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Abstract

In the present investigation, we have developed an efficient and eco-friendly proto-

col for the synthesis of pyrazole anchored 1,4-dihydropyridine analogs using pum-

ice-based sulfonic acid (pumice@SO3H) as a recyclable solid acid catalyst under 

simple stirring at room temperature. The present protocol proceeded smoothly with 

1,3-diaryl pyrazole-4-carbaldehydes, ethyl acetoacetate, and  NH4OAc in ethanol as 

a solvent with excellent yield. The pumice-based sulfonic acid catalyst is easily pre-

pared from naturally occurring pumice by simple agitation with chlorosulfonic acid. 

The key features of this catalyst are its heterogeneous nature, high porosity, non-

corrosive and non-toxic nature, recyclability, stable and highly efficient at room tem-

perature. The application of this catalyst makes the protocol more environmentally 

benign.

 * Gopinath Shirole 

 gdshirole@gmail.com
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Novel Pumice@SO3H catalyzed efficient synthesis of 2,4,5-triarylimida-
zoles and acridine-1,8-diones under microwave assisted solvent-free path 
Adinath Tambe a, Anil Gadhave b, Akshay Pathare a, Gopinath Shirole a,* 

a Department of Chemistry, Arts, Science & Commerce College, Rahata, Ahmednagar, Maharashtra, 423107, India 
b Department of Chemistry and Research Centre, Padmashri Vikhe Patil College, Loni, Rahata, Ahmednagar, Maharashtra, 413713, India   

A R T I C L E  I N F O   
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Microwave 
Etc 

A B S T R A C T   

In the present investigation, new heterogeneous catalyst pumice supported sulfonic acid (pumice@SO3H) was 
prepared from natural pumice by simple agitation with chlorosulphonic acid. The catalytic performance of a 
pumice@SO3H was investigated for the synthesis of 2,4,5-triaryl imidazoles and acridine-1,8-diones under mi-
crowave (MW) assisted solvent-free condition. The pumice@SO3H was stable and exhibits a good Brønsted acidic 
character. The beneficial characteristic features observed with this protocol are the recyclability of catalyst, the 
solvent free approach, the applicability to a wide variety of substrates, good to excellent yields, and easy to use. 
The catalyst pumice@SO3H with MW has been increased the green chemistry value of this method.   

1. Introduction 

Pumice is a naturally occurring volcanic material which has attracted 
attention due to various outstanding features associated with it such as 
high abundance, cheaply available, high porosity, large surface area, 
light weight and non-toxic nature. The presence of a high percentage of 
silica and a good number of hydroxyl groups makes it suitable as a 
backbone to develop new heterogeneous solid acid catalysts. The 
pumice supported materials have been employed as heterogeneous 
catalysts in numerous organic transformations (Yuana et al., 2012; 
Venezia et al., 2001; Alver et al., 2016; Deganello et al., 2000). Due to 
the presence of huge numbers of hydroxyl groups, Pumice has been 
converted into several active catalysts such as acidic (Maleki et al., 
2020), nano-composites (Valadi et al., 2020), and metal supported 
catalyst (Liotta et al., 2001; Duca et al., 1995). This volcanic pumice 
material has also been used as adsorbents (Bekaroglu et al., 2010) and as 
photo catalysts in the water treatment (Rao et al., 2003). 

The microwave assisted reactions is a well established green, and the 
minimum time consuming path used for the synthesis of a number of N- 
heterocycles by MCRs. The microwave protocol provides a clean, effi-
cient, quicker, simple and powerful dielectric heating for the construc-
tion of complex heterocyclic compounds (Ahankar et al., 2016; Shirole 
et al., 2017, 2018; Mullassery et al., 2018; Bhatt et al., 2018; Magyar and 
Hell, 2019; Ulus et al., 2016; Zhu et al., 2017; Alirezvani et al., 2019). 

The multicomponent reactions (MCRs) have fascinated exceptional 
protocol for one pot synthesis of diverse heterocyclic compounds. The 
interesting characteristic features of MCRs are their high atom economy, 
synthetic efficiency, single operation, and simplicity (Aute et al., 2020; 
Bienayme et al., 2000; Harikrishna et al., 2020; Naeimi and Didar, 2017; 
Kiyani and Ghorbani, 2015; Alinezhad et al., 2020; Thwin et al., 2019). 
The synthesis of 2,4,5-triarylimidazole (Maleki et al., 2015), and 
acridine-1,8-diones (Yu et al., 2017) are provides the significant illus-
trations of multicomponent reactions. The imidazole and 1,4-dihydro-
pyridine scaffolds are the important class of heterocyclic compounds, 
exhibit promising biological and pharmaceutical activities (Gong et al., 
2016; Weinstein et al., 2007; Trommenschlager et al., 2017; Takle et al., 
2006; Gunduz et al., 2014; Periyasami et al., 2019; Bhosle et al., 2020; 
Naouri et al., 2020; Joubert and Kapp, 2020; Jamalian et al., 2011) and 
also found as a core in various natural products (Fig. 1). Some imidazole 
derivatives are also used in the preparation of ionic liquids which have 
played a dual role in synthetic organic chemistry as a catalyst as well as 
solvents (Alinezhad et al., 2017; Nejatianfar et al., 2018; Ngugyen et al., 
2019; Shirole and Shelke, 2016). 

The imidazole and pyridine based ligands shows a strong coordina-
tion capability and resourceful coordination sites (Guo et al., 2013). 
They display the properties such as luminescence and gas adsorption 
(Chen et al., 2014; Li et al., 2018), luminescence and magnetic proper-
ties (Li et al., 2020), thermal and solid-state fluorescence, anion sensors 
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Abstract: 

A facile protocol has been established for the one-pot synthesis of 2,4,5-trisubstituted 

imidazoles derivatives via three-component condensation of 1,3-diaryl pyrazole aldehydes, 

benzil and ammonium acetate in the presence of catalytic amount of a ionic liquid 

[HNMP][HSO4] as an catalyst under solvent-free condition. The significant features of this 

protocol include high-atom economy, smooth work-up procedure, inexpensive catalyst, easy 

for handling, shorter reaction time, high yield, multi-component approach and solvent-free 

reaction. 

 

Keywords:  

1,3-diaryl pyrazole aldehyde, imidazole, benzil, multi-component strategy, ionic liquid, solvent 

free etc. 

