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 Obituary 

 

                               

                               

 

 

 

Dr. Kazi M. Badruddoza 

        (1927-2023)  
 

Dr. Kazi M. Badruddoza was born on first January 1927 in the village of Toldanga Gobindragonj, district 

Giabandha. His father was Kazi Badiuzzaman and mother Jamila Khatun.   

Dr. Kazi M. Badruddoza has a illustrious professional career. He completed Bachelor of Agriculture 

degree from Bengal Agriculture Institute in 1948, now Sher-e-Bangla Agricultural University. Master of 

Agriculture degree from Dhaka University in 1952. After doing PhD from Louisiana State University of 

USA in 1956, Dr. Badruddoza did post doctoral research in genetics from Lund University of Sweden and 

gained advanced knowledge in plant breeding and genetics. After graduation from Bengal Agriculture 

Institute, he started his career as Research Assistant at the Agricultural Research Laboratory in Pakistan. 

He held many executive positions, such as Executive Director, Pakistan Agricultural Research Council, 

Executive Vice-Chairman, Bangladesh Agricultural Research Council, Founding Director, Bangladesh 

Agricultural Research Institute (BARI), Chief Research Advisor, Government of Vietnam etc. He initiated 

corn (maize) improvement research in 1950s and introduced wheat production in Bangladesh.  

Dr. Badruddoza has established Bangladesh Agricultural Research Institute (BARI), a multi-crop research 

institute with several regional stations in 1976 and had been its founder Director. Subsequently, he 

strengthened and reorganized Bangladesh Agricultural Research Council (1983-84) as an apex body for 

agricultural research in Bangladesh. He contributed to reorganization and establishment of National 

Agricultural Research System (NARS) encompassing all agriculture sub-sectors. He has also contributed 

in establishing the Postgraduate Studies in Agriculture (IPSA) in 1983 which eventually developed into 

Agricultural University. He has largely contributed in developing research infrastructures to facilitate 

generation of improved technologies Bangladesh has now the proud of achieving self-sufficiency in 

agricultural production.    

Dr. Badruddoza contributed in reorganizing and strengthening of Pakistan Agricultural Research Council 

(1960-1970) and Strengthening of the Council of Agricultural Science and Technology in Vietnam (1985-

1988) and Institute of Genetics Research in Hanoi, Vietnam in 1985.  

He played significant roles as member of the Agricultural Resource Coordination Board of Pakistan (1964-

1971), Member of the central Cotton Committee of Pakistan (1968),  Member of the Pakistan American 

Joint Agricultural Evaluation Team (1968), Member of the Board of Governors, Bangladesh Rice research 

Institute (1974-1985), Member of the Advisory Board of the Bangladesh Atomic Energy Commission 

(1080-1984). Dr. Badruddoza has numerous publications in many national and international Journals.  

In addition, he wrote many books, book chapters, reports and prepared many national policy papers in 

agriculture.  

Significant Award/Honor Received:  



In recognition of professional accomplishments and glorious contributions in agricultural research and 

development, Dr. Badruddoza was adorned with many prestigious national and international awards and 

honor. Followings are the important awards and honor he received: 

Tamgha-e-Imtiaz(TI) and Tamgha-e-Pakistan (TP) national awards from the Government of Pakistan in 

1968 and 1969; Zebunnesa-Kazi Mahbubullah Gold Medal in 1982; Made Scientist Emeritus for the 

National Agricultural Research System (NARS) by the Government of Bangladesh in 1985; Certificate of 

appreciation by the Government of the United States of America in 1985 for decades of leadership of Dr. 

Badruddoza to BARC and the NARS in Bangladesh; Krishibid Institution Gold Medal in 1991; D.Sc. 

(Honoris Causa) degree by the Viswa Unnyayan Samsad, Independence Award (2012), the highest level 

national award by the Government of Bangladesh; and Channel i-Standard Chartered Bank Agro Award 

2020 for lifetime achievement in agricultural research and development. Besides, he also received awards 

and honor from Bangladesh Horticulture Society, DeshBandhu Chittaranjan Das Research Council, Plant 

Breeding and Genetic Society of Bangladesh, Abu Hossain Sarker Memorial Trust, Bangladesh Academy 

of Agriculture, Dr. M.O. Gani Memorial Gold Medal by Bangladesh Academy Sciences and Research 

Development Foundation. 

Dr. Badruddoza had been and has been a Fellow/member of numerous national and international 

prestigious professional bodies and societies in many of which he served and is serving as chairman, 

coordinator and other roles. He was the founder member of Regional Co-ordination Center for Research 

and Development of Coarse Grains, Pulses, Roots and Tuber Crops (CGPRT), in the Humid Tropics of 

Asia and the Pacific, Bogor, Indonesia; Founder Trustee, International Services for National Agricultural 

Research (ISNAR,), Hague, Netherlands, (1979-1984); member, Advisory Committee of Tropical Products 

Institute (TPI), London (1977-1979); member, International Federation for Agricultural Research and 

Development (IFARD); member, Consultation Group of Agricultural Information Bank Asia (AIBA); 

member of the Task Force constituted by the Consultative Group on International Agricultural Research 

(CGIAR); and member, Quinquennial Review Team of the International  Rice Research Institute (IRRI), 

Manila, Philippines (1987). He was the first Chairman of the Agricultural Group of the South Asian 

Association for Regional Cooperation (SAARC). 

At home, he was the President, Bangladesh Association for the Advancement of Science; Chairman, 

Bangladesh Milk Producers Co-operative Union Ltd (Milk-Vita); Director, Board of Management, 

Bangladesh Bank; Chairman, International Life sciences Institute, Bangladesh; Member of the 

Syndicates/Senates of the major Universities of Bangladesh; and currently, is the President of Bangladesh 

Academy of Agriculture and Fellow of Bangladesh Academy of Sciences. 

Dr. Kazi M. Badruddoza passed away on 30 August, 2023 at his Uttara residence in Dhaka. May Allah 

(SWT), the most Merciful, grant him Zannatul Ferdous. Ameen. 

 

- Zahurul Karim 
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 The genus Wendlandia includes around 70 species and is native to southeast 

Asia, northeast Africa, China, Australia, and Turkey. Mnay plant species of this 

genus have ethnomedicinal properties, which are used to deal various health 

complications, including dysentery, severe fever, cough, diabetes, hypertension, 

hyperlipidemia, constipation, and inflammation. This review sought to 

summarize details on the ethnomedicinal uses, phytochemical composition, 

safety aspects, and toxicology of Wendlandia species. Additionally, it covered 

the nomenclature, distribution, taxonomy, and botanical characteristics of this 

genus. Several electronic databases were used to retrieve the information, 

including Google Scholar, PubMed, Web of Science, Scopus, Science Direct, 

and Springer Link. The Plant List (www.theplantlist.org) was used for 

taxonomical authentications. SciFinder and PubChem were utilized for the 

verification of chemical structures and IUPAC (International Union of Pure and 

Applied Chemistry) name of the compounds. Numerous examinations of 

chemical constituents of the Wendlandia genus have identified approximately 60 

essential plant compounds, such as iridoid glycosides, flavonoids, flavonoid 

glycosides, carotenoids, and triterpenes. Various research studies have 

showcased the therapeutic potential of Wendlandia species, highlighting their 

abilities in treating diabetes, combating oxidation, reducing inflammation, 

fighting microbes, lowering blood pressure, and potentially hindering cancer 

growth. The significance of Wendlandia in traditional medicine systems and its 

role as a valuable origin