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Abstract

 Dimethoate is a broad spectrum 
organophosphate pesticide which is used to 
control pests of order hemiptera, diptera, or-
thoptera, and araneae. In Sorghum bicolor it 
is found to control green bugs, aphids, spider 
mites, and grasshoppers. The present study 
details the impact of dimethoate (30% EC) 
on S. bicolor through a short term (a fortnight 
study) in-vivo bioassay and an extended soil 
microcosm study (7 weeks study). Experiments 
were simultaneously carried out at low (10 
ppm, 50 ppm) and high (300 ppm, 600 ppm) 
range of dimethoate. The in-vivo bioassay pro-
vided evidence of increasing dimethoate toxicity 
on Sorghum bicolor ranging from 19 % to 70 % 
at 10 ppm and 300 ppm respectively. Trichoder-
ma harzianum T103, a plant growth promoting 
fungus (PGPF) with proven monocrotophos 
(organophosphate pesticide) tolerance, was 
engaged to verify its potential to support plant 
growth under dimethoate stress. Rhizospheric 
administration and seed biopriming with T103 
improved growth of Sorghum bicolor by a factor 
of; root length (1.6, 1.8), shoot length (1.1, 1.2) 
and biomass (1.4, 1.4) at 10 ppm and 300ppm 
respectively. LD50 of T103 value for dimeth-
oate is ~ 300 ppm. T103 was observed 
to sporulate under dimethoate stress (at con-

centrations as high as 1000 ppm), however, 
the spore density was lesser as compared to 
unchallenged isolate growth. FTIR spectra 
indicated ongoing dimethoate degradation   
registering   change   in   peaks   at   1043   (-C-
O   stretching),   1235   (-OH,–NH deformation), 
and 1737 cm-1 (C=O stretching). In addition, ap-
pearance of new peak at 3456 cm-1 (–OH, -NH 
stretching) also suggest formation of intermedi-
ate and end product. Concentration of proline, 
a biochemical stress indicator, was greater in 
untreated plants than in treated plants sug-
gesting signs of phytotoxicity in the absence of 
T103. The findings demonstrate that, at both 
low and high concentrations of dimethoate 
T103 can reduce dimethoate-induced growth 
retardation in S .bicolor.\Keywords: dimetho-
ate, PGPF, Sorghum bicolor, phytotoxicity, pro-
line, chlorophyll

Introduction

 Sorghum is the world’s fifth-most im-
portant cereal crop after maize, rice, wheat, 
and barley. India is the second-largest pro-
ducer of sorghum in the world, with a yield 
of more than 7.5 million metric tons recorded 
in 2021 [1]. Major insect pests of sorghum 
are stem and stalk borers, shoot flies, aphids, 
and shoot/ear head bugs. In India, infestation 
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of insect pests causes the loss of the sorghum 
crop more than 30% and even upto 84% un-
der certain conditions. Losses linked to insects 
are estimated to reach more than $1 billion 
annually in semi-arid tropical regions [2, 3]. 
Sorghum bicolor is chosen in the study as a 
model plant, as it can be easily grown in a lab 
and greenhouse with low irrigation and fertilizer 
requirements, apart from being one of the most 
important cereal crops in India [4]. Insect pest 
populations that cause economic damage can 
be managed with a variety of organophos-
phate pesticides (OPPs) [5]. These pesticides 
accumulate in the soil when they are used in 
excess, causing a variety of stress responses 
in host plants. Under abiotic stress conditions, 
plants redistribute majority of the nutrients and 
energy towards overcoming stress, resulting 
in a much lower percentage of nutrients and 
energy going towards biomass accumulation. 
This would reflect as a significant decrease 
in yield due to compromised host metabolic 
activities [6-8]. Most common OPPs used 
in sorghum are dimethoate, chlorpyrifos, phor-
ate, phosalone and so on [9, 10]. Research 
studies reported DM residues in soil (58.63 mg/
kg), honey (1–10 mg/kg), spinach (2.54 mg/kg) 
and many other edible substances. As the max-
imum residue limit for DM is 0.04 mg/kg, the 
reported residue values in food materials are 
alarming. Table 1 represents the data on DM 
chemistry, rate of application, residues report-
ed [11, 12]. The effects of DM on the human 
immunological, neurological, and reproductive 
systems were thoroughly reviewed by Eken, 
2017 [13]. Kumari and John, 2019; Katsikant-
ami et al., 2019 threw light on health risks 
associated with dietary exposure to

 pesticides [14, 15]. Therefore, it is re-
quired to study the change in morphological, 
biochemical, and stress parameters of plants 
in the presence of pesticides at both low and 
high concentrations. However, to date, re-
search publications demonstrating the pes-
ticide toxicity in plants is comparatively less, 
even though they form the principal routes of 

accidental entry of these toxic substances in 
food chain. Number of scientific records in 
PubMed, Web of Science, Google Schol-
ar and Science Direct database is evidence. 
Though some researchers have demonstrated 
the presence of pesticide residues in various 
crops as well as their negative effects on plant 
growth; still, more research work needs to be 
done in order to understand the actual impact 
on various morphological and biochemical pa-
rameters in many staple food crops owing to 
their consumption in large quantities. Nine out 
of ten fractions of the pesticide volume sprayed 
drift towards non-target plants and eventually 
sink into the soil. The pesticide enters the plant 
from the soil and causes several alterations to 
its physiological, metabolic and mitotic func-
tions [16, 17]. Contrary to occupational direct 
contact exposure, which is frequently expe-
rienced by farmers, dietary exposure is invol-
untary and cannot be prevented by using ex-
ternal safeguards like wearing masks, gloves, 
and other safety equipment. Plant growth pro-
moting fungi (PGPF) are important partners for 
enhancing plant productivity in a sustainable 
and environment friendly manner. Trichoderma 
harzianum, a prominent PGPF, is extensively 
known for its biotic stress tolerance/ biocontrol 
potential. Moreover, reports also exist for its 
potential to mitigate drought and salt stresses 
faced by the plants [18, 19]. Employing plant 
growth promoting microorganism for pesticide 
bioremediation is a comparatively new trend. 
Dimethoate (organophosphate pesticide) re-
mediation using T.harzianum is a step forward 
in this orientation. T.harzianum isolate T103 
used in the present study has demonstrated po-
tential to support the plant growth by providing 
a. better nutrient access, b. better resistance 
to the soil competitors, and c. breaking down 
complex substrate in order to provide plant 
ready nutrients [20]. This is the reason in 
choosing the isolate for the current inves-
tigation to mitigate DM stress via plant-mi-
crobe interaction. The manuscript attempts to 
provide a definitive experimental evidence for 
asserting the potential of PGPF-T103 as prob-
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able soil remediator, particularly in agricultural 
soils that have a continuous buildup of residual 
pesticides reaching either as direct application 
residues or irrigation surplus. The purpose of 
this study was (i) to check the impact of di-
methoate pesticide on the morphological (R/S 
ratio, biomass), biochemical (Chlorophyll a), 
and stress indicative parameters (phytotoxic-
ity and proline content) of Sorghum bicolor 
plants, (ii) to explore the pesticide tolerance 
of PGPF T103 (mitotic activity, sporulation and 
pesticide bond breakage); and (iii) to validate 
the protective effect of T103 on S. bicolor 
subjected to low and high concentrations of 
dimethoate stress, and its role in restoring plant 
growth at the greenhouse level.