 

Introduction: 

In the last decades, Ionic liquids (ILs) has attracted the interest of the scientific community, 

due to their versatile properties and their applications in organic synthesis, catalysis, 

biocatalysis. The ILs are an excellent alternative to substitute volatile organic solvents in more 

eco-friendly technologies, due to their various outstanding properties such as low vapor 

pressure, thermal and chemical stability, catalytic activity, non-flammability and non-corrosive 

naturei, ii. 

The multicomponent reaction has a great importance due to various properties such as high 

atom economy, one step operation, short reaction time, used for synthesis of various 

heterocycles. The synthesis of 2,4,5-triaryl imidazole derivatives is an important illustration of 

multicomponent reactioniii. They are synthesized via three component condensation of 

aldehyde, benzil and ammonium acetate in the presence of various catalysts such as 

nanomaterials, metal catalyst, zeolites, metal supported catalyst, and acidic as well as basic 

catalyst. Also, various ionic liquids (ILs) are used as an efficient catalyst for the synthesis of 

2,4,5-triaryl imidazole derivativesiv-viii. 

http://heteroletters.org/
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Abstract:  

A sustainable and convenient protocol is developed for the synthesis of polyhydroquinoline 

derivatives under ultrasound irradiation at 45°C in the presence of pumice anchored sulfonic 

acid (Pumice@SO3H) as a recoverable catalyst. These polyhydroquinolines were synthesized 

from aldehydes, dimedone, ethylacetoacetate and ammonium acetate by Hantzsch reaction. 

The attractive features of the present protocol are green approach, good yield, recovery of 

catalyst, easy work-up procedure and simple purification of product whereas the catalyst offers 

simple preparation, high catalytic activity, inexpensive, easy to use, recyclability and stability. 

 

Keywords:  

Pumice@SO3H, polyhydroquinolines, ultrasound irradiation, dimedone, etc. 

 

Introduction: 

Pumice stone obtained due to volcanic eruptions has many advantages such as abundance, 

availability, large surface area, low cost, non-homogeneous nature, and excellent stability. Also 

due to the remarkable properties such as high porosity and high adsorption capacities have 

gained much interest in the field of catalysis. In recent years, the volcanic pumice converted 

into variety of supported active catalytic materials such as pumice@SO3H
i, ii, Pd–Ag catalysts 

supported on pumiceiii, Pumice-modified cellulose fiberiv, Volcanic based hybrid 

nanocompositev, Pumice supported Pd catalystvi, Immobilization of TiO2 on pumice stonevii, 

iron-coated pumiceviii, ix, pumice-supported Pd–Cu catalystsx, etc.   

Multi-component reactions (MCRs) are a constructive approach to synthesize heterocyclic 

compounds with diverse structures. In MCRs, more than two components reacts together in 

single step to produce a targeted heterocyclic system without isolation of any intermediate. Due 

to this, requires short time, reduce energy requirement, reduce quantity of precursors, and are 

useful to increase atom economy. The Hantzsch reaction is one of the most important examples 

of multicomponent reaction which is used for synthesis of polyhydroquinoline derivativesxi, xii. 

The polyhydroquinoline derivatives is of great attention due to their various activities such as 

anti-cancer, anti-diabetic, anti-hypertensive, anti-inflammatory, anti-microbial, anti-

http://heteroletters.org/
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Abstract: Citrus lemon juice is found to be an efficient natural organo catalyst for the one pot 

three component synthesis of 1, 4 dihydropyridines using aromatic aldehydes, ethyl 

acetoacetate and ammonium acetate at 80oC under solvent-free condition. The crucial features 

of this protocol are use of non-toxic and readily available natural catalyst, good to excellent 

yield, green synthesis, solvent-free condition and shorter reaction time with no by-products. 

 

Keywords: 1, 4 dihydropyridines, citrus lemon juice, green synthesis, natural catalyst, solvent-

free condition. 

 

Introduction 

Nowadays, the pollution related issues have become a major concern. In this context the green 

approach for the synthesis of organic molecules of biological significance has gained 

importance. In multicomponent reaction (MCR) three or more reactants combine to form a 

producti. The product molecule is obtained in one step and one pot. The multicomponent 

reactions have advantages such as atom economy, selectivity, efficiency and no by-productsii. 

The organic Bronsted acids and amines were used as homogeneous catalyst in multicomponent 

reactions. The Lewis acid supported on solid materials is also used in multicomponent 

reactionsiii.  

The naturally occurring catalyst becomes important due to features such as green, cheap, easily 

availability and safe. The fruit juice is employed in to execute the multicomponent organic 

reactions due to its catalytic propertiesiv, v. One of them is lemon juice which contains citric 

acid (5-7%), ascorbic acid (0.5%) and other organic acids having pH in acidic regioniv. The 

lemon juice is useful in the treatment of arthritis and rheumatism, heart disease, cancer 

prevention, high blood pressure, prevents kidney stone, asthma and etciv. The citrus lemon juice 

has properties such as antioxidant and antimicrobial, pharmacological, anti-inflammatory, anti-

cancer, antiallergy, cardiovascular protection, neuroprotective and hepato protectivevi-ix. 

Recently, the juice of citrus lemon is also used as a catalyst in different organic reactionx-xiii. 
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Abstract: Tea powder waste is used an efficient natural green catalyst for the one pot three 

component synthesis of amidoalkyl naphthol using aromatic aldehyde, 2-naphthol and 

acetamide at reflux condition. The catalyst could be recovered and reused at least five times 

without appreciable decreasing the catalytic activity. The nontoxic solvent, excellent yield, 

short reaction time, green synthesis and natural eco-friendly catalyst are the advantages of 

present protocol.  

 

Keywords: Amidoalkyl naphthol, green synthesis, natural catalyst. 

 

Introduction 

In organic synthesis multi-component reaction are used due to its selectivity and high atom 

economy. In Ritter type reaction the formation of C-N gives N-alkyl amide compounds are of 

biologically active ingredientsi. This type of reaction is associated with condensation of aryl 

aldehydes, beta naphthol and acetamide in presence of different catalysts like silica sulphuric 

acidii, Ce(SO4)2
iii, HClO4-SiO2

iv, FeCl3-SiO2
v, montmorillonite K10vi, Ag nanoparticlesvii, 

bismuth (III) nitrate pentahydrateviii, nano sulphated zirconiaix,  nano-graphene oxidex, 

magnetic nano-Fe3O4@SiO2@Hexamethylene tetramine supported ionic liquidxi, 

tetrachlorosilanexii,  K5CoW12O40∙3H2O
xiii and cation-exchanged resinsxiv. The reported 

methods have some limitations such as use of toxic reagents, tedious work up, hazardous 

solvent, high reaction temperature and formation of by-products. Therefore, it become a 

challenge to develop new cost-effective method for synthesis of 1-amidoalkyl-2-naphthols.  

