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Abstract

Existing pesticide formulation solvents emit VOCs, are flammable, and are classed as hazardous air pollutants (HAP), which means they are
harmful to users and phytotoxic to crops. Regulations, health, and environmental concerns have created the need for green solvents in
formulations. The "green chemistry" trend has resulted in the use of less toxic solvents in emulsifiable concentration (EC) formulations. The
least dangerous carrier solvent among four commonly utilised organic solvents [dimethyl sulfoxide (DMSO), dimethylformamide (DMF),
aromatic hydrocarbon (C9), and methyl oleate] was chosen in this study after a comprehensive and comparative fungal growth inhibition
assessment. We used methyl cis-9-octadecenoate (60%) as the bio-based green reserver for the effective creation of bioinspired EC
formulations (30%) of Pongamia pinnata L extract using emulsifier blends based on the established toxicity order (DMF > DMSO > C9 >
methyl oleate) (10 percent). In terms of emulsion stability, cold test, accelerated storage stability, flash point, and other parameters, EC1 beat
the other thirteen formulations (EC1-EC13), confirming its appropriateness for commercial manufacturing. In-vitro fungicidal activities
against Alternaria solani and Phytophthora spp. were investigated using four therapeutically relevant dosages of agricultural use. At the
highest dose (1%), A. solani (EC50 = 0.08 percent) demonstrated the greatest growth suppression (87.4 percent), followed by Phytophthora
sp. (71.1 percent) (EC50 = 0.49 percent). The study demonstrated its relevance in the development of eco-friendly green solvent-based herbal
formulations as a sustainable crop protection alternative to hazardous chemical pesticides.

1. Introduction

Chemical fungicides used for plant protection might leave hazardous residues, endangering human and environmental health as well as
non-target creatures (Bhandari et al., 2020; Rani et al., 2020). (Barbieri et al., 2020). Furthermore, due to rising crop protection costs as a
result of fungicide resistance, the use of some chemical pesticide classes for plant disease control has been curtailed (Gao et al., 2020). As
a result, developing novel mechanisms for alternative fungicides for sustainable agriculture is a top goal (Campos et al., 2018; Lengai et al.,
2019).

The use of natural antifungal chemicals for plant protection is receiving a lot of attention these days (Jamiolkowska and Kopacki, 2020).
The seeds of the Pongamia pinnata (L.) plant (Family: Leguminaceae) contain a wide range of naturally occurring biologically active
compounds, including flavonoids, terpenoids, phenols, saponins, alkaloids, and fatty acids (Badole et al., 2020; Purkait et al., 2019), as well
as antifungal properties (Badole et al (Raja and Sreenivasulu, 2016; Sharma et al., 2012; Shaheen et al., 2017). Without suitable
formulations, bioactive chemicals in plant extracts can quickly deteriorate and volatilize in the field (Borges et al., 2018). As a result,
improving the efficiency of these natural phytochemicals in farmers' fields may necessitate the development of industrial formulations
(Mugao et al., 2020). Many botanicals have been created using standard aromatic solvents, according to researchers (toluene, xylene, etc.).

These volatile organic solvents, on the other hand, are poisonous to users and have been demonstrated to have unacceptable phytotoxicities
(Kewei et al., 2006), as well as negative environmental consequences due to their non-biodegradability (Donglu et al., 2012). Concerns about
food safety and the environment, as well as growing crude oil prices and the harmful effects of organic solvents, have driven interest in
producing easily degradable, repeatable, and non-petroleum solvents in recent years (Morya et al., 2020). Vegetable oil derivatives, such as
the methyl oleate group of fatty acid methyl esters (FAME), are being studied to see if they can mimic the characteristics and performance of
petroleum-based solvents (Purkait and Hazra, 2019). FAME is a user-friendly, environmentally friendly solvent that is said to be
biodegradable and environmentally benign (Ping et al., 2016).

The goal of this research was to determine the inherent toxicity profiles of routinely used organic solvents against two plant pathogenic
fungus, A. solani and Phytophthora sp. The goal of the research was to create herbal antifungal formulations using Pongamia pinnata seed
oil and the least toxic solvent possible. In-vitro bio-efficacy testing was also carried out against Alternaria solani and Phytophthora spp., the
pathogens that cause early and late blight in tomatoes and potatoes, resulting in severe damage and high production losses of up to 95.8%
(Lees et al.,, 2019; Mugao et al., 2020) and yield losses of up to 79 percent in vegetable crops (Lees et al., 2019). (Kalpashree and Raveesha,
2016; Lal et al., 2016).

