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he present investigation was

undertaken to study the com-

patibility of Azotobacter spp.

with commonly used agro-

chemicals in India. Azoto-
bacter isolates were obtained from the
Biofertilizer Laboratory and Biocontrol
Laboratory of the National Institute of
Plant Health Management (NIPHM), Hy-
derabad, India. Under laboratory condi-
tions, Azotobacter failed to multiply at
the field-recommended dose of fungicides
such as Mancozeb 75% WP, Hexaconazole
5% EC, and Propiconazole 25% EC, as
no colony formation was observed. How-
ever, at half the recommended dose, all
the tested fungicides were found to be
compatible with Azotobacter. The bac-
terium was able to multiply at both the
field-recommended and half-recommended
doses when inoculated with herbicides in-
cluding Glyphosate 41% SL, 2,4-D Sodium
salt 80% WP, and Pretilachlor 50% EC.
Similarly, insecticides such as Fipronil
80% WG, Thiamethoxam 25% WG, and
Quinalphos 25% EC were found to be com-
patible with Azotobacter at both dosage
levels. Under field conditions, Azotobac-
ter showed multiplication even at the
field-recommended doses of fungicides,
herbicides, and insecticides, indicating a
differential response between laboratory
and field environments. Agrochemicals
that do not adversely affect the growth of
microbial inoculants can be further evalu-
ated and potentially used in combination
with biofertilizers. The results suggest
that Azotobacter is compatible with sev-
eral commonly used agrochemicals and
can be integrated into Integrated Pest
Management (IPM) and Integrated Nu-
trient Management (INM) systems as a
bio-input component.
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Introduction

Agricultural lands become deprived of es-
sential nutrients due to continuous crop-
ping without an adequate supply of or-
ganic manure. In addition, many of the
nutrients present in the soil are in unavail-
able forms, which plants cannot utilize di-
rectly. Hence, the application of soil nutri-
ents in the form of chemical fertilizers be-
comes necessary to obtain optimum crop
yield. Several studies have demonstrated
that the interaction between agrochemi-
cals and beneficial soil microorganisms is
highly dependent on the type and concen-
tration of the chemical applied. As a re-
sult of the incorporation of agrochemicals,
grain production has doubled over the past
four decades; however, this has led to un-
sustainable agricultural practices (Prasad
et al., 2024; Kumar & Singh, 2025). Most
agrochemicals are not fully absorbed by
plants, and a significant portion remains in
the environment (Rani et al., 2023). Pre-
vious research has shown that biofertiliz-
ers and plant growth promoting microor-
ganisms may remain compatible with cer-
tain agrochemicals when applied at recom-
mended doses, while higher concentrations
often exert inhibitory effects (Meena et al.,
2024; Zhang et al., 2026).

Azotobacter is a group of Gram-negative,
free-living, nitrogen-fixing aerobic bacteria
inhabiting soil. They are oval or spheri-
cal in shape and form thick-walled cysts
(dormant cells resistant to deleterious con-
ditions) under unfavorable environmental
conditions (Bhattacharya et al., 2023).
Around six species of the genus Azoto-
bacter have been reported, some of which
are motile by means of peritrichous flag-
ella, while others are immotile. They are
typically polymorphic, with sizes ranging
from 2 to 10 pm in length and 1 to 2 pm
in width. The genus Azotobacter was first
recognized in 1901 by the Dutch micro-
biologist and botanist Beijerinck and his
co-workers as the first aerobic free-living
nitrogen fixer.

These bacteria utilize atmospheric nitro-
gen for cellular protein synthesis, which is
subsequently mineralized in the soil,

thereby supplying a considerable amount
of nitrogen to crop plants. Azotobacter
is sensitive to acidic pH, high salt con-
centrations, and extreme temperatures
(Sarkar & Das, 2024). These organisms
exert beneficial effects on crop growth
and yield through the biosynthesis of bi-
ologically active substances, stimulation
of rhizospheric microbes, production of
phytopathogenic inhibitors, alteration of
nutrient uptake, and enhancement of bi-
ological nitrogen fixation (Lenart, 2012;
Zhao et al., 2025; Gupta et al., 2023).

Materials and Methods

Materials

Microbial agents

Microbial bio-inoculants, viz., Azotobac-
ter, were collected and purified from the
Plant Pathology and Biocontrol Labora-
tories of NIPHM and were used for this
study.

Agrochemicals

Different agrochemicals, including fungi-
cides such as Mancozeb 75% WP, Hexa-
conazole 5% EC, and Propiconazole 25%
EC; herbicides such as Glyphosate 41%
SL, 2,4-D Sodium salt 80% WP, and Preti-
lachlor 50% EC; and insecticides such as
Fipronil 80% WG, Thiamethoxam 25%
WG, and Quinalphos 256% EC, were col-
lected from the Pesticide Management
Division, NIPHM, and used for this study.

Pot mixture materials and pots

Red soil, sand, farmyard manure, vermi-
compost, and pots (plastic cups) required
for preparing the pot mixture for the ex-
periment were arranged by the institute.

Methods

The experiment was conducted in two sets,
and the details are furnished below.
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In vitro experiment

Collection of beneficial microbial
cultures

Azotobacter microbial cultures (biofertil-
izers) were collected and purified from the
laboratories of NIPHM.

Collection of different agrochemi-
cals

Commonly used agrochemicals such as in-
secticides, fungicides, and herbicides were
collected from the Pesticide Management
Division, NIPHM.

Compatibility study

The compatibility of different cultures
with commonly used agrochemicals was
assessed by measuring the colony count of
bacterial colonies on selected media plates
using the poisoned food technique (Nene,
1971).