 According to Research Department of India the consumption of tea powder in India 

was approximately 1.1 billion kilograms during the financial year 2021. So, the large amount 

of waste tea powder was introduced in the environment. The tea powder consists of 

carboxylate, aromatic, phenolic, hydroxyl groups, oxyl groups, carbon and calciumxv. The tea 

waste was used as adsorbent for the removal of dyes and heavy metalsxv. The attempt was 
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Abstract 

Fuzzy Logic Controllers are used in variety of Control Applications due its superior 

performance. The control action can be made more and more efficient if the Fuzzy systems 

are tuned properly. This tuning can be done with help of Genetic Algorithm(GA). In this 

paper we have presented simulation of Fuzzy Logic Controller (FLC) implemented in 

Simulink model of Greenhouse. This FLC is tuned by using GA and its performance is 

studied. The control of greenhouse temperature is studied with FLC and GA tuned FLC. 

The Simulink Models are Simulated under various climate conditions and results are 

studied. The GA-FLC shown better performance. 

 

Keywords: Fuzzy Logic Controller, Genetic Algorithm, Tuning of FLC, Greenhouse 

Climate Control. 

 

1. Introduction 

In 1965 Lotfi A. Zadeh put forth the idea of Fuzzy Set Theory to describe precise 

information of system dynamics. It is based on human capability of reasoning and 

interpretation [1]. In fuzzy sets the imprecise information is presented by using linguistic 

terms instead in crisp or mathematical form. A temperature parameter can be expressed as 

15oC, 30oC or 45oC according to observations. In Fuzzy Logic it is expressed as ‘cold’, 
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Abstract- The novel Corona virus (n-CoV-2) pandemic entered India from Wuhan, China. It 
invaded rest of the world including India in the month of March. The lockdown (25 March-03 
May 2020) was set in motion by Indian and respective state governments, because of which 
the virus transmitted with a slow rate as compared to other countries. On the one hand, 
environment has been temporarily healing from these 40 days lockdown, on the other, there is 
a massive downfall/wreck/breakdown in the stock market. The Indian Government has taken 
numerous initiatives for the “Aam-Janta”, to ease the impact of this Pandemic. The pandemic 
has disturbed every sphere of life in the country ranging from agriculture, economy, business 
sector, education and so forth as a result of the lockdown. Therefore, the current article 
attempts to explore the effect of novel corona virus, its transmission in India, discusses its 
impact and also seeks to suggest various ways to overcome this unprecedented situation on 
various aspects from economy to employment and ecommerce to education. 

 

Fig.1 Graphical abstract- Impact of COVID-19 on India 

Introduction- India, the second largest population in the world, is aware of the tremors that 
hit almost every corner of the world. The World Health Organization (WHO) declared the 
COVID-19 as a Pandemic1 on 11 March, 2020. The first case of SARS-CoV-2 was found in 
India2 (Kerala State) on 29 Jan 2020, the students travelling back from Wuhan, had 
symptoms of the virus and then later on till 01st March, 2020 there were only 03 cases. Until 

Electronic copy available at: https://ssrn.com/abstract=3580342
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Abstract- The world is suffering from a small species of diameter 65-125 nm and length of 

about 26-32kbs. A virus which was initially named as SARS-CoV-2 belongs to beta 

coronavirus group. Later on it is named as novel corona virus (2019-nCov) or COVID-19. 

The world health organization declared it as a Pandemic on 11 March, 2020. This is biggest 

manmade disaster, which could be stopped in the initial stage but now it has taken 21% lives 

of the total closed cases, this toll certainly advances to more than 30% worldwide. The death 

tolls of COVID-19 are very large as compared to combination of previous SARS and MARS, 

Ebola and all other viruses. At the current scenario China is recovering but it locked down the 

rest of the world. The virus which is originated from China now spreads in more than 200 

countries and two international conveyances. In the current article the world’s perspective, 

origin, symptoms, medication, transmission and its effect on worlds ECO (-nomy, -logy, -

tourism, -politics, -terrorism) is discussed. 

Introduction-The world faced numerous pandemics and it costs many human lives through 

the years. The viruses spread from animals to human, but the counterpart of the transmission 

will also be possible. This is the worst intense pandemic, after 1918-19 flu in which almost 

one third of the world’s population was infected and 50 million causalities were reported. 

From 2003 epidemics like Severe Acute Respiratory Syndrome (SARS), 2012-Middle East 

Respiratory Syndrome (MERS) and others like  NL63, HCoV-NH, HKU1, H1N1, Ebola etc.1 

were attacking the human life cycle. SARS-CoV emerged in China, where wild animal 

traders and individual animals slaughters were tested positive2. The novel corona virus, 2019-

nCoV (SARS-CoV-2) originated in Wuhan-China3 (Probably transmission through sea food 

Market) causes above 80 k deaths and 1600 k confirmed human infection4 but still its origin 

is shadowy. The fatality rate of SARS-CoV5 was 9·6%; and that of MERS-CoV6 is 35%. It 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3580346
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Novel Pumice@SO3H catalyzed efficient synthesis of 2,4,5-triarylimida-
zoles and acridine-1,8-diones under microwave assisted solvent-free path 
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A B S T R A C T   

In the present investigation, new heterogeneous catalyst pumice supported sulfonic acid (pumice@SO3H) was 
prepared from natural pumice by simple agitation with chlorosulphonic acid. The catalytic performance of a 
pumice@SO3H was investigated for the synthesis of 2,4,5-triaryl imidazoles and acridine-1,8-diones under mi-
crowave (MW) assisted solvent-free condition. The pumice@SO3H was stable and exhibits a good Brønsted acidic 
character. The beneficial characteristic features observed with this protocol are the recyclability of catalyst, the 
solvent free approach, the applicability to a wide variety of substrates, good to excellent yields, and easy to use. 
The catalyst pumice@SO3H with MW has been increased the green chemistry value of this method.   