2. Methods

2.1. Botanicals, chemicals and reagents

Pongamia pinnata L. (Fabaceae) seeds were collected and taxonomically recognized from the local market. E. Merck India provided
emulsifiers (such as Tween 20, Tween 80, nonylphenol ethoxylates, calcium alkylbenzene sulphonates, and dodecylbenzene sulphonate)
and carrier solvents (such as aromatic hydrocarbon (C-9), dimethy! sulfoxide (DMSO), N,N-dimethylformamide (DMF), and methyl oleate).
Without additional purification, the reagents were employed. As standard hard water of 342 ppm strength with an electrical conductivity (EC)
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value of 0.69 dSm-1, a solution of anhydrous CaCl2 (2.74 mM) and MgCI2.6H20 (0.68 mM) was produced in double-distilled water (1 liter)
(CIPAC MT 18, 1995).

2.2. Hexane extract preparation

Pongamia pinnata seeds were washed carefully under a gentle flow of tap water to eliminate dust and other pollutants before being dried in
the shade at room temperature. As reported in our earlier research paper (Purkait et al., 2019), air-dried seeds (1 kg) were ground to powder in
a household grinder (Bajaj, Bravo DIx 500) and extracted with hexane (4 liters) in a Soxhlet apparatus for 6 hours at 60 C. (Figure 1). The
hexane extract was filtered and concentrated in a rotary vacuum evaporator (Buchi (R-3), Switzerland) at 40°C under decreased pressure
(370 mbar) to yield (28.37 percent) of the desired extract, which was then stored at 4°C for further use.

2.3 Toxicity assessment of organic solvents
2.3.1. Isolation and maintenance of a pure culture

Phytophthora sp. and A. solani were isolated from infected potatoes using a single spore isolation technique, and identified by scientists
from the Department of Plant Pathology, Bidhan Chandra Krishi Viswavidyalaya (BCKV), Mohanpur, West Bengal, India, based on colony
morphology, morphometric characteristics of acervuli, seta, conidia, and conidiophores, as described by Prittesh (2016). Potatoes infected
with the pathogen were chopped into little pieces along the edges of lesions (5 mm in diameter). The pieces were surface sterilized in a 0.1
percent w/v aqueous mercuric chloride solution, rinsed five times, dipped in streptomycin, and placed to a potato dextrose agar (PDA)
growth plate. Mycelial bids were moved from culture plates to PDA slants afterwards and allowed to sporulate for 8—10 days.

The single spore isolation procedure developed by Alexopoulos et al. was used to establish pure cultures of Phytophthora sp. and A. solani
(2002). At 4°C, a pure fungal culture was maintained on PDA media. Conidia from 10-day-old cultures grown on PDA on Petri dishes were
combined to make pathogen inocula. Flooding the plates with sterile distilled water and gentle scraping with a sterile slide were used to
remove conidia from the surface of the media. To eliminate mycelial pieces, the suspensions were filtered through a thin layer of absorbent
cotton wool and the spore number in suspension was adjusted to 106 conidia-mL-1 using a hemocytometer. In in-vitro pathogenicity testing,
this spore suspension was utilized to inoculate banana fingers and chili.

2.3.2. Bioassay in-vitro

Following the poison food technique, an in-vitro bioassay was used to screen out the toxicities of several organic carrier solvents (Jang and
Kulk, 2018). According to the Clinical and Laboratory Standards Institute (CLSI) standard recommendations, the concentration of DMSO, C9,
DMF, and methyl oleate in the final test solutions was 1% (v/v) (Hazen, 2013). At the moment of full radial growth (9 cm) of each control
plate, i.e. 6 days following the incubation period, colony diameters of treatment plates were measured. All treatments and controls were
duplicated three times and incubated at 28 1°C for the duration of the experiment. The following formula was used to compute the
percentage inhibition of mycelial growth (Dutta et al. 2019):

%p inhibition of the mycelial growth = % X100 ... (1

Where dc is the test fungus's average radial growth (cm) on control plates, and dt is the test fungus's average radial growth (cm) in
treatment plates. A statistically significant difference was defined as a difference of p 0.05.

