nitrogen-fixing symbioses in legumes. Applied Soil Ecology, 

14(3), 191–200. 

[12] Dığrak, M., & Kazanıcı, F. (2001). Effect of some organophosphorus insecticides on soil 

microorganisms. Turkish Journal of Biology, 25(1), Article 6. 

https://journals.tubitak.gov.tr/biology/vol25/iss1/6 

[13] Araújo, A. S. F., Monteiro, R. T. R., & Abarkeli, R. B. (2003). Effect of glyphosate on 

the microbial activity of two Brazilian soils. Chemosphere, 52(5), 799–804. 



Eroğlu et al.: The role of rhizobium Gallicum inoculation in the agronomic performance and soil biochemical properties of the bean 

(Phaseolus vulgaris L.) plant in relation to herbicide applications 

139 

[14] Taylor, A. D. (2008). The effect of herbicides on N₂ fixation in field pea (Pisum sativum 

L.) and chickpea (Cicer arietinum L.) (Master's thesis). University of Saskatchewan, 

Department of Soil Science. 

[15] Aurelia, O. (2009). Study of the effect of some pesticides on soil microorganisms. Annals 

of the University of Oradea, Series: Environmental Protection, XIV, 763–765. 
[16] Datta, A., Sindel, B. M., Kristiansen, P., Jessop, R. S., & Felton, W. L. (2009). Effect of 

isoxaflutole on the growth, nodulation, and nitrogen fixation of chickpea (Cicer arietinum 

L.). Crop Protection, 28(9), 923–927. https://doi.org/10.1016/j.cropro.2009.07.009 
[17] Ahemad, M., & Khan, M. S. (2010). Comparative toxicity of selected insecticides to pea 

plants and growth promotion in response to insecticide-tolerant and plant growth-

promoting Rhizobium leguminosarum. Crop Protection, 29(3), 325–329. 
[18] Kunal, & Sharma, P. (2012). Influence of pesticide-treated seeds on the survival of 

Mesorhizobium sp. Cicer, symbiotic efficiency, and yield in chickpea. Plant Protection 

Science, 48(3), 37–43. 
[19] Adhikary, P., Shil, S., & Patra, P. S. (2014). Effect of herbicides on soil microorganisms 

in transplanted chili. Global Journal of Biology, Agriculture and Health Sciences, 3(1), 

236–238. 
[20] Kurrey, D., Lakpale, R., & Rajput, R. S. (2016). Growth behavior, nodulation, and 

Rhizobium population as affected by the combined application of herbicide and 

insecticide in soybean (Glycine max L.). Journal of Pure and Applied Microbiology, 

10(4), 2931–2935. https://doi.org/10.22207/JPAM.10.4.59 

[21] Simarmata, M., Harsono, P., & Hartal, H. (2018). Sensitivity of legumes and soil 

microorganisms to residues of a herbicide mixture of atrazine and mesotrione. Asian 

Journal of Agriculture and Biology, 6(1), 12–20. 

[22] Sevilmiş, U., & Sevilmiş, S. (2019). Effects of herbicide applications on biological 

nitrogen fixation in legumes. Agricultural Engineering, (368), 53–63. 

https://doi.org/10.33724/zm.635998 

[23] Kumar, V., Singh, S., & Upadhyay, N. (2019). Effects of organophosphate pesticides on 

siderophore-producing soil microorganisms. Biocatalysis and Agricultural 

Biotechnology, 21, 101359. 

[24] Rodrigues, T. F., Bender, F. R., Sanzovo, A. W. S., Ferreira, E., Nogueira, M. A., & 

Hungria, M. (2020). Impact of pesticides on the properties of Bradyrhizobium spp. and 

on symbiotic performance with soybean. World Journal of Microbiology and 

Biotechnology, 36(172). https://doi.org/10.1007/s11274-020-02949-5 
[25] Zargari, M., Lakzian, A., Rasooli, R., & Izadi-Darbandi, E. (2020). Evaluation of PRE 

and POST herbicides on growth characteristics, nodulation, and nitrogen fixation of three 

chickpea (Cicer arietinum L.) cultivars. Journal of Crop Science and Biotechnology, 

23(2), 157–162. https://doi.org/10.1007/s12892-019-0310-0 

[26] Sah, A. (2022). Impact of herbicides on soil microorganisms, nodulation, and yield of 

chickpea. Legume Research—An International Journal, 45(10), 1325–1329. 

https://doi.org/10.18805/LR-4247 

[27] Pertile, M., Rocha, S. M. B., da Costa Silva, I. S., Antunes, J. E. L., de Alcântara Neto, 

F., & de Araújo, A. S. F. (2022). Flumioxazin, imazethapyr, and their mixture in the 

rhizosphere of soybean: effect on early nodulation and biological N fixation. Revista 

Ceres, 69(5), 571–577. https://doi.org/10.1590/0034-737X202269050010 
[28] Singh, G., & Wright, D. (2002). In vitro studies on the effects of herbicides on the growth 

of rhizobia. Letters in Applied Microbiology, 35(1), 12–16. 

https://doi.org/10.1046/j.1472-765x.2002.01117.x 
[29] Rathjen, J. R., Ryder, M. H., Riley, I. T., Lai, T. V., & Denton, M. D. (2020). Impact of 

seed-applied pesticides on rhizobial survival and legume nodulation. Journal of Applied 

Microbiology, 129(2), 389–399. 