1. Introduction 

Pumice is a naturally occurring volcanic material which has attracted 
attention due to various outstanding features associated with it such as 
high abundance, cheaply available, high porosity, large surface area, 
light weight and non-toxic nature. The presence of a high percentage of 
silica and a good number of hydroxyl groups makes it suitable as a 
backbone to develop new heterogeneous solid acid catalysts. The 
pumice supported materials have been employed as heterogeneous 
catalysts in numerous organic transformations (Yuana et al., 2012; 
Venezia et al., 2001; Alver et al., 2016; Deganello et al., 2000). Due to 
the presence of huge numbers of hydroxyl groups, Pumice has been 
converted into several active catalysts such as acidic (Maleki et al., 
2020), nano-composites (Valadi et al., 2020), and metal supported 
catalyst (Liotta et al., 2001; Duca et al., 1995). This volcanic pumice 
material has also been used as adsorbents (Bekaroglu et al., 2010) and as 
photo catalysts in the water treatment (Rao et al., 2003). 

The microwave assisted reactions is a well established green, and the 
minimum time consuming path used for the synthesis of a number of N- 
heterocycles by MCRs. The microwave protocol provides a clean, effi-
cient, quicker, simple and powerful dielectric heating for the construc-
tion of complex heterocyclic compounds (Ahankar et al., 2016; Shirole 
et al., 2017, 2018; Mullassery et al., 2018; Bhatt et al., 2018; Magyar and 
Hell, 2019; Ulus et al., 2016; Zhu et al., 2017; Alirezvani et al., 2019). 

The multicomponent reactions (MCRs) have fascinated exceptional 
protocol for one pot synthesis of diverse heterocyclic compounds. The 
interesting characteristic features of MCRs are their high atom economy, 
synthetic efficiency, single operation, and simplicity (Aute et al., 2020; 
Bienayme et al., 2000; Harikrishna et al., 2020; Naeimi and Didar, 2017; 
Kiyani and Ghorbani, 2015; Alinezhad et al., 2020; Thwin et al., 2019). 
The synthesis of 2,4,5-triarylimidazole (Maleki et al., 2015), and 
acridine-1,8-diones (Yu et al., 2017) are provides the significant illus-
trations of multicomponent reactions. The imidazole and 1,4-dihydro-
pyridine scaffolds are the important class of heterocyclic compounds, 
exhibit promising biological and pharmaceutical activities (Gong et al., 
2016; Weinstein et al., 2007; Trommenschlager et al., 2017; Takle et al., 
2006; Gunduz et al., 2014; Periyasami et al., 2019; Bhosle et al., 2020; 
Naouri et al., 2020; Joubert and Kapp, 2020; Jamalian et al., 2011) and 
also found as a core in various natural products (Fig. 1). Some imidazole 
derivatives are also used in the preparation of ionic liquids which have 
played a dual role in synthetic organic chemistry as a catalyst as well as 
solvents (Alinezhad et al., 2017; Nejatianfar et al., 2018; Ngugyen et al., 
2019; Shirole and Shelke, 2016). 

The imidazole and pyridine based ligands shows a strong coordina-
tion capability and resourceful coordination sites (Guo et al., 2013). 
They display the properties such as luminescence and gas adsorption 
(Chen et al., 2014; Li et al., 2018), luminescence and magnetic proper-
ties (Li et al., 2020), thermal and solid-state fluorescence, anion sensors 

* Corresponding author. 
E-mail address: gdshirole@gmail.com (G. Shirole).  

Contents lists available at ScienceDirect 

Sustainable Chemistry and Pharmacy 
journal homepage: www.elsevier.com/locate/scp 

https://doi.org/10.1016/j.scp.2021.100485 
Received 5 April 2021; Received in revised form 11 June 2021; Accepted 3 July 2021   

mailto:gdshirole@gmail.com
www.sciencedirect.com/science/journal/23525541
https://www.elsevier.com/locate/scp
https://doi.org/10.1016/j.scp.2021.100485
https://doi.org/10.1016/j.scp.2021.100485
https://doi.org/10.1016/j.scp.2021.100485
http://crossmark.crossref.org/dialog/?doi=10.1016/j.scp.2021.100485&domain=pdf


Vol.:(0123456789)

Research on Chemical Intermediates

https://doi.org/10.1007/s11164-021-04649-7

1 3

Pumice‑based sulfonic acid: a sustainable and recyclable 
acidic catalyst for one‑pot synthesis of pyrazole anchored 
1,4‑dihydropyridine derivatives at room temperature

Adinath Tambe1 · Gayatri Sadaphal1 · Ravindra Dhawale1 · Gopinath Shirole1

Received: 14 July 2021 / Accepted: 23 December 2021 

© The Author(s), under exclusive licence to Springer Nature B.V. 2022

Abstract

In the present investigation, we have developed an efficient and eco-friendly proto-

col for the synthesis of pyrazole anchored 1,4-dihydropyridine analogs using pum-

ice-based sulfonic acid (pumice@SO3H) as a recyclable solid acid catalyst under 

simple stirring at room temperature. The present protocol proceeded smoothly with 

1,3-diaryl pyrazole-4-carbaldehydes, ethyl acetoacetate, and  NH4OAc in ethanol as 

a solvent with excellent yield. The pumice-based sulfonic acid catalyst is easily pre-

pared from naturally occurring pumice by simple agitation with chlorosulfonic acid. 

The key features of this catalyst are its heterogeneous nature, high porosity, non-

corrosive and non-toxic nature, recyclability, stable and highly efficient at room tem-

perature. The application of this catalyst makes the protocol more environmentally 

benign.

 * Gopinath Shirole 

 gdshirole@gmail.com

1 Department of Chemistry, A.S.C. College, University of Pune, Rahata, Ahmednagar, 

Maharashtra 423107, India

http://crossmark.crossref.org/dialog/?doi=10.1007/s11164-021-04649-7&domain=pdf


 

 

539 
 

 
 
Heterocyclic Letters                                                                                                               
Vol. 12| No.3|539-551|May-July|2022        
ISSN : (print) 2231–3087 / (online) 2230-9632  
CODEN: HLEEAI 
http://heteroletters.org 

 

 

PUMICE@SO3H CATALYZED ULTRASOUND MEDIATED SYNTHESIS OF 

POLYHYDROQUINOLINE DERIVATIVES. 

 

 

Adinath Tambea, Vaishnavi Tambea, Rahul Narodea, Sunita Ambadkara, Amol Pagarea, 

Vijay Kadnor b, Gopinath Shirole*a 

 

aDepartment of Chemistry, A. S. C. College, Rahata, Dist-Ahmednagar, MS-423107, 
bDepartment of Chemistry , A. C. S. College, Satral, Ahmednagar, MS-413711, India. 