2.4. Preparation of emulsifiable concentrate

With various adjustments, different emulsifiable concentrate (EC) formulations were created using the approach outlined in our earlier article
(Purkait et al., 2019). From the toxicity assessment of organic solvents, seed extract (30 percent w/w) was dissolved in the least harmful
solvent (Methyl oleate) (60 percent w/w) (Section 2.3). To prepare EC formulations, different emulsifiers in a blend (10%) were added to the
extract solution and thoroughly swirled on a magnetic stirrer at 200 rpm at 50-60 C. (Supplementary Figure 1).

2.5. Physico-chemical characteristics

P. pinnata seed extracts were produced in thirteen distinct EC (30% w/w) formulations (EC-1 to EC-13), as indicated in Table 2. The generated
formulations' physico-chemical properties were tested in triplicates according to CIPAC and Indian Standard (IS) requirements (BIS, 1997).

2.5.1. Emulsion stability
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In a clean, transparent beaker, the prepared sample (2 mL) was poured (250 mL). At 32 degrees Celsius, standard hard water was poured on
the sample at a rate of 15 to 20 mL min-1 to get the volume up to 100 mL and swirled constantly with a glass rod. The diluted emulsion was
transferred to a clean and dry graduated cylinder (100 mL) with a stopper and left undisturbed for one hour to check for the formation of any
creamy layer on top or deposition on the bottom (CIPAC MT 36.3, 2003).

2.5.2. Cold test

In ice-cold water, the formed sample (50 mL) was placed in a glass container with a stopper (-10 C). For 1 hour, the container was swirled at
brief intervals and looked for turbidity, an oily layer, or both.

2.5.3. Flashpoint

Abel's equipment was used to test the flashpoints of the produced EC formulations (Scavini, IP0170-110). Each formulation was carefully
placed in the cup and slowly heated. At regular intervals, an external flame was directed at the cup, and the temperature at which the
formulation lit was recorded. The formulation's flashpoint should be above 24.5 C, according to CIPAC MT12 (1995).

2.5.4. Storage stability evaluation

The formulations were stored at increased temperatures (4, 25, and 54 2C) for 14 days in three duplicated sets, equating to a two-year shelf
life at ambient temperature (27 2C) (CIPAC MT46.3, 2000). After fourteen days of storage, the EC formulations were visually examined for
phase separation or the creation of a creamy layer.

2.5.5. pH and specific gravity

A pH meter pre-calibrated at 25 1 C was used to measure the pH of the formed samples (1 percent aqueous solution) (Systronics, Model 335;
Gujarat, India). Using a calibrated hydrometer (Fisher Scientific, 11-603-4F & 11-603-4G), the specific gravity of the produced formulations
was also determined (CIPAC, 2000).

2.6. Bioassay of an emulsifiable concentrate (30 EC) formulation in vitro

The antifungal activity of the produced EC was assessed using an in-vitro bioassay based on the inhibition of A. solani and Phytophthora
sp. mycelial radial growth. In conical flasks containing previously sterilized and cooled PDA medium, four doses (0.1, 0.25, 0.5, and 1.0
percent) of the selected formulation (EC-1) were created alongside a control (without formulation). 15 milliliters of medium were placed into
disinfected petri dishes after thorough mixing (9 cm in diameter).

Five-day-old mycelial discs (7 mm in diameter) were removed and deposited separately in the center of PDA plates using aseptic techniques.
All treatments and control plates were triple-duplicated and incubated at 28°C. At the moment of full radial growth (9 cm) of each control
plate, i.e. 6 days following the incubation period, the colony diameters of the treatment plates were measured. Section 2.3.2 shows how to
compute the percentage inhibition of mycelial development using equation (1). (Dutta et al. 2019). The logarithm of each concentration and
the accompanying probit value for each inhibition percentage were used to compute the EC50 values of various concentrations.