Materials and Methods

Plant material and pesticide

 Sorghum bicolor CSH-16 seeds 
were procured from the Indian Institute of 
Millets Research (IIMR), Hyderabad. Seeds 
were surface sterilized with HgCl2 (0.1%) for 

5 minutes and thoroughly rinsed with dou-
ble distilled water to remove HgCl2 completely 
[23]. Dimethoate, 30% EC (Rogor) formulation 
was procured from Agriberi India. A fresh stock 
solution of 10,000 ppm was prepared in molec-
ular grade double distilled water for every ex-
periment and diluted to varying concentrations 
(10 to 600 ppm) as per the dose required.

Plant growth promoting fungi and plant ma-
terial

 PGPF Trichoderma harzianum T103 
isolate (GenBank ID- KP122935.1) was used 
in the present study. Culture was grown and 
maintained on malt dextrose agar (Himedia 
laboratories private limited, Mumbai). Stocks 
are maintained for longer periods of time at 
-800C in glycerol stock (30%). PGPF isolate 
T103 was grown on MDA plates for one 
week at 300C. Spores were harvested in ster-
ilized saline (0.85% w/v) and further pooled 
into 1.5% CMC (carboxymethyl cellulose), post 
centrifugation, at 3000 RPM for 10 minutes. 
The spore dose was adjusted to 108 spores /

Table 1: Dimethoate application and residues factsheet

Pesticide Field application levels DM residue levels
Application 
frequency

Dimethoate (DM)

1. Molecular for-
mula- C5H12N-
O3PS2

2. Hazardous sub-
stance Class II

3. Readily available in the 
market and lead agro-
chemical produced by Indi-
an agricultural companies

(Annual production in In-
dia for the year 2021 is 
1391 MT )

DM 30% E.C (100mL bottle 
dissolved in 100 to 500 liters 
of water)-
Concentration of applying 
solution ranges from 60 ppm 
to 300 ppm

Concentration range in 
ppm Soil (58 ppm)

Honey (1-10 ppm)

Spinach (2.54 
ppm) MRL fixed 
by C.A is

0.02ppm-0.5 ppm in 
majority of the crops, 
and 2 to 5 ppm

in some citrus fruits 
and spices

One to 6 times 
in a crop sea-
son, depending 
on the type of 
crops and infec-
tion.

Source- INCHEM, Codex Alimentarius, Sun et al., 2015 [8, 9, 21, 22].
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ml and used for in-vivo plant growth assays and 
greenhouse studies [24].

Dimethoate tolerance study

 A 6 mm Agar plug was detached from 
sterile MDA plate (centrally) and replaced with 
a T103 culture plug of the same size. Plates 
were incubated at 30±2 0C for 120 hours, and 
radial growth was recorded at the interval of 24 
h. Average linear growth rate per day was es-
timated from the growth recorded at 24 and 72 
hours. The LD50 value for DM in T103 was esti-
mated as previously described by Kumari and 
Sattiraju, 2022 [20]. In a separate assay, Malt 
dextrose broth was supplemented with differ-
ent concentration of DM (0-2100 ppm) and in-
cubated at 30±20C for 5 days at 120 RPM. On 
fifth day, mycelia were harvested, and biomass 
was recorded in triplicate after drying at 700 C 
overnight.

FTIR analysis

 The ethyl acetate extracts of DM 
control (300 ppm) and PGPF treated samples 
were analyzed with a FTIR spectrophotometer 
(Spectrum two FTIR, PerkinElmer, UK). Quan-
tities of 10 μL of both samples were placed on 
a diamond window of the instrument separate-
ly at room temperature (250C) in the frequency 
range of 4,000–400 cm−1. The procedure fol-
lowed was as given by Kathuria et al., 2022 [25].

In-vivo plant growth study with and without 
PGPF treatment

 Surface sterilized sorghum seeds 
were transferred to 0.25% water Agar and in-
cubated in plant growth chamber for 72 h. Post 
emergence, seedlings were treated with PGPF 
inoculum (@ 108 cells/ml for 60 minutes. After 
seedling treatment, seeds were transferred to 
sterilized ASURE boxes containing 300 ml of 
PMB media. Detailed information on ASURE 
assay is published previously [26]. After 15 
days, plants were harvested and plant growth 
parameters were analyzed.

Greenhouse study

 Surface sterilized sorghum seeds 
were sown in plant growth bags of 1 kg con-
taining a sterile mixture of soil and peat moss in 
the ratio of (7:3). Post 1 week uneven seedlings 
were removed and 3 seedlings were maintained 
per pot. Healthy and uniformly grown seedlings 
were treated with PGPF inoculum For each 
treatment, 15 replicates were maintained. DM 
was added at 50 ppm, 150 ppm, 300 ppm, and 
600 ppm, in the rhizospheric region of potted 
plants. Plants were kept in a greenhouse with 
a temperature of 28 ± 20C and a relative hu-
midity of more than 70%, and watered every 
alternate day. Plants were harvested and ana-
lyzed to observe growth impact on pesticide 
stress as compared with unchallenged host 
plants [27].

Statistical analysis

 Each experiment was conducted in 
triplicates, and results are presented as the 
mean ± standard deviation. GraphPad Prism 
version 9.5 (GraphPad, San Diego, CA, USA) 
was used for the statistical analyses through 
one-way ANOVA to identify significant differ-
ences amongst the treatments followed by 
Tukey’s post hoc test. The values of P<0.01, 
P<0.05 for biochemical assay and plant based 
studies, respectively were considered statisti-
cally significant.

Results and Discussion

Evaluation of dimethoate tolerance by se-
lected PGPF

 To check the impact of pesticide on 
growth of chosen PGPF T103, DM plate assay 
was done at the concentration of 0 to 2000 ppm 
of DM. Average linear growth of PGPF was de-
creasing with increasing concentration of DM. 
The maximum ALGR (mm/Day) was recorded 
at 0 ppm and the minimum at 1000 ppm. Spor-
ulation was observed to take place even at a 
concentration as high as 1000 ppm; howev-
er, spore count was reduced. Spores are the 
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seeds for Trichoderma, which are required for 
their propagation [28]. Figure 1 shows that 
it can produce spores up to 1000 ppm of DM 
(which is almost 100 times more than the maxi-
mum residue reported in crops).