*Corresponding author. E-mail address:gdshirole@gmail.com 

 

 

Abstract:  

A sustainable and convenient protocol is developed for the synthesis of polyhydroquinoline 

derivatives under ultrasound irradiation at 45°C in the presence of pumice anchored sulfonic 

acid (Pumice@SO3H) as a recoverable catalyst. These polyhydroquinolines were synthesized 

from aldehydes, dimedone, ethylacetoacetate and ammonium acetate by Hantzsch reaction. 

The attractive features of the present protocol are green approach, good yield, recovery of 

catalyst, easy work-up procedure and simple purification of product whereas the catalyst offers 

simple preparation, high catalytic activity, inexpensive, easy to use, recyclability and stability. 

 

Keywords:  

Pumice@SO3H, polyhydroquinolines, ultrasound irradiation, dimedone, etc. 

 

Introduction: 

Pumice stone obtained due to volcanic eruptions has many advantages such as abundance, 

availability, large surface area, low cost, non-homogeneous nature, and excellent stability. Also 

due to the remarkable properties such as high porosity and high adsorption capacities have 

gained much interest in the field of catalysis. In recent years, the volcanic pumice converted 

into variety of supported active catalytic materials such as pumice@SO3H
i, ii, Pd–Ag catalysts 

supported on pumiceiii, Pumice-modified cellulose fiberiv, Volcanic based hybrid 

nanocompositev, Pumice supported Pd catalystvi, Immobilization of TiO2 on pumice stonevii, 

iron-coated pumiceviii, ix, pumice-supported Pd–Cu catalystsx, etc.   

Multi-component reactions (MCRs) are a constructive approach to synthesize heterocyclic 

compounds with diverse structures. In MCRs, more than two components reacts together in 

single step to produce a targeted heterocyclic system without isolation of any intermediate. Due 

to this, requires short time, reduce energy requirement, reduce quantity of precursors, and are 

useful to increase atom economy. The Hantzsch reaction is one of the most important examples 

of multicomponent reaction which is used for synthesis of polyhydroquinoline derivativesxi, xii. 

The polyhydroquinoline derivatives is of great attention due to their various activities such as 

anti-cancer, anti-diabetic, anti-hypertensive, anti-inflammatory, anti-microbial, anti-

http://heteroletters.org/


Highlight

Highlight



Vol.:(0123456789)

Research on Chemical Intermediates

https://doi.org/10.1007/s11164-021-04649-7

1 3

Pumice‑based sulfonic acid: a sustainable and recyclable 
acidic catalyst for one‑pot synthesis of pyrazole anchored 
1,4‑dihydropyridine derivatives at room temperature

Adinath Tambe1 · Gayatri Sadaphal1 · Ravindra Dhawale1 · Gopinath Shirole1

Received: 14 July 2021 / Accepted: 23 December 2021 

© The Author(s), under exclusive licence to Springer Nature B.V. 2022

Abstract

In the present investigation, we have developed an efficient and eco-friendly proto-

col for the synthesis of pyrazole anchored 1,4-dihydropyridine analogs using pum-

ice-based sulfonic acid (pumice@SO3H) as a recyclable solid acid catalyst under 

simple stirring at room temperature. The present protocol proceeded smoothly with 

1,3-diaryl pyrazole-4-carbaldehydes, ethyl acetoacetate, and  NH4OAc in ethanol as 

a solvent with excellent yield. The pumice-based sulfonic acid catalyst is easily pre-

pared from naturally occurring pumice by simple agitation with chlorosulfonic acid. 

The key features of this catalyst are its heterogeneous nature, high porosity, non-

corrosive and non-toxic nature, recyclability, stable and highly efficient at room tem-

perature. The application of this catalyst makes the protocol more environmentally 

benign.

 * Gopinath Shirole 

 gdshirole@gmail.com

1 Department of Chemistry, A.S.C. College, University of Pune, Rahata, Ahmednagar, 

Maharashtra 423107, India

http://crossmark.crossref.org/dialog/?doi=10.1007/s11164-021-04649-7&domain=pdf


 

 

539 
 

 
 
Heterocyclic Letters                                                                                                               
Vol. 12| No.3|539-551|May-July|2022        
ISSN : (print) 2231–3087 / (online) 2230-9632  
CODEN: HLEEAI 
http://heteroletters.org 

 

 

PUMICE@SO3H CATALYZED ULTRASOUND MEDIATED SYNTHESIS OF 

POLYHYDROQUINOLINE DERIVATIVES. 

 

 

Adinath Tambea, Vaishnavi Tambea, Rahul Narodea, Sunita Ambadkara, Amol Pagarea, 

Vijay Kadnor b, Gopinath Shirole*a 

 

aDepartment of Chemistry, A. S. C. College, Rahata, Dist-Ahmednagar, MS-423107, 
bDepartment of Chemistry , A. C. S. College, Satral, Ahmednagar, MS-413711, India. 

*Corresponding author. E-mail address:gdshirole@gmail.com 

 

 

Abstract:  

A sustainable and convenient protocol is developed for the synthesis of polyhydroquinoline 

derivatives under ultrasound irradiation at 45°C in the presence of pumice anchored sulfonic 

acid (Pumice@SO3H) as a recoverable catalyst. These polyhydroquinolines were synthesized 

from aldehydes, dimedone, ethylacetoacetate and ammonium acetate by Hantzsch reaction. 

The attractive features of the present protocol are green approach, good yield, recovery of 

catalyst, easy work-up procedure and simple purification of product whereas the catalyst offers 

simple preparation, high catalytic activity, inexpensive, easy to use, recyclability and stability. 

 

Keywords:  

Pumice@SO3H, polyhydroquinolines, ultrasound irradiation, dimedone, etc. 

 

Introduction: 

Pumice stone obtained due to volcanic eruptions has many advantages such as abundance, 

availability, large surface area, low cost, non-homogeneous nature, and excellent stability. Also 

due to the remarkable properties such as high porosity and high adsorption capacities have 

gained much interest in the field of catalysis. In recent years, the volcanic pumice converted 

into variety of supported active catalytic materials such as pumice@SO3H
i, ii, Pd–Ag catalysts 

supported on pumiceiii, Pumice-modified cellulose fiberiv, Volcanic based hybrid 

nanocompositev, Pumice supported Pd catalystvi, Immobilization of TiO2 on pumice stonevii, 

iron-coated pumiceviii, ix, pumice-supported Pd–Cu catalystsx, etc.   