3. Results

3.1. Toxicity of the solvents

The effects of organic solvents on the growth of two plant pathogenic fungus, A. solani and Phytophthora sp., were studied (Figure 2). The
solvent DMF had the most potent inhibitory effect on A. solani fungal growth (Figure 2: A4), while DMSO had the most potent inhibitory
effect on Phytophthora sp (Figure 2: P3).

Table 1 shows the results of the inhibition of fungal growth. Table 1 shows that DMF (18.2-22.4%) had the greatest inhibitory effect on
fungal growth, followed by DMSO (16.7-18.7%). DMSO has previously been shown to be harmful to Botrytis cinerea at concentrations of 1.0
percent (Randhawa, 2006) and 0.5 percent (Randhawa, 2006). (Petruccelli et al., 2020).

When methyl oleate was utilized as a solvent (3.3-5.6 percent), the least inhibitory impact was detected, followed by C-9 (4.7-13.3). (Table
2). As a result, the observed toxicity of the solvents on fungal growth can be arranged as Methyl oleate C-9 DMSO DMF. The findings match
those previously published (Dyrda et al., 2019; Okumura et al., 2001). As a result, the carrier solvent for the production of the herbal
fungicidal formulation from P. pinnata seed oil was found as methyl oleate, which has the least toxic effect on the fungi.

Table 1. Inhibition of radial growth of two fungi using organic solvents @ 1.0% dilution
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Solvents % inhibition of radial* growth of the fungi
Alternaria solani Phytophthora sp.

Methyl oleate 3.34 5.61

Aromatic hydrocarbon (C-9) 4.73 13.35
Dimethyl sulfoxide (DMSO) 18.68 16.72
N,N-dimethyl formamide (DMF) 18.24 22.38

* Data are average of three observations

3.2. Development of EC formulations of P, pinnata extract

Emulsifiable Concentrate (EC) formulations were created utilizing P. pinnata seed extract (30%) and methyl oleate (60%) as the least
hazardous suitable solvent. To prepare the EC formulations (EC-1 to EC-13), different combinations of emulsifiers (such as NP-13, CABS,
DBS, Triton—X-100, Tween 20, Tween 80, Span 60, and Span 40) were utilized as blends (10%). The blend emulsifiers' hydrophilic-lypophilic
balance (HLB) value met the 10-17 HLB requirement for EC formulation (Fernandes et al., 2013). Table 2 lists the physicochemical
characteristics of the developed EC formulations.

3.2.1. Physico-chemical properties

Because of the natural colour of P. pinnata seed extract, the produced formulations appeared translucent and light brown. The formulations'
pH (6.4-6.8), specific gravity (0.978-0.984), and flash point (66—78 oC) are all satisfactory (Table 2). (Purkait et al., 2019). EC-3 and EC-10,
on the other hand, produced unstable emulsions among the EC formulations. The cold test also demonstrated phase separation in the
formulations EC-3, EC-6, EC-8, EC-10, EC-11, and EC-13 (Table 3), indicating that they are unsuitable for further development.

3.2.2. Stability of storage

EC-1, EC-5, and EC-9 were shown to be stable after 14 days of accelerated storage at 4, 25, and 54 degrees Celsius and passed all physico-
chemical tests (Table 2). These formulations resulted in milky white emulsions with good blooming phenomena during emulsification. After
a one-hour dilution in ordinary hard water, no flocculation or creamy layer separation occurred.