Eroğlu et al.: The role of rhizobium Gallicum inoculation in the agronomic performance and soil biochemical properties of the bean 

(Phaseolus vulgaris L.) plant in relation to herbicide applications 

140 

[30] Isermeyer, H. (1952). A simple method for determining plant respiration and carbonates 

in soil. Zeitschrift für Pflanzenernährung, Düngung und Bodenkunde, 56, 26–28. 
[31] Thalmann, A. (1966). On the determination of dehydrogenase activity in soil using TTC 

(triphenyltetrazolium chloride). Soil Biology, 6, 46–47. 
[32] Hoffmann, G., & Teicher, K. (1961). A colorimetric method for determining urease 

activity in soil. Zeitschrift für Pflanzenernaehrung, Duengung und Bodenkunde, 95, 55–

63. 
[33] Tabatabai, M. A., & Bremner, J. M. (1969). Use of p-nitrophenyl phosphate for the assay 

of soil phosphatase activity. Soil Biology & Biochemistry, 1, 301–307. 

[34] Tabatabai, M. A., & Bremner, J. M. (1970). Arylsulphatase activity of soils. Proceedings 

of the Soil Science Society of America, 34, 225–229. 
[35] Bouyoucos, G. H. (1951). A recalibration of the hydrometer for mechanical analysis of 

soils. Agronomy Journal, 43, 434–438. 

[36] Richards, L. A. (1954). Diagnosis and Improvement of Saline-Alkali Soils. Agriculture 

Handbook No. 60. U.S. Department of Agriculture, Washington, D.C. 
[37] Smith, H. W., & Weldon, M. D. (1941). A comparison of some methods for the 

determination of soil organic matter. Soil Science Society of America Proceedings, 5, 

177–182. 
[38] Hızalan, E., & Ünal, H. (1966). Soil Chemical Analysis. University of Ankara Faculty of 

Agriculture Publications, No. 278, Ankara. 
[39] Bremner, J. M. (1965). Total Nitrogen. In C. A. Black (Ed.), Methods of Soil Analysis 

(pp. 1149–1178). American Society of Agronomy, Madison, Wisconsin. 

[40] Olsen, S. R., Cole, C. V., Watanabe, F. S., & Dean, L. A. (1954). Estimation of available 

phosphorus in soil by extraction with sodium bicarbonate. USDA Circular 939. 
[41] Soltanpour, P. N., & Workman, S. M. (1981). Use of inductively coupled plasma 

spectroscopy for the simultaneous determination of macro and micronutrients in 

NH₄HCO₃-DTPA extracts of soils. In R. M. Barnes (Ed.), Developments in Atomic 

Plasma Analysis (pp. 673–680). 

[42] Lindsay, W. L., & Norvell, W. A. (1978). Development of a DTPA soil test for zinc, iron, 

manganese, and copper. Soil Science Society of America Journal, 42, 421–428. 
[43] Gawęda, D., Haliniarz, M., Andruszczak, S., & Wacławowicz, R. (2024). The effect of 

herbicides and biostimulant application on the seed yield and seed quality of soybean 

(Glycine max (L.) Merr.). Agronomy, 14(9), 2174. 

https://doi.org/10.3390/agronomy14092174 

[44] Ahemad, M., & Khan, M. S. (2011). Response of green gram (Vigna radiata (L.) Wilczek) 

grown in herbicide-amended soil to inoculation with Bradyrhizobium sp. (vigna) MRM6. 

Journal of Agricultural Science and Technology, 13, 1209–1222. 

[45] Paniagua-López, M., Jiménez-Pelayo, C., Gómez-Fernández, G. O., Herrera-Cervera, J. 

A., & López-Gómez, M. (2023). Reducing the use of certain herbicides enhances nitrogen 

fixation efficiency in Phaseolus vulgaris and Medicago sativa. Plants, 12(8), 1608. 

https://doi.org/10.3390/plants12081608 
[46] Zaidi, A., Khan, M. S., & Rizvi, P. Q. (2005). Effect of herbicides on growth, nodulation, 

and nitrogen content of green gram. Agronomy for Sustainable Development, 25(4), 497–

504. https://doi.org/10.1051/agro:2005050 
[47] Anderson, A., Baldock, J. A., Rogers, S. L., Bellotti, W., & Gill, G. S. (2004). Influence 

of chlorsulfuron on rhizobial growth, nodule formation, and nitrogen fixation with 

chickpea. Australian Journal of Agricultural Research, 55, 1059–1070. 
[48] Sarmamy, A. O. I., & Khidir, S. M. (2013). Effects of some soil-applied pesticides on 

growth characteristics of faba bean and wheat plants. International Journal of Emerging 

Technologies in Computational and Applied Sciences, 5(1), 7–20. 



Eroğlu et al.: The role of rhizobium Gallicum inoculation in the agronomic performance and soil biochemical properties of the bean 

(Phaseolus vulgaris L.) plant in relation to herbicide applications 

141 

[49] Yu, Y. L., Shan, M., Fang, H., Wang, X., & Chu, X. Q. (2006). Responses of soil 

microorganisms and enzymes to repeated applications of chlorothalonil. Journal of 

Agricultural and Food Chemistry, 54(26), 10070–10075. 