Multi-component reactions (MCRs) are a constructive approach to synthesize heterocyclic 

compounds with diverse structures. In MCRs, more than two components reacts together in 

single step to produce a targeted heterocyclic system without isolation of any intermediate. Due 

to this, requires short time, reduce energy requirement, reduce quantity of precursors, and are 

useful to increase atom economy. The Hantzsch reaction is one of the most important examples 

of multicomponent reaction which is used for synthesis of polyhydroquinoline derivativesxi, xii. 

The polyhydroquinoline derivatives is of great attention due to their various activities such as 

anti-cancer, anti-diabetic, anti-hypertensive, anti-inflammatory, anti-microbial, anti-

http://heteroletters.org/


 

 

539 
 

 
 
Heterocyclic Letters                                                                                                               
Vol. 12| No.3|539-551|May-July|2022        
ISSN : (print) 2231–3087 / (online) 2230-9632  
CODEN: HLEEAI 
http://heteroletters.org 

 

 

PUMICE@SO3H CATALYZED ULTRASOUND MEDIATED SYNTHESIS OF 

POLYHYDROQUINOLINE DERIVATIVES. 

 

 

Adinath Tambea, Vaishnavi Tambea, Rahul Narodea, Sunita Ambadkara, Amol Pagarea, 

Vijay Kadnor b, Gopinath Shirole*a 

 

aDepartment of Chemistry, A. S. C. College, Rahata, Dist-Ahmednagar, MS-423107, 
bDepartment of Chemistry , A. C. S. College, Satral, Ahmednagar, MS-413711, India. 

*Corresponding author. E-mail address:gdshirole@gmail.com 

 

 

Abstract:  

A sustainable and convenient protocol is developed for the synthesis of polyhydroquinoline 

derivatives under ultrasound irradiation at 45°C in the presence of pumice anchored sulfonic 

acid (Pumice@SO3H) as a recoverable catalyst. These polyhydroquinolines were synthesized 

from aldehydes, dimedone, ethylacetoacetate and ammonium acetate by Hantzsch reaction. 

The attractive features of the present protocol are green approach, good yield, recovery of 

catalyst, easy work-up procedure and simple purification of product whereas the catalyst offers 

simple preparation, high catalytic activity, inexpensive, easy to use, recyclability and stability. 

 

Keywords:  

Pumice@SO3H, polyhydroquinolines, ultrasound irradiation, dimedone, etc. 

 

Introduction: 

Pumice stone obtained due to volcanic eruptions has many advantages such as abundance, 

availability, large surface area, low cost, non-homogeneous nature, and excellent stability. Also 

due to the remarkable properties such as high porosity and high adsorption capacities have 

gained much interest in the field of catalysis. In recent years, the volcanic pumice converted 

into variety of supported active catalytic materials such as pumice@SO3H
i, ii, Pd–Ag catalysts 

supported on pumiceiii, Pumice-modified cellulose fiberiv, Volcanic based hybrid 

nanocompositev, Pumice supported Pd catalystvi, Immobilization of TiO2 on pumice stonevii, 

iron-coated pumiceviii, ix, pumice-supported Pd–Cu catalystsx, etc.   

Multi-component reactions (MCRs) are a constructive approach to synthesize heterocyclic 

compounds with diverse structures. In MCRs, more than two components reacts together in 

single step to produce a targeted heterocyclic system without isolation of any intermediate. Due 

to this, requires short time, reduce energy requirement, reduce quantity of precursors, and are 

useful to increase atom economy. The Hantzsch reaction is one of the most important examples 

of multicomponent reaction which is used for synthesis of polyhydroquinoline derivativesxi, xii. 

The polyhydroquinoline derivatives is of great attention due to their various activities such as 

anti-cancer, anti-diabetic, anti-hypertensive, anti-inflammatory, anti-microbial, anti-

http://heteroletters.org/


BEPLS Vol  10 [9] August 2021             132 | P a g e            ©2021 AELS, INDIA 

Bulletin of Environment, Pharmacology and Life Sciences 
Bull. Env. Pharmacol. Life Sci., Vol 10 [9] August 2021 : 132-136 
©2021 Academy for Environment and Life Sciences, India 
Online ISSN 2277-1808 
Journal’s URL:http://www.bepls.com 
CODEN: BEPLAD 
ORIGINAL ARTICLE                      OPEN ACCESS 

 

Effect of Farm Pond Algae on Productivity in Cucumis Sativus L. 
Using Aqueous and Cow Urine Extracts 

 
Aher A.A1 and Wable A. S.2 

1Ph.D. Student Dept. of Botany and Research Centre, PadmashreeVikhePatil College of Arts, Science and 
Commerce, Pravaranagar, Loni-413736, India.  

email-ashwini.aher10@gmail.com 
2Asst. Professor and Research Guide, Dept. of Botany and Research Centre, Padmashree VikhePatil College 

of Arts, Science and Commerce, Pravaranagar, Loni-413736, India. email-dranilwabale78@gmail.com 
 

ABSTRACT 
The emergence of biofertilizer as a potential environmentally friendly inputs for supplementing the plant growth has 
been incredible and found supporting agricultural sustainability. Hence, in present study an attempt was made to assess 
the efficacy of fresh water algae from the farm ponds on the yield parameters in Cucumis sativus L. The field trial was 
conducted with RBD design and seven treatments were used with control, algal aqueous and algal cow urine extract by 
using algae from two farm ponds. Different concentrations of algae were applied through foliar application as per the 
standard methods. The results revealed that farm pond algae has promotive role in the yield of Cucumis Sativus L. The 
farm pond algae in 15 % cow urine extract had shown prominent result in the form of increased fruit length, diameter, 
total fruits per plant and total yield over the control which is almost close to the yield using commercial nutrients.  
Keywords: RBD design, Cucumis Sativus, Cow Urine Extracts 
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INTRODUCTION 
The introduction of green revolution technologies in the agriculture marked striking quantitative increase 
in food production which was the welcoming sign, and it was hailed as one of the most significant matters 
of pride for a country like India in its long struggle for a better life. In the 1960s and the 70s, it was 
impressive progress made by India in food production as it was a significant achievement for any third 
world country. However, the journey of Indian agriculture since the green revolution has always raised 
the doubts about the quality of food it is serving. Although use of fertilizers and pesticides is inevitable, its 
entry in the food chain has questioned the intention and people across the world have started asking for 
the alternative sources for nutrients and pesticides [11-18].  
It is believed that, as long as the agriculture system continues to use large scale chemical fertilizers, 
sustainability cannot be achieved [14]. The consumers and farmers share a strong desire for agricultural 
sustainability, increasing anxiety about pollution, and damage to the environment. They also have a 
strong desire and willingness to engage with new farming technology that can produce more nutritious 
and pollutants free food [4-7]. 
The emergence of biofertilizer as a potential environmentally friendly inputs for supplementing the plant 
growth has been incredible and found supporting agricultural sustainability. They meet the plant nutrient 
requirement as well as minimize the use of chemical fertilizers. [20, 19]. Freshwater algae have a high 
percentage of nutrients incorporated into their major biochemical properties and metabolites such as 
carbohydrates and protein [24]. The variety of substances excreted by blue-green algal extract influences 
plant growth and development in a variety of ways [18]. Algal microorganisms are found benefiting the 
plants by the synthesizing growth enhancing hormones.  With this background, the study was conducted 
to assess the efficacy of fresh water algae from the farm ponds on the yield parameters in Cucumis sativus 
L.  
 