Table 2. Results of physico-chemical properties of EC formulations of P pinnata seed extract (30%) using methyl oleate (FAME, 60%) as
solvent
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Formulation  Composition of Emulsifiers (10%, Emulsion  Cold test pH* Sp. Flash  Storage stability after 14
code w/w) stability Gravity point daysat
C
Name Ratio HLB HLB ()
(blend) . . .
value 4C+1 25C+1 54 Ct1
EC-1 NP-13 1:1 14.57 12.53 Dense Pass 6.6 0.980 72 Pass Pass Pass
milky
CABS 10.50
EC-2 DBS? 4:1 10.50 10.50 Dense Pass 6.5 0.984 74 Fail Pass Pass
milky
DBSP 10.50
EC-3 Tween 1:1 15.0 15.86 Not Phase 6.6 0.978 70 Pass Pass Fail
80 stable separation
Tween 16.72
20
EC-4 Tween 1:2 15.0 8.13 Dense Pass 6.6 0.983 72 Pass Fail Pass
80 milky
4.7
Span
60
EC-5 Tween 1:1.5  16.72 10.71 Dense Pass 6.6 0.980 71 Pass Pass Pass
20 milky
Span 6.7
40
EC-6 DBS? 1:1 14.57 12.53 Milky Phase 6.8 0982 68 Pass Fail Fail
separation
CABS 10.50
EC-7 NP-13 2:3 14.57 1213 Dense Pass 6.4  0.981 76 Fail Fail Pass
milky
EC-8 DBS? 4:1 10.50 11.08 Milky Phase 6.5 0.984 72 Fail Pass Fail
separation
Triton- 13.4
x-100
EC-9 CABS 1.5:1 150 15.69 Milky Pass 6.6 0978 74 Pass Pass Pass
Tween
20 16.72
EC-10 Tween 1:0 15.0 15.0 Not Phase 6.6 0983 72 Fail Fail Fail
80 16.72 stable separation
Span
60
EC-11 Tween 1:1.5  16.72 10.71 Milky Phase 6.6 0.980 73 Fail Pass Pass
20Span separation
40 6.7
EC-12 DBSP 1:1 1457 12.53 Dense Pass 6.8 0.982 78 Pass  Fall Pass
milky
CABS 10.50
EC13 NP-13 2:3 14.57 13.87 Milky Phase 6.4  0.981 66 Fail Fail Fail
separation
Triton- 13.4
x-100

*FAME: methyl oleate group of fatty acid methyl esters (FAME); NP-13 = nonylphenol ethoxylates (NP-13); CABS = calcium alkyl benzene
sulphonates (CABS); DBS = dodecyl benzene sulphonate (DBS) [a = active matter 60%; b = active matter 70%]; HLB = hydrophilic-lypophilic
balance (HLB);

EC-1 was chosen because it has the best HLB value (12.53) of the surfactant mix for long-term emulsion stability. Because of differences in
the hydrophile-lipophile balance of the emulsifier system from lot to lot of solvent or batch to batch of pesticidal chemical, modifications in
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the hydrophile-lipophile balance of the emulsifier system may be necessary to achieve consistent emulsification in the completed product.
The use of the paired-emulsifier system substantially facilitates adjustment. Moreover, these formulations, including EC-1, are transparent,
indicating that the seed oil was dissolved uniformly in the solvent. Unlike most typical liquid formulations, the solution stayed homogeneous
and consistent during application, with no sedimentation or crystallisation issues. Thakur et al. (2014) used 10—-13 percent emulsifiers to
create a 5-20 percent (w/w) EC of turmeric oil. The authors have created an EC formulation of botanicals (30% w/w) with only 10%
emulsifier mixes. The content of seed extract formulations was also improved. Because of the higher active components, there was a lower
solvent requirement and a lower amount of emulsifiers, resulting in lower toxicity.

3.3. Results
3.3.1. Invitro effectiveness against Alternaria solani and Phytophthora sp.

The selected formulation (EC-1 of P. pinnata seed extract) was tested in an in-vitro bioassay against two post-harvest plant diseases, A.
solani and Phytophthorasp. Figures 3 and 4 clearly show the inhibitory effect of the chosen formulation (EC1) on plant pathogen radial
growth. When the concentration levels of the EC-1 formulation were increased, the radial growth of the fungus was reduced compared to
control. Both fungi showed the greatest reduction of fungal growth when given a 1.0 percent dose of EC-1.

After 6 days of incubation, the diameter of the fungal colony in the treated plates was measured at the time of full radial growth (9 cm) in
each control plate, and the results are reported in Table 3. The EC-1 formulation's inhibitory efficacy differed significantly between the two
fungal species. The radial growth of A. solani (3.87 cm) was significantly suppressed (57 percent) at T1 (0.1 percent), compared to
Phytophthora sp. (6.60 cm), which was only decreased by 26.7 percent (Table 3). The fungal growth was gradually reduced as the EC-1
formulation concentrations were increased from 0.1 percent to 1.0 percent. The EC-1 formulation inhibited the growth of A. solani by 87.4
percent at T4 (1.0 percent), but only 71.1 percent in the case of Phytophthora sp (Table 3).