Fungicides, insecticides, and herbicides at
different concentrations were used for the
in vitro assay. The fungicides, insecticides,
and herbicides were incorporated into the
sterile medium. Sterilized Petri plates con-
taining the amended medium were inocu-
lated with bacterial culture (0.1 ml or 1
ml) of freshly prepared test culture and in-
cubated at 28 & 1°C for 7 days. The effi-
cacy of agrochemicals was expressed as the
percentage of colony count over the con-
trol.

In vivo experiment

Collection of beneficial microbial
cultures

Different types of beneficial microbial
cultures (biofertilizers and biopesticides)
were collected and purified from the labo-
ratories of NIPHM.

Collection of different agrochemi-
cals

Commonly used agrochemicals such as in-
secticides, fungicides, and herbicides were
collected from the Pesticide Management
Division, NIPHM. Field soil was collected
and sterilized using an autoclave for two
successive days. After sterilization,

the soil was mixed with agrochemicals and
bio-inoculant cultures. Soil samples were
collected at weekly intervals, and micro-
bial viable counts were performed for the
different treatments.

Figure 1: Growth of Azotobacter under in
vitro conditions with agrochemicals

Figure 2: Growth of Azotobacter under
in vivo conditions with agrochemicals

o

inoculated with fungicides such as Man-
cozeb 75% WP, Hexaconazole 5% EC,
and Propiconazole 25% EC, and with the
insecticide Quinalphos 25% EC, as no
colonies were observed. However, at the
half-recommended dose, all four pesticides
were found to be compatible with Azoto-
bacter.

It was also observed that Azotobacter was
able to multiply when inoculated with her-
bicides such as Glyphosate 41% SL, 2,4-D
Sodium salt 80% WP, and Pretilachlor
50% EC, as well as insecticides such as
Fipronil 80% WG and Thiamethoxam 25%
WG, at both the field-recommended dose
and half-recommended dose, indicating
compatibility with Azotobacter under in
vitro conditions.

Effect of Different Agrochemicals
under In Vivo Experiments on
Microbial Bio-inoculant viz., Azo-
tobacter spp.

Test: Azotobacter + 9 Agrochem-
icals

Under in vivo conditions, at both the field-
recommended dose and half-recommended
dose, Azotobacter was able to multiply

Table 1: Agrochemicals and Their Concentrations Used for Compatibility Studies

Agrochemical Name Field RD Half RD Test A Test B
Fungicides
Mancozeb 75% WP 2.5 g/L 1.25g/L. 025g 0.125¢g
Hexaconazole 5% EC 2 ml/L 1 ml/L 0.2 ml 0.1 ml
Propiconazole 25% EC 2 ml/L 1 ml/L 02ml  0.1ml
Herbicides
Glyphosate 41% SL 6 ml/L 3 ml/L 0.6 ml 0.3 ml
2,4-D Sodium salt 80% WP 5 g/L 25g/L  05g 025g
Pretilachlor 50% EC 2 ml/L 1 ml/L 0.2ml 0.1 ml
Insecticides
Fipronil 80% WG 0.3 g/L 0.15g/L  0.03g 0015¢g
Thiamethoxam 25% WG 2 g/L 1g/L 02¢g 01lg
Quinalphos 25% EC 2.5 ml/L 1.25 ml/L 0.25 ml  0.125 ml

Results

Effect of Different Agrochemicals
under In Vitro Experiments on
Microbial Bio-inoculant viz., Azo-
tobacter spp.

Test: Azotobacter + 9 Agrochem-
1cals

At the field-recommended dose, Azotobac-
ter was not able to be multiplied when

when inoculated with fungicides such as
Mancozeb 75% WP, Hexaconazole 5% EC,
and Propiconazole 25% EC; herbicides
such as Glyphosate 41% SL, 2,4-D Sodium
salt 80% WP, and Pretilachlor 50% EC;
and insecticides such as Fipronil 80% WG,
Thiamethoxam 25% WG, and Quinalphos
25% EC. In sterilized soil, the growth of
Azotobacter colonies was lower compared

to non-sterilized soil.
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Conclusions

The present study evaluated the compat-
ibility of the bio-inoculant Azotobacter
spp. with commonly used agrochemicals
under both in wvitro and in vivo condi-
tions. The results clearly indicate that the
response of Azotobacter to agrochemicals
is dose-dependent and varies according to
the class of chemical applied.

Under laboratory conditions, Azotobac-
ter exhibited reduced or inhibited growth
at the field-recommended doses of certain
fungicides; however, compatibility was
consistently observed at half-recommended
doses. In contrast, herbicides such as
Glyphosate 41% SL, 2,4-D Sodium salt
80% WP, and Pretilachlor 50% EC, as
well as insecticides including Fipronil 80%
WG and Thiamethoxam 25% WG, sup-
ported the multiplication of Azotobacter
at both the field-recommended and half-
recommended doses, indicating a high de-
gree of compatibility.

Under in vivo conditions, Azotobacter was
able to multiply in soil even at the field-
recommended doses of fungicides, herbi-
cides, and insecticides, demonstrating a
differential response between controlled
laboratory conditions and soil ecosystems.
This observation suggests that soil-related
factors may alleviate the adverse effects
of certain agrochemicals on microbial bio-
inoculants.

Overall, the study confirms that agro-
chemical compatible Azotobacter strains
can be effectively integrated with selected
agrochemicals without adversely affect-
ing microbial viability. These findings
are valuable for the development of bio-
inoculant formulations and support the
practical application of Azotobacter in
Integrated Pest Management (IPM) and
Integrated Nutrient Management (INM)
strategies, contributing to more sustain-
able agricultural production systems.
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