MATERIAL AND METHODS 
The farm ponds for collection of algal samples were identified from village Wakadi (19.6697° N, 74.5730° 
E) in RahataTaluka and village Sawargaontal (19.4863° N, 74.1651° E) in Sangamner Taluka of 
Ahmednagar district, Maharashtra, India. The algal material was handpicked from the pond and washed 
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with water and brought to the laboratory in polythene bags.  The collected samples were labelled as 
Sample 1 – Algae from farm pond of village Wakadi and Sample 2 - Algae from farm pod of village 
Sawargaontal.  The dried algal mixture was used for the preparation of algal aqueous extract. 100 gm 
material of algal mixture was taken and boiled in 1000 ml distilled water to make final volume up to 100 
ml. This process was repeated for obtaining the required amount of algal extract to be used for 
experimental trials. Using this standard algal extract 15 % algal extracts were prepared separately for 
both samples [9].  Cow urine extract was prepared for both samples using cow urine instead of distilled 
water.   
The field trial was conducted to study the effect of algal extracts on the growth of Cucumis sativus L. The 
field was selected as per the recommendations for the farming practices. The field experiment was 
carried out from February 2019 to May 2020.The land for the field trial was prepared by ploughing, and 
the debris was collected by hand. After ploughing the land was thrown into ridges and furrows of 100 cm. 
The ridges and furrows were prepared with the raidger as per the standard method recommended for the 
plant. The farmyard manure was applied to the field in the proportion as recommended. Seven treatment 
sets were designed andthe seeds were treated by soaking them overnight into various concentrations as 
mentioned in table 1.  

Table 1 -Treatment Symbols and treatments. 
Treatment Symbol Concentration  

T1 Control with water  
T2 Control with Cow Urine  
T3 15 % algal aqueous extract of sample 1. 
T4 15 % algal cow urine extract of sample 1. 
T5 15 % algal aqueous extract of sample 2. 
T6 15 % algal cow urine extract of sample 2.  
T7 Commercial Nutrient 

The plantation of Cucumis sativus L. seeds in the field plot was carried out as per the Randomized Block 
Design (RBD). The irrigation was done as per the requirement of the plants at approximately weekly 
intervals. After one month, the irrigation interval was maintained, depending on the water requirement of 
the soil and plant.   
As soon as the leaves were developed, the foliar application of algal aqueous extract, algal cow urine 
extract, and nutritional supplement was started. The foliar application of algal extract and commercial 
nutritional supplement was repeated after every 10 days of the first application. The parameters M:F 
ratio, Fruit set, fruit retention, fruit length (cm), Fruit diameter (cm), fruits per plant, fruit yield (gms) 
were recorded.  
 
RESULTS AND DISCUSSION 
Female to male flower ratio (Table 2) was maximum in T2 i.e. 1:2.36 however it was minimum at T1 i.e. 
1:1.80.  
Table 2 Effect of algal extract on Male and Female flower ratio, Fruit set and retention in Cucumis sativus 

L. 
Treatment / 
Parameter 

M:F Ratio Fruit Set Fruit Retention 
Mean SD Mean SD Mean SD 

T1 1:1.80 0.15 20.14 1.77 11.14 1.77 
T2 1:2.36 0.22 21.00 2.45 13.00 2.45 
T3 1:1.86 0.15 34.57 2.07 25.57 2.07 
T4 1:2.00 0.18 36.57 2.57 28.57 2.57 
T5 1:1.86 0.14 35.43 3.21 26.43 3.21 
T6 1:1.94 0.21 36.43 2.07 28.43 2.07 
T7 1:1.99 0.22 38.43 2.94 30.43 2.94 

Total 1:1.97 0.24 31.80 7.62 23.37 7.74 

 F (6, 48) = 7.09,  
p<0.01 

F (6, 48) = 68.28,  
p< 0.01 

F (6, 48) = 70.58, 
p< 0.01 

 
T1 showed minimum fruit set and fruit retention with 20.14 and 11.14 per plant respectively. However, T7 
showed maximum fruit set and fruit retention with 38.43 and 30.43 respectively. Commercial nutrient 
had shown 90.81 % more fruit set over the control, however the algal cow urine extract of sample 1 (T4 
)and algal cow urine extract of sample 2 (T6) have also shown prominent fruit set i.e. 81.58 % and 80.88 
% more than control. Commercial nutrient (T7) had shown 173.16 % more fruit retention over the 
control, however the algal cow urine extract of sample 1 (T4 )and algal cow urine extract of sample 2 (T6) 
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have also shown maximum fruit retention i.e. 156.46 % and 155.21 % more than control. The ANOVA 
examined the effect of treatment on M:F flower ratio  of Cucumis sativus L. which shows that there was a 
statistically significant effect within the treatment with F (6, 48) = 7.09, p<0.01. The ANOVA shows that 
there was a statistically significant effect within the treatment for fruit set with F(6, 48) = 68.28, p< 0.01, for 
fruit retention with F (6, 48) = 70.58, p< 0.01. The algal extract is beneficial in stimulating the fruit setting in 
the cucumber [7]. The seedlings treated with the algal extracts set more flowers than the control. [11]. 
The results are in line with those reported by Taha et al [22]. The mentioned the female flowers between 
39.42 to 46.34 in cucumber followed by application of sea weed extract.  The results are similar to Dinesh 
et .al., [12] who mentioned the sex ratio between 1.40-2.32. Taha et. al,[21] also reported the fruit setting 
in between 77.18-82.76 % which is similar to present study. Ajay et. al., [4] reported the fruit set 
percentage between 71 -81.90 % and fruit retention percentage between 77.23-84.84 % in   Cucumis 
sativus L.). The study outcome is in line with the results of studies conducted by Ansari and Chowdhary 
[6] in bottle gourd, Mir [17] in cucumber and Mehdi et al., [17] in cucumber. 
 