Table 3. Effect of P pinnata seed extract formulation(EC-1) on the growth of Alternaria solani and Phytophthora sp.

Applied concentration of EC-1 Mean radial growth* (cm)(ts.d.) along with growth inhibition (%) of the fungi
Alternaria solani Phytophthora sp.

T, (0.1%) 3.87+0.01 6.60+0.01
[57.0%] [26.7%]

T, (0.25%) 3.13+0.01 5.70+0.022
[65.2%] [36.7%]

T3 (0.50%) 2.60+0.015 5.30+0.023
[71.1%] [41.1%]

T, (1.0%) 1.13+0.03 2.60+0.014
[87.4%] [71.1%]

Ts(Control without EC-1 Formulation) 9.0 9.0

SEm (¢) 0.017 0.016

CD (p < 0.05) 0.052 0.05

ECs, value 0.08% 0.49%

* The data are an average of three observations on colony diameter of treated plates recorded [at the time of full radial growth of each
control plate (9 cm) after 6 days of incubation]; and % inhibition was calculated compared to control; s.d. = standard deviation; SEm =
standard error of mean; CD = Critical difference,

The EC-1 formulation's determined median effective concentration (EC50) value for A. solani was 0.08 percent and 0.49 percent for
Phytophthora sp (Table 3). The antifungal activity of aqueous, alcoholic, and ethyl acetate crude seed extracts (10-50 percent) of P. pinnata
against A. solani was previously described (Kalpashree and Raveesha, 2016; Latha et al., 2009; More and Baig, 2013). Phytophthora
infestans (L) zoospore germination was inhibited by acetone leaf extract of P. pinnata by more than 50%, according to Rani et al. (2017). In
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comparison to an earlier report of only 30% radial growth inhibition by 0.05-2.5 percent crude extract, the effectiveness of P. pinnata extract
formulation against Phytophthora sp. in the current study is significantly superior (Rani et al., 2015; Sarpong, 2016).

4. Discussions

The first stage in developing an emulsifiable concentration is to locate a suitable solvent for the toxicant to be created. The emulsifier that
produces the greatest results in terms of dispersibility and emulsion performance is then chosen. Following that, storage was made to
determine the emulsifier's solubility and compatibility with the toxicant-solvent system. Surfactant systems are normally miscible in
formulation, especially when aromatic-type solvents are utilised. Solvents can change the human skin penetration of pesticides, influence
the composition's toxicity to the human eye, and so on.

As a result, the findings of comprehensive safety reviews must be integrated into labelling. suitable material safety data sheets to ensure the
safety of all those who come into contact with the content. Solvents also have an impact on the phytotoxicity of plant protection
formulations. Hydrocarbon solvents are usually more phytotoxic than other types of solvents. Higher boiling hydrocarbons are more harmful
to plants than lighter solvents. In this study, methyl oleate was found to be the least hazardous organic solvent against both fungi,
outperforming C-9, DMSO, and DMF (Figure 2 and Table 1). Solvents having log P values of 1 to 5 are generally regarded highly hazardous
to microorganisms (Dyrda et al., 2019). As a result, methyl oleate's reduced fungal toxicity may be partly explained by its higher log P value
of 7.45 (Table 4). According to hazard identification and ecotoxicity values, methyl oleate (commonly known as biodiesel) is regarded non-
hazardous and less harmful than other hazardous solvents such as DMF (Pan et al., 2020). (Table 4).

Other exceptional solvent features of methyl oleate include a high flash point, a high boiling range, inflammability, and mid polarity, in
addition to its reasonable price, non-hazardous identity, and low toxicity (Table 4). Furthermore, biodiesel (methyl oleate) is a good
alternative solvent for liquid pesticide formulations due to its simple biodegradability and low production of volatile organic compounds
(VOC). It is easily reproduced from waste cooking oil, waste edible oil, animal fat, and other sources (Bitonto and Pastore, 2019; Jume et al.,
2020). As a result, for the synthesis of herbal fungicidal formulations from P. pinnata seed oil, methyl oleate was regarded a green solvent.