 Spore production at 1000 ppm is 
indicative of the isolates’ potential to sustain 
their growth at higher concentrations of pesti-
cides. Pesticides are known to impact microor-
ganisms, animals and plants at cellular level 
adversely. According to Ore et al., 2022, 
pesticide application can influence microbial 
diversity, which can be detrimental to plant 
growth and development by decreasing nutri-
ent availability or disrupting the nutrient cycle 
[29]. Hage‐Ahmed et al., 2014 showed that 
pesticides changed the sporulation and fun-
gal community composition [30]. Therefore, 
employing microbial bioinoculants with high 
tolerance that can grow and divide at higher 
concentrations of pesticides is the need of the 
hour.

Fig.1. Average linear growth and sporulation of 
PGPF-T103 under dimethoate stress

 The liquid broth assay showed a 
negative correlation between pesticide con-
centration and biomass. At 0 ppm, the bio-
mass was around 3.95± g/L which reduced to 
1.91±0.18 g/L at 300 ppm, and at 2000 ppm, 
the concentration was as low as 0.55±0.18 g/L. 
The estimated LD50 value for DM was near 
300 ppm. In both DM plate and broth assays, 
PGPF strain T103 showed striking pesticide 
tolerance potential.

Comparative analysis of infrared spectra of 
control and PGPF treated samples

 To observe any structural alterations 
that occurred due to PGPF-T103 treatment 
in contrast to untreated DM control, samples 
were analyzed using FTIR, where spectral 
readings ranged from 600 to 4000 cm−1. In the 
PGPF-T103 treated sample, a new peak was 
recorded at 3456 cm−1 which was absent in the 
control sample. This peak corresponds to –OH 
and -NH stretching [31]. Significant variation in 
the peaks corresponding to 1043 cm-1 and 1235 
cm-1 was observed in the treated sample, in-
dicating C-O stretching. Characteristic peak 
variation at 1737 cm−1 (C=O stretching) was 
observed, with considerable variation in peak 
reduction in the PGPF treatment (35%T) com-
pared to the control (28%T) (Figure 2). In 
the current study, variations in FTIR readings 
were observed at 1043, 1235, and 1737 cm-1, 
similar to what was observed in other studies 
[32, 33]. Prolonged treatment (15 days) with 
PGPF resulted in effective disappearances of 
these pesticide specific bonds.

Fig.2. FTIR analysis of the PGPF-T103 treat-
ed sample as compared to the DM Control 
(300 ppm)

Comparative phytotoxicity analysis at low 
and high concentrations of dimethoate

 In comparison to the control (No 
pesticide) drastic reduction in shoot length, 
root lengths, biomass and chlorophyll con-
tents were recorded in presence of DM (at 
both 10 ppm and 300 ppm) (Table 2). Similar 
to our results Pandey et al, 2022, demonstrat-
ed that DM administration on wheat plants for 
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Table 2: Evaluation of plant growth parameters at field application and at residue levels
Pesticide 

concentra-
tion

Reduction 
in RL

Reduction 
in SL

Reduc-
tion in 
DW

Reduction 
in Chlo-
rophyll 
content

Percent phyto-
toxicity

At field residue 
level

14.6 % 11.7 % 22% 6.8% 15%

At field appli-
cation level

69.7 % 37.6% 39% 48.8% 70%

prolonged periods of time (>10 days) showed 
an inhibitory effect on plant growth parame-
ters such as root length, shoot length, fresh 
weight, dry weight and chlorophyll content. DM 
is water soluble, so it is quickly absorbed by 
plant roots and accumulates in leaves, where 
the majority of plant metabolic activities occur. 
The buildup of DM in plant may impede cell 
division and elongation, resulting in a reduction 
in root and shoot length. Lower dosages that 
had a positive response for a short period of 
time become harmful if treatment periods are 
extended beyond 10 days [34]. Even though 
some scientific groups present an argument 
that OPPs are water soluble, have shorter half 
life and thus may not hold greater research 
emphasis due to lesser retention times in the 
soil ecosystems. This observation on impact at 
concentrations that are three times less to 
field application rate, as evidenced in this 
study, calls for a concentrated thought on pos-
sible future yield impact. Range of DM pesticide 
applied by farmers and reported residues in soil 
and plant sample is detailed in Table 1. The 
exposure to very high pesticide dose may be 
transient but the impact can be long lasting 
(Table 2). At higher concentrations there is 
stark indication of pesticide toxicity on photo-
synthesis. In this study almost half reduction 
in chlorophyll a content was recorded at 300 
ppm. Chlorophyll is a necessary component of 
the plant photosystem that is required for pho-
tosynthesis. Gitelson et al. (2006) argued that 
estimating chlorophyll content is critical in de-
termining output. As variations

 in canopy Chl are connected to crop 
phenology, canopy stresses, and vegetation 
photosynthetic capability, it can also be relat-
ed to  gross primary production (GPP) [35]. 
The amount of chlorophyll in the leaves 
determines photosynthetic capacity and is 
thus one of the most significant physiologi-
cal factors influencing crop yield [36]. Sharma 
et al., 2019 proposed that pesticide stress af-
fects photosynthesis for a variety of reasons, 
including the down regulation of photosynthetic 
enzymes, which reduces the production of pho-
tosynthetic pigments, the decreased stability of 
protein-pigment complexes, which causes an 
increase in pigment degradation, the restriction 
of QA oxidation, which prevents the electron 
transfer from PSII to PSI, and the produc-
tion of free radicals [37]. Mishra et al, 2008, 
demonstrates that DM has an immediate effect 
on the different locations of the photosyn-
thetic electron transport chain. At all DM con-
centrations, PS II reduction and chain ac-
tivity were observed. With rising dimethoate 
concentrations, there was a considerable de-
crease in PS II and overall chain activity, which 
is linked to damage to the oxygen-evolving 
complex, which eventually gets transferred 
to the plastoquinone site and the PS II reaction 
centre [38]. Impacts of pesticides on animal sys-
tems are well studied [39-42]. On the contrary, 
phytotoxicity data is very scarce, which neces-
sitates the studies being conducted on multiple 
crops. Parween et al, 2014 reviewed the effect 
of pesticide on plants and concluded that it 
leads to alteration in biochemical, physiologi-
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cal parameters of plants which might be visi-
ble as decrease in yield [43]. The majority of 
research studies on plants, have focused on 
pesticide residue detection rather than inves-
tigating the physiological phytotoxicity caused 
by pesticides. The fi ndings of this study will 

help researchers better understand the infl u-
ence of DM on numerous plant development 
indices, notably in Sorghum bicolor, at both 
the residue and fi eld application levels.Table 2: 
Evaluation of plant growth parameters at fi eld 
application and at residue levels

Fig.3.a. Phytotoxic impact of DM on aerial plant parts at fi eld application level; T0 (No 
pesticide), DM300 (300 ppm of DM), b. Phytotoxic impact of DM on root system architecture at fi eld 
application level c. plant phytotoxicity at residue level (10ppm); T0 (No pesticide), DM10 (10 ppm 
of DM).

 Comparative analysis of RSA was 
done both visibly and by using RhizoVision Ex-
plorer version 2.03 software and results are 
detailed in Table 3. Reductions in root branch-
ing and root hairs were clearly visible in the 
presence of DM (Figure 3). Profuse primary 
and secondary root branching and extended 
root system architecture was observed in the 
absence of pesticide stress. Upon challenging 
with DM the plant exhibited a severely con-
stricted root architecture, where there is a pre-
dominant decrease in the number of primary, 
secondary and tertiary roots were recorded. 
The overall root surface area was reduced by 
>1000 fold in DM challenged plants. As 

the root hairs take nutrients and water from the 
soil, a healthy and robust root system is essen-
tial for plant growth. [44]. These morphologi-
cal changes may have an infl uence on yield, 
since biomass was reduced by 22% and 39% 
at 10 ppm and 300 ppm, respectively. The 
fi ndings of this study reveal that DM has a 
detrimental impact on plant development and 
that the plant cannot overcome it on its own. 
Therefore, utilizing microorganisms with the 
ability to protect plants under pesticide stress 
(DM) would help in alleviation of phytotoxicity 
due to pesticides. In this study, PGPF-T103 
was selected for further in-vivo plant growth 
assays and greenhouse studies.

Table3. Comparative analysis of RSA under no pesticide condition and DM stress

DM
(ppm)

R.O.I No. of 
root tips

No. of 
branch
points

Total root 
length. px

Network 
area.px2

Vo l u m e .
px3

S u r f a c e 
area.px2

0 ppm Full 38 40 1956 42701 17315259 476353

300 ppm Full 2 4 31 247 0.96 427

* Pixel to millimeter conversion factor-25.4, px-pixel, RSA-root system architecture, R.O.I- 
Region of interest
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Plant growth support by PGPF under di-
methoate stress in in-vivo bioassay

 The effects of inoculation with PGPF 
on plant growth were visible on shoot length, 
root length, plant biomass, and the root system 
architecture of sorghum plants at 15 days af-
ter germination (Figure 4). Seed priming with 
PGPF exhibited a significant (p < 0.05) im-
provement in the growth of sorghum plants un-
der normal (no pesticide) and pesticide stress 
(10 to 300 ppm DM) conditions. It resulted in an 
increase in root length, of 29%, 53%, 233%, and 
119% at 10 ppm, 50 ppm, 100 ppm, and 200 
ppm, respectively. However, the increases in 
shoot length were 15% at 10 ppm and around 
3% at 200 ppm. Trichoderma was also earlier 
known to increase root length under drought 
and salinity stress [45, 46]. Biomass increased 
by 36%, 10% was recorded at 10 ppm and 200 
ppm, respectively (Figure 4). Chlorophyll has 
direct functions in photosynthesis and is thus 
strongly related to crop photosynthetic capacity, 
development, and yield. Ghimire et al, (2015) 
[47] demonstrated that chlorophyll concen-
tration has a favorable and substantial influ-
ence on maize grain production. A significant 
increase in chlorophyll content was observed in 
PGPF treatments up to 100 ppm of DM under 
in-vivo conditions. PGPF helps the plants under 
stress in two main ways, firstly, by giving growth 
support (increase in root length, shoot length, 
biomass); and secondly, by alleviating the phy-
totoxicity and by producing molecules like pro-
line that help them cope with the stressed con-
dition.

 Proline is required by plants in a 
number of stress scenarios. It is a good 
osmolyte, metal chelator, antioxidant defense 
molecule, and signaling chemical [48]. In this 
study, increasing DM concentrations resulted in 
a steady rise in proline content in untreated 
plants. Proline is a stress marker and produced 
under abiotic stress conditions to stabilize pro-
teins, enzymes, to maintain membrane integrity, 
to detoxify ROS [49]. Pesticide leads to drying 
of plant which leads to cellular dehydration in 
such conditions plants produce proline which 

act as an osmoprotectant [50]. Shakir et al, 
2018, also reported similar results, where imi-
dacloprid pesticide significantly increased pro-
line levels (65% to 138%) in the shoot tissues 
at all applied concentrations [51]. In this study, 
PGPF treatment resulted in lower proline lev-
els than the untreated control at each concen-
tration (Figure 5).   The values are statistically 
significant; implicating that PGPF-T103 treat-
ment was effective in easing stress response 
in plants. Lower proline concentration after 
PGPF treatment demonstrates the efficacy of 
PGPF to rescue the plants from DM stress, 
as greater levels of proline are recorded under 
various abiotic stresses.

Greenhouse study

 A long-term greenhouse assay (45 
days) was performed to evaluate the ability of 
PGPF-T103 to alleviate the DM stress symp-
toms in S. bicolor and support plant growth. 
Figure 6 shows the phytotoxicity percentage 
based on RL and SL recorded under vary-
ing concentrations of DM. Other investiga-
tions also noted a reduction in the length of 
the shoots and roots under pesticide stress 
[52, 53]. Phytotoxicity was more visible in roots 
than shoots. For instance, at 50 ppm DM, phy-
totoxicity was 29% in roots whereas in shoot 
phytotoxicity was 9%. A similar pattern was ob-
served at 300 ppm DM, where the phytotoxicity 
in the root was 76% and that in the shoot was 
48%. This could because roots are highly sen-
sitive in recognizing the physicochemical varia-
tions in the soil, and also because they are the 
principal structures that can influence sustained 
nutrient and signaling functions of the plants 
that are challenged with a multitude of abiotic 
stresses [54]. Thus till a threshold concentra-
tion, the pesticide stress might be affecting the 
plant root system visibly more as compared to 
its aerial parts. However, once pesticide toler-
ance is breached the impact is prominent even 
in the aerial parts of the plant. For instance, 
browning of shoot tips, necrosis, chlorosis, 
burning, stunted growth, decrease in number 
of leaves as well as their width was recorded 
at higher concentration of DM (300, 600 ppm). 
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Fig.4. Plant growth support by PGPF-T103 under dimethoate stress a. Plant growth under DM 
stress (10-200 ppm), T1 (10 ppm DM), T2 (10 ppm DM+ T103), T3 (50 ppm DM), T4 (50 ppm 
DM+T103), T5 (100 ppm DM), T6 (100 ppm+ T103), T7 (200 ppm DM), T8 (200 ppm+ T103), b. 
Chlorophyll content, c. Root length, d. Shoot length and e. Dry weight, under DM stress 10 ppm 
with and without PGPF-T103 treatment. The comparison of treatments was performed by ANOVA 
single factor, P value <0.05 was considered as statistically signifi cant. Phytotoxicity symptoms 
were recorded in plants under DM stress, where PGPF treatment is not done. At 10 ppm of DM, 
phytotoxicity was 10%, and it was around 65% at 300 ppm of DM.

Similar symptoms due to pesticide stress were 
reviewed by Sharma et al, 2017 [55]. A close 
observation of Figure 6 reveals this fact, where 
up to 300 ppm the impact on shoot phytotoxic-
ity was much lesser as compared to impact on 
root. However, beyond threshold (300 ppm), 
the adverse impact on the shoot is as strong 
as the adverse impact on root. PGPF-T103 ap-
plication resulted in better root systems in S.
bicolor. Growth parameters, such as the RL, 
SL and DW recorded from 45 days old plants, 
are shown in Table 3. Inthama et al, 2021 also 
observed that application plant growth promot-
ing microbe B. aryabhattai in paraquat pesticide 
contaminated soil, resulted in longer root and 
shoot lengths in cowpea [55]. In another 
study Trichoderma asperellum increased the 
phoxim tolerance in Solanum lycopersicum by 
promoting plant detoxifi cation potential [56].

Fig.5. Proline content under DM stress in pres-
ence and absence of PGPF-T103, T1 (10 ppm 
DM), T2 (10 ppm DM+ T103), T3 (50 ppm DM), 
T4 (50 ppm DM+T103), T5 (100 ppm DM), T6 
(100 ppm+ T103), T7 (200 ppm DM), T8 (200 
ppm+ T103), The comparison of treatments 
was performed by ANOVA single factor, P 
value <0.05 was considered as statistical-
ly signifi cant. ns- Not signifi cant, *-P<0.05, **-
P<0.01, ***-P<0.001
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Table 4. Effect of DM stress on growth parameters of S. bicolor in presence and absence of
PGPF-T103

Fig.6. Phytotoxicity based on a. root length and b. shoot length under DM stress (50 ppm, 150 
ppm, 300 ppm and 600 ppm)

Rhizospheric application of PGPF T103 in-
creased the plant growth up to 300 ppm of 
DM (Figure 7). Findings of our study corrob-
orate the previous findings where applica-
tion of microbes helped the plants to cope up 
with phoxim pesticide stress [57]. PGPF-T103 
enhances the R/S ratio at each concentration 
of DM. For instance, without PGPF treatments, 
the R/S ratio decreased from 5.6 (at 0 ppm), to 
4.3 (at 50 ppm), 0.23 (at 150 ppm), and 0.21 
(at 300 ppm). Upon PGPF treatment, the R/S 
ratio was 0.66, 0.35, and 0.34 at 0 ppm, 150 
ppm, and 300 ppm, respectively. This could 

be because PGPF improves the architecture 
of root systems, which is evident from the in-
creased root lateral branching and root hair de-
velopment. Plants with a higher value of R/S 
indicate their enhanced ability to  absorb wa-
ter and nutrients. The percentage increase in 
root length, shoot length, and biomass at con

Values are the mean value ± S.D of three in-
dependent replicate. The comparison of treat-
ments was performed by one-way ANOVA fol-
lowed by Tukey’s post hoc test, the values of P 
≤0.05 were considered statistically significant*

Treatments RL (cm) % Increase RL 
upon PGPF
treatment

SL (cm) % Increase in 
SL upon PGPF
treatment

DW(mg) % Increase in 
DW upon PGPF
treatment

T1 (0ppm) 5.6±0.5 Control (0ppm) 10±0.1 Control (0ppm) 202±2 Control (0ppm)

T2 (0ppm+PGPF) *7±0.5 25% 12±9.1 20% *227±6.7 12%

T3 (50 ppm) 4±0.9 Control (50ppm) 9.1±0.5 Control (50ppm) 160±11 Control (50ppm)

T4(50ppm+PGPF) ****7.3±0.6 82% 11±0.4 17% ****204±11 27%

T5 (150ppm) 2.1±0.1 Control(150 ppm) 9.1±0.1 . 89±2.5 Control(150 ppm)

T6 (150ppm+PGPF) *3.8±0.6 80% 11±0.6 17% 107±4.2 20%

T7 (300ppm) 1.9±0.3 Control(300 ppm) 8.1±0.7 Control(300 ppm) 67±9.3 Control(300 ppm)

T8 (300ppm+PGPF) * 3.4±0.1 79% *10±0.8 23% **96±8.7 43%

T9 (600ppm) 1.2±0.3 Control(600 ppm) 5.2±0.2 Control(600 ppm) 33±5.8 Control(600 ppm)

T10 (600ppm+PG-
PF)

2.3±0.5 92% 5.9±1 14% 50±6.8 52%
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Conclusion

 DM influences plant growth and de-
velopment in terms of both qualitative and 
quantitative parameters. The deleterious effects 
of DM are evident right from the concentrations 
as low as 10 ppm which escalated further as 
the concentration of DM has increased. PG-
PF-T103 primed seedlings were successful 
in overcoming stress due to DM more effec-
tively till a concentration of 100 ppm, beyond 
100 ppm and till 300 ppm even though they 
performed better than PGPF- T103 untreated 
host they were not completely successful in re-
versing the impact of DM induced stress. Nev-
ertheless, irrespective of the concentration of 
pesticide PGPF-T103 treated seedlings invari-
ably suffered less from the DM exposure as 
compared to those plants that were left un-
treated. Treated plants were supported by the 
increased root length; shoot length, Chlorophyll 
a and drop in the proline content and phytotox-
icity. The protective impact and growth support 

Fig.7. Effect of DM stress on S.bicolor grown in 
the greenhouse at 45 Days; (a) Plants grown in 
greenhouse   (b) untreated control pesticide   (0 
ppm), treated 0 ppm+ PGPF; (c) 50 ppm, 50 
ppm+ PGPF; (d) 150 ppm, 150 ppm+ PGPF; 
(e) 300 ppm, 300 ppm+ PGPF. In b, c, d and 
e- Plants on the left side are untreated and on 
the right side are treated with PGPF-T103 cen-
trations of 0 ppm, 50 ppm, 150 ppm, and 300 
ppm is presented in Table 3. PGPF was able to 
support plant growth both at 15 days and at 45 
days of experiments. Plant growth support by 
microbes under xenobiotic stress was estab-
lished by few other researchers [58, 59]

of sorghum were observed both in in-vivo 
(15 days) and greenhouse (45 days) studies. 
These results, linked to the PGPF-T103 ap-
plication, are definitive evidence that Trich-
oderma harzianum isolate T103 can protect the 
plants under pesticide stress.

Acknowledgements: We would like to thank 
the Department of Biotechnology (DBT), Gov-
ernment of India, for providing funds and the 
Jaypee Institute of Information Technology for 
providing the basic facilities and infrastructure 
required for the execution of the project.

Conflict of interest statement: The authors 
declare that they have no conflict of interest in 
the publication.

References:

1. Arumugam, Y., Chinnusamy, M., Chin-
nusamy, K., & Kuppusamy, S. (2021). 
Sorghum as Biofuel Crop: Interdisciplinary 
Methods to Enhance Productivity (Botany, 
Genetics, Breeding, Seed Technology, and 
Bioengineering). In Biofuels and Biodiesel, 
pp.253-270.

2. Hossain, M. S., Islam, M. N., Rahman, 
M. M., Mostofa, M. G., & Khan, M. A. R. 
(2022). Sorghum: A prospective crop for 
climatic vulnerability, food and nutritional 
security. Journal of Agriculture and Food 
Research, 100300.

3. Reddy, P. S., & Reddy, B. V. Phenotyp-
ing in Sorghum [Sorghum bicolor (L.) M 
oench]. Ravikesavan, R., Sivamurugan, 
A. P., Iyanar, K., Pramitha, J. L., & Nirma-
lakumari, A. (2022). Millet Cultivation: An 
Overview. Handbook of Millets-Process-
ing, Quality, and Nutrition Status, 23-47.

4. Kaushal, J., Khatri, M., & Arya, S. K. 
(2021). A treatise on Organophosphate 
pesticide pollution: Current strategies 
and advancements in their environmental 
degradation and elimination. Ecotoxicolo-
gy and Environmental Safety, 207:111483



Current Trends in Biotechnology and Pharmacy
Vol. 17(2) 857 - 872, April 2023, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2023.2.24

Kumari et al

868

5. Singh, R. P., Qidwai, S., Singh, O., Red-
dy, B. R., Saharan, S., Kataria, S. K., 
... & Kumar, L. (2022). Millets for food 
and nutritional security in the context of 
climate resilient agriculture: A Review. In-
ternational Journal of Plant & Soil Science, 
939-953.

6. Hossain, M. S., Islam, M. N., Rahman, 
M. M., Mostofa, M. G., & Khan, M. A. R. 
(2022). Sorghum: A prospective 
crop for climatic vulnerability, food 
and nutritional security. Journal of Ag-
riculture and Food Research, 100300.

7. Fu, H., Tan, P., Wang, R., Li, S., Liu, 
H., Yang, Y., & Wu, Z. (2022). Advances 
in organophosphorus pesticides pollution: 
Current status and challenges in ecotox-
icological, sustainable agriculture, and 
degradation strategies. Journal of Hazard-
ous Materials, 424: 127494.

8. Guo, C., Cui, W., Feng, X., Zhao, J., & 
Lu, G. (2011). Sorghum insect problems 
and Managementf. Journal of integrative 
plant biology, 53(3): 178-192.

9. Koli, P., & Bhardwaj, N. R. (2018). Status 
and use of pesticides in forage crops in 
India. Journal of pesticide Science, 43(4): 
225-232.

10. Bagyalakshmi, J., Kavitha, G., & Ravi, 
T. K. (2011). Residue determination of 
dimethoate in leafy vegetables (spinach) 
using RP-HPLC. International Journal of 
Pharma Sciences and Research, 2(2): 62-
64.

11. Mohamed, A. O., Abdelbagi, A. O., Abdal-
la, A. M., Sulieman Ahmed Ishag, A. E., Ali 
Hammad, A. M., Hamed Gadallah, N. A., 
& Hur, J. H. (2021). Insecticide Residues 
in Cotton, Sorghum and Fallow Soil from 
the Nuba Mountains Cotton Corporation of 
South Kordofan State, Sudan. Journal of 
Health Pollution, 11(30):210608.

12. Eken, A. (2017). An overview on dimeth-
oate toxicity and human health. The Turk-
ish Journal Of Occupational/Environmen-
tal Medicine and Safety, 2(4): 32

13. Katsikantami, I., Colosio, C., Alegakis, A., 
Tzatzarakis, M. N., Vakonaki, E., Rizos, A. 
K., ... & Tsatsakis, A. M. (2019). Estima-
tion of daily intake and risk assessment 
of organophosphorus pesticides   based   
on   biomonitoring   data–the   internal   ex-
posure approach. Food and chemical toxi-
cology, 123: 57-7

14. Kumari D, John S (2019) Health risk as-
sessment of pesticide residues in fruits 
and vegetables from farms and markets 
of Western Indian Himalayan region. Che-
mosphere 427 224:162-167Kamal, A., 
Ahmad, F., & Shafeeque, M. A. (2020). 
Toxicity of pesticides to plants and non-tar-
get organism: A c o m p r e h e n -
sive review. Iranian Journal of 
Plant Physiology, 10(4): 3299-3313.

15. Jan, S., Singh, R., Bhardwaj, R., Ah-
mad, P., & Kapoor, D. (2020). Plant 
growth regulators: a sustainable approach 
to combat pesticide toxicity. 3 Biotech, 
10(11), 1-11.

16. Murali, M., Naziya, B., Ansari, M. A., Alom-
ary, M. N., AlYahya, S., Almatroudi, A., ... 
& Amruthesh, K. N. (2021). Bioprospect-
ing of rhizosphere-resident fungi: their role 
and importance in sustainable agriculture. 
Journal of Fungi, 7(4): 314.

17. Woo, S. L., Hermosa, R., Lorito, M., & 
Monte, E. (2022). Trichoderma: a multi-
purpose, plant-beneficial m ic roorgan-
ism for eco-sustainable a g r i c u l t u r e . 
Nature Reviews Microbiology, 1-15.

18. Kumari, A., Sattiraju, K.S. (2022). In vitro 
and in vivo evidence for the mitigation of 
monocrotophos toxicity using native Trich-
oderma harzianum isolate. Biologia 77: 



Current Trends in Biotechnology and Pharmacy
Vol. 17(2) 857 - 872, April 2023, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2023.2.24

Employing trichoderma to alleviate dimethoate phytotoxicity

869

2335– 2349.

19. Codex Alimentarius (Codex). Emerging Is-
sues in Food Safety and Quality in Coun-
tries in the Region. Agenda Item 3.1. In: 
Joint FAO/WHO Food Standards Pro-
gramme FAO/WHO Coordinating Commit-
tee for Asia, 21st session. September 
23–27, Goa, India. Codex Alimentarius, 
Rome, Italy (2019b)

20. Sun, X. D., & Dong, X. L. (2015). Quan-
titative analysis of dimethoate pesticide 
residues in honey by surface-enhanced 
Raman spectroscopy. Guang pu xue yu 
Guang pu fen xi= Guang pu, 35(6): 1572-
1576.

21. Sahu, P. K., Tilgam, J., Mishra, S., Hamid, 
S., Gupta, A., Verma, S. K., & Kharwar, R. 
N. (2022). Surface sterilization for isola-
tion of endophytes: Ensuring what (not) 
to grow. Journal of Basic Microbiology.

22. López-Bucio, J., Pelagio-Flores, R., & 
Herrera-Estrella, A. (2015). Trichoderma 
as biostimulant: exploiting the multilevel 
properties of a plant beneficial fungus. 
Scientia horticulturae, 196: 109-123.

23. Kathuria, D., Bhattu, M., Verma, M., & 
Billing, B. K. (2022). Chromatographic 
techniques for the analysis of organophos-
phate pesticides with their extraction ap-
proach: a review (2015-2020). Analytical 
Methods.

24. Yadav,  P.,  Kumari,  A.,  &  Sundari,  S.  K.  
(2020).  ―ASURE‖:  A  multi-potential  plant  
bioassay  as  a  pre- determinative micro-
bial efficiency testing tool for bioinoculant 
studies. MethodsX, 7: 100685.

25. Illescas, M., Morán-Diez, M. E., Martínez 
de Alba, Á. E., Hermosa, R., & Monte, E. 
(2022). Effect of Trichoderma asperellum 
on Wheat Plants’ Biochemical and Molec-
ular Responses, and Yield under Differ-

ent Water Stress Conditions. Internation-
al Journal of Molecular Sciences, 23(12): 
6782.

26. Rawal, R., Scheerens, J. C., Fenstemak-
er, S. M., Francis, D. M., Miller, S. A., & 
Benitez, M. S. (2022). Novel Trichoderma 
Isolates Alleviate Water Deficit Stress in 
Susceptible Tomato Genotypes. Frontiers 
in plant science, 13:869090-869090.

27. Ore, O. T., Adeola, A. O., Bayode, A. 
A., Adedipe, D. T., & Nomngongo, P. 
N. (2022). Organophosphate pesticide 
residues in environmental and 
biological matrices: Occurrence, distribu-
tion and potential remedial approaches. 
Environmental Chemistry and Ecotoxicol-
ogy.1.

28. Hage‐Ahmed, K., Rosner, K., & Stein-
kellner, S. (2019). Arbuscular mycorrhi-
zal fungi and their response to pesticides. 
Pest management science, 75(3): 583-
590.Abderrahim, B., Abderrahman, E., 
Mohamed, A., Fatima, T., Abdesselam, T., 
& Krim, O. (2015). Kinetic thermal deg-
radation of cellulose, polybutylene succi-
nate and a green composite: comparative 
study. World J. Environ. Eng, 3(4): 95-110.

29. Silambarasan, S., & Abraham, J. (2013). 
Ecofriendly method for bioremediation of 
chlorpyrifos from agricultural soil by novel 
fungus Aspergillus terreus JAS1. Water, 
Air, & Soil Pollution, 224(1):1-11.

30. Rearte, T. A., Bozzano, P. B., Andrade, 
M. L., & Fabrizio de Iorio, A. (2013). 
Biosorption of Cr (III) and Pb (II) by 
Schoenoplectus californicus and Insights 
into the Binding Mechanism. International 
Scholarly Research Notices, 2013.

31. Pandey, J. K., Dubey, G., & Gopal, R. 
(2022). Prolonged Use of Insecticide Di-
methoate Inhibits Growth and Photo-
synthetic Activity of Wheat Seedlings: 



Current Trends in Biotechnology and Pharmacy
Vol. 17(2) 857 - 872, April 2023, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2023.2.24

Kumari et al

870

A Study by Laser- Induced Chlorophyll 
Fluorescence Spectroscopy. Journal of 
Fluorescence, 32(6): 2159- 2172.

32. Gitelson, A. A., Viña, A., Verma, S. B., 
Rundquist, D. C., Arkebauer, T. J., Key-
dan, G., ... & Suyker, A. E. (2006). Re-
lationship between gross primary pro-
duction and chlorophyll content in crops: 
Implications for the synoptic monitoring 
of vegetation productivity. Journal of Geo-
physical Research: Atmospheres, 111(D8).

33. Jiang, G., Zeng, J., & He, Y. (2014). 
Analysis of quantitative trait loci affect-
ing chlorophyll content of rice leaves in a 
double haploid population and two back-
cross populations. Gene, 536(2): 287-295.

34. Sharma, A., Kumar, V., Shahzad, B., Ra-
makrishnan, M., Singh Sidhu, G. P., Bali, 
A. S., & Zheng, B. (2020). Photosynthetic 
response of plants under different abiotic 
stresses: a review. Journal of Plant Growth 
Regulation, 39(2): 509-531.

35. Mishra, V., Srivastava, G., Prasad, S.M., 
Abraham, G., 2008. Growth, photosyn-
thetic pigments and   photosynthetic   ac-
tivity   during   seedling   stage   of   cow-
pea   (Vigna unguiculata) in   response   
to   UV-B   and   dimethoate.   Pesticide   
biochemistry   and physiology. 92: 30-37.

36. Apaydin, F. G., Kalender, S., & Kalender, 
Y. (2022). Subacute exposure to dimeth-
oate induces hepatotoxic and nephrotoxic 
effects on male rats: Ameliorative effects 
of ferulic acid. Indian Journal of Experi-
mental Biology (IJEB), 61(01):51-58.

37. Al-Ali, A. A., Kata, F. S., & Hussein, S. 
M. (2016). Biochemical and Histopatho-
logical Changes of Dimethoate in some 
Organ of Laboratory Mice Mus musculus 
L. Basrah Journal of Agricultural Sciences, 
29(2).

38. Devi, S., Singh, J., Kumar, V., & Malik, V. 
(2019). Monocrotophos induced Biochem-
ical and Histopathological alterations in 
the Kidney tissues of Mice. Chemical 
Biology Letters, 6(2): 39-45.

39. Martínez-Morcillo, S., Pérez-López, M., 
Soler-Rodríguez, F., & González, A. 
(2019). The organophosphorus pesticide 
dimethoate decreases cell viability and in-
duces changes in different biochemical 
parameters of rat pancreatic stellate 
cells. Toxicology In Vitro, 54: 89-97.

40. Parween, T., Jan, S., Mahmooduzzafar, S., 
Fatma, T., & Siddiqui, Z. H. (2016). Selec-
tive effect   of   pesticides   on   plant—A   
review. Critical   reviews   in   food   science   
and nutrition, 56(1): 160-179.

41. Fageria, N. K., & Moreira, A. (2011). The 
role of mineral nutrition on root growth of 
crop plants. Advances in agronomy, 110: 
251-331.Chepsergon, J., Mwamburi, L., 
& Kassim, M. K. (2014). Mechanism 
of drought tolerance in plants using Trich-
oderma spp. Int J Sci Res, 3(11): 1592-
1595.

42. Khomari, S., Golshan-Doust, S., 
Seyed-Sharifi, R., & Davari, M. (2018). 
Improvement of soybean seedling growth 
under salinity stress by biopriming of 
high-vigour seeds with salt-tolerant isolate 
of Trichoderma harzianum. New Zealand 
Journal of Crop and Horticultural Sci-
ence, 46(2): 117-132.

43. Ghimire, B., Timsina, D., & Nepal, J. 
(2015). Analysis of chlorophyll content 
and its correlation with yield attributing 
traits on early varieties of maize (Zea 
mays L.). Journal of Maize Research and 
Development, 1(1): 134-145.

44. Ghosh, U. K., Islam, M. N., Siddiqui, M. N., 
Cao, X., & Khan, M. A. R. (2022). Proline, 
a multifaceted signalling molecule in plant 



Current Trends in Biotechnology and Pharmacy
Vol. 17(2) 857 - 872, April 2023, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2023.2.24

Employing trichoderma to alleviate dimethoate phytotoxicity

871

responses to abiotic stress: understanding 
the physiological mechanisms. Plant Biolo-
gy, 24(2): 227-239.

45. Alhasnawi, A.   N.   (2019).   Role   of   pro-
line   in   plant   stress   tolerance:   A   mini 
review. Research on Crops, 20(1).

46. Ahluwalia, O., Singh, P. C., & Bhatia, 
R. (2021). A review on drought stress in 
plants: Implications, mitigation and the role 
of plant growth promoting rhizobacteria. 
Resources, Environment and Sustainabil-
ity, 5: 100032.

47. Shakir, S. K., Irfan, S., Akhtar, B., Daud, 
M. K., Taimur, N., & Azizullah, A. (2018). 
Pesticide-induced oxidative stress and 
antioxidant responses in tomato (Sola-
num lycopersicum) seedlings. Ecotoxicolo-
gy, 27(7): 919-935.

48. Sidhu,  G. K., Singh, S., Kumar, V., 
Dhanjal, D. S., Datta, S., & Singh, J. 
(2019). Toxicity, monitoring and 
biodegradation of organophos-
phate pesticides: a review. Critical re-
views in environmental science and tech-
nology, 49(13): 1135-1187.

49. Kaur, H., Bhardwaj, R., Kumar, V., Shar-
ma, A., Singh, R., & Thukral, A. K. 
(2015). Effect of pesticides on legumi-
nous plants: an overview. Legumes under 
environmental stress: Yield, improvement 
and adaptations, 91-101.

50. Franco, J. A., Bañón, S., Vicente, M. J., 
Miralles, J., & Martínez-Sánchez, J. J. 
(2011). Root development in horticultur-
al plants grown under abiotic stress 
conditions–a review. The Journal of Horti-
cultural Science and Biotechnology, 86(6): 
543-556.

51. Sharma, A., Kumar, V., Thukral, A. K., & 
Bhardwaj, R. (2019). Responses of plants 
to pesticide toxicity: An overview. Planta 

Daninha, 37.

52. Inthama, P., Pumas, P., Pekkoh, J., Path-
om-Aree, W., & Pumas, C. (2021). Plant 
growth and drought tolerance-promoting 
bacterium for bioremediation of para-
quat pesticide residues in agriculture soils. 
Frontiers in Microbiology, 12: 604662.

53. Chen, S., Yan, Y., Wang, Y., Wu, M., Mao, 
Q., Chen, Y., ... & Ahammed, G. J. (2020). 
Trichoderma asperellum   reduces   phox-
im   residue   in   roots   by   promoting   
plant detoxification potential in Solanum 
lycopersicum L. Environmental Pollution, 
259:113893.

54. Abhilash, P. C., Dubey, R. K., Tripathi, V., 
Gupta, V. K., & Singh, H. B. (2016). Plant 
growth-promoting microorganisms for en-
vironmental sustainability. Trends in Bio-
technology, 34(11): 847-850.

55. Inthama, P., Pumas, P., Pekkoh, J., Path-
om-Aree, W., & Pumas, C. (2021). Plant 
growth and drought tolerance-promoting 
bacterium for bioremediation of paraquat 
pesticide residues in agriculture soils. 
Frontiers in Microbiology, 12: 604662.

56. Chen, S., Yan, Y., Wang, Y., Wu, M., Mao, 
Q., Chen, Y., ... & Ahammed, G. J. (2020). 
Trichoderma asperellum   reduces   phox-
im   residue   in   roots   by   promoting   
plant detoxification potential in Solanum 
lycopersicum L. Environmental Pollution, 
259:113893.

57. Abhilash, P. C., Dubey, R. K., Tripathi, V., 
Gupta, V. K., & Singh, H. B. (2016). Plant 
growth-promoting microorganisms for en-
vironmental sustainability. Trends in Bio-
technology, 34(11): 847-850.

58. Janeeshma, E., & Puthur, J. T. (2021). Po-
tential role of microbial endophytes in xe-
nobiotic stress management. Sustainable 
Environmental Clean-up, 165-185.



Current Trends in Biotechnology and Pharmacy
Vol. 17(2) 857 - 872, April 2023, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2023.2.24

Kumari et al

872

Abbreviations:

PGPF-Plant growth promoting fungi
DM-Dimethoate
LD50-Lethal dose 50
FTIR-Fourier Transform Infrared Spectroscopy
MRL-Maximum Residue Limits
OPP-Organophosphate pesticides
EC- Emulsifiable concentrate,
MDB-Malt dextrose broth, PMB-Plant microbe 
bioassay
CMC-Carboxymethyl cellulose

ALGR-Average linear growth rate
RPM-Revolutions per minute
R/S ratio- Root/Shoot ratio
RL-Root length
SL-Shoot length
DW-Dry weight
Chl- Chlorophyll
PMB-Plant microbe bioassay
PPM-Parts per million
PP%-Phytotoxicity %