Table 3 -Effect of algal extract on fruit length, diameter, fruits per plant and total yield in Cucumis sativus 

L. 
Treatment/ 
Parameter 

Fruit Length (cm) Fruit Diameter 
(cm) Fruits per plant Fruit Yield (gms) 

Mean SD Mean SD Mean SD Mean SD 
T1 12.43 1.72 11.57 2.88 11.14 1.77 1894.29 301.38 
T2 13.43 1.81 12.14 2.73 13.00 2.45 2275.00 428.66 
T3 14.14 1.07 13.57 2.44 25.57 2.07 4730.71 382.99 
T4 14.86 1.35 15.43 1.81 28.57 2.57 5714.29 514.55 
T5 14.57 1.40 14.57 1.51 26.43 3.21 5021.43 609.36 
T6 15.29 1.50 15.14 1.68 28.43 2.07 5827.86 424.39 
T7 15.43 0.79 15.43 1.51 30.43 2.94 6177.00 595.97 

Total 14.31 1.66 13.98 2.50 23.37 7.74 4520.08 1685.38 

 F (6, 48) = 4.03, 
p<0.01 

F (6, 48) = 3.84, 
p<0.01 

F (6, 48) = 70.58, 
p<0.01 

F (6, 48) = 92.88, 
p<0.01 

 
It is seen from the table 3 that minimum fruit length was reported in T1 with 12.5 cm and maximum fruit 
length was reported at T7 with 15.5 cm. The variation in the fruit diameter was from 11.6 cm at T1 to 15.5 
cm at T7. At the same time the number of fruits per plants varied from 11.1 cm at T1 to 30.4 cm at T7. The 
minimum yield of the fruits was reported at T1 with 1894.3 gms and maximum yield was reported at T7 
with 6177 gms followed by T6 with a yield of 5827.9 gms and T4 with a yield of 5714.3. When the data of 
all parameters was compared with the control treatment, it was observed that T7 had shown 24.14 % 
more length as compare to control, however T4 and T6 had also shown 19.55 % and 23.01 % more 
growth compared to control. Similarly, T7 had shown 33.36 % more fruit diameter compare to control, 
whereas T4 and T6 also had shown 33.36 % and 30.86 % more growth compare to control. T7 reported 
173.16 % more fruits as compare to control and it was 156.46 % and 155.21 % more in T4 and T6. T7 
reported 226.09 % more fruit yield compare to control and again T4 and T6 had shown prominent yield 
with 201.66 % and 207.65 % more than control.  
The ANOVA examined the effect of treatment on the Fruit Length, Fruit Diameter, Fruits per plant and 
fruit yield in of Cucumis sativus L. It shows that there was a statistically significant effect within the 
treatment for Fruit Length, Fruit Diameter, Fruits per plant and fruit yield with F (6, 48) = 4.03, p<0.01, F (6, 

48) = 3.84, p<0.01, F (6, 48) = 70.58, p<0.01, F (6, 48) = 92.88, p<0.01 respectively.  
The increases in overall weight of the fruit as well as total yield in cucumber treated with algal extract can 
be linked to the increasing fruit numbers, leaf area and dry weight as a result of enhanced physiological 
activities, photosynthesis and plant nutrition. The yield in cucumber could have been attributed due to an 
increases in distillate flowers which in increases the fruit number which is reflected in the total yield [5]. 
High level of cytokinin improve the nutrient mobilization and the algal extract increase the movement of 
cytokinin from the roots to the fruits. [13].  The increased cytokinin availability results into increased 
supply to the maturing fruits. In addition to the growth hormones, increased yield in cucumber could be 
due to the additional elements in the algae like macro, micronutrients and organic matters like, amino 
acids that improve nutritional status, vegetative growth and yield quality [1-3].  Bajpai, [8] also indicated 
about presence of active organic compounds in algae which acts a growth regulators. Metting et al., [16] 
have responded that nutrient mobilization, root development, improvement in chlorophyll content and 
leaf area are the physiological responses of crops after algal application.  

Aher and Wable 



BEPLS Vol  10 [9] August 2021             135 | P a g e            ©2021 AELS, INDIA 

The results are in agreement with that of Crouch and Van-Staden [10] who reported increases in fruit 
number by 10% and fruit weight by 15% followed by application of seaweed extract. Saravanan et al., 
[21] mentioned a significant increase in number of fruits and fruit yield per plant after application of sea 
weed extract. Zodape et al., [25] applied 2.5 % sea weed extract and reported better improvement in the 
length, diameter and number of fruit. Abdel-Mawgoud et al., [3], were of the same opinion that the fruit 
weight and diameter in cucumber were enhanced as a result of increased vegetative growth after 
application of algal extract. The results are also similar to Taha, et al., [22] where they reported the fruit 
length between 13.36 cm -16.76 cm, fruit diameter between 3.38 cm - 4.85 cm and fruit weight between 
154.3 gms. - 282.6 gms. Taha et.al., [21] reported the fruit weight between 112.31 -126.55 gms in 
cucumber treated with sea weed extract. They reported number of fruit between 14.89-21.73, fruit length 
between 17.32-18.20 cm, fruit diameter between 2.37-2.50 cm and the yield per fruit between 7.35-10.96 
kg. Radameset.al., 2018 compared the benefits of the total yield of cucumber from chemical fertilization 
and algae and stated that algae is greater as it is friendly to the environment.  
 
CONCLUSION 
It is concluded from the study that, farm pond algae has promotive role in the yield of Cucumis Sativus L. 
The less expensive farm pond algae in 15 % cow urine extract had shown prominent result in the form of 
fruit length, diameter, total fruits per plant and total yield which is almost close to the yield using 
commercial nutrients. Hence, using algae as a source of nutrient can protect the yield as well as help to 
achieve the sustainability in agriculture.  
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