Table 4. Solvency and hazardous properties of different organic solvents used in pesticide formulation

Property Methyl oleate c9 DMSO DMF

Viscosity (cp) 3.3-5.2 0.88 2 0.79

(30°c)

Specific gravity 0.917 0.875 1.0904 0.9445

(30°c)

Flash point (°C) 157-182 42 89 60

Industrial Safety Inflammable Flammable Inflammable Inflammable

Hazard(s) Not considered hazardous Hazardous Hazardous Hazardous

identification”

log P 7.45 3.27 4.96 4.38

Eco-toxicity® Acute risks to aquatic lifeis  Very toxic to Harmful to Due to high volatilization, it is low toxic to
minimal aquatic life aquatic life aquatic life.

Toxicity Non irritant Serious eye Mild irritant Severe irritant

irritation
Price (Rs/Kg) 83 52 125 76

# OSHA Hazard Communication Standard, 2012; SWHO, 2001; Pubchem, 2020; P =partition coefficient of a given solvent in an equimolar
mixture of octanol and water.

Using biodegradable surfactant blends (10%), seed extract (30%) from the plant P. pinnata was made into a transparent and stable
emulsifiable concentrate (EC) that passed the quality requirements set out by CIPAC and IS (BIS, 1997). Plant extract-based formulations
have a difficult time preserving the bioactive chemicals found in the extracts against fast degradation and volatilization under field
circumstances (Borges et al., 2018). Methyl oleate is a mid-polar fatty acid that is well compatible with P. pinnata seed extract and
surfactants, and it has a long shelf life (54 20C for 14 days).
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Purkait and colleagues (2019). The flash point was around 700 °C, which was higher than our prior study (about 500 °C), which used C-9 as
a carrier solvent in the EC formulation and produced better results (Purkait et al., 2019). Liquid products have a high flash point, which
allows for safer storage, transit, and application (Chin et al., 2012a; 2012b). Methyl oleate also improved the distribution of oil droplets over
the applied surface by lowering interfacial tension and contact angle. The low surface tension indicates that P. pinnata elements adsorb
well, uniformly, and easily on the fungal surface, resulting in effective growth inhibition (N.A et al., 2019).

The concentration of the EC-1 formulation (from 0.1 percent to 1.0 percent) considerably enhanced the inhibition of A. solani and
Phytophthora sp. fungal growth. At the highest concentration level of 1%, the maximum growth inhibition of two fungi (71.1-87.4%) was
discovered (Table 3). The sensitivity to fungicides of different species of fungi, or even isolates of the same fungal species, might vary
(Panja et al., 2013). Furthermore, the effectiveness of P. pinnata seed extracts is greatly reliant on the kind, portion, and maturity stage of the
extracted plant, as well as the pathogen's mechanism (Pizzolitto et al., 2015). Antifungal components (17-pentacontene; 2-[5 (2-methyl-
benzo-oxazole-7-yl)-1-H-pyrazole-3-yl]-phenol) in P. pinnata seed extract (Purkait et al., 2020) may also be responsible for the antimicrobial
action found.

5. Conclusions

The solvent utilised in the formulation has a significant impact on the toxicity of fungicides, according to this study. EC-1 outperformed the
other thirteen EC formulations developed from the hexane extract of P. pinnata in terms of emulsion stability, cold test, accelerated storage,
and flash point, demonstrating commercial viability. The use of a biodegradable carrier solvent (methyl oleate) in botanical formulation
development can make the product more environmentally and user-friendly. The study revealed its significance in the development of herbal
fungicide formulations as an alternative to damaging synthetic chemicals, potentially expanding the number of environmentally friendly
plant disease control choices.
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shows the effect of organic solvents [1 = Methyl oleate; 2 = Aromatic hydrocarbon (C-9); 3 = Dimethyl sulfoxide (DMSO); and 4 = N,N-
dimethyl formamide (DMF)] on the growth of two plant pathogenic fungi [A = A. solani; and P = Phytophthora sp.] at a 1.0% dose.

Figure 3

Alternaria solani radial growth after treatment with P pinnata 30EC formulation [@T1: 0.1%, T2: 0.25%, T3: 0.50%,; T4 1.0%, and T5: Control
without formulation]

Figure 4

Phytophthora sp. radial growth after treatment with P pinnata 30EC formulation [@T1: 0.1%, T2: 0.25%, T3: 0.50%,; T4: 1.0%, and T5: Control
without formulation].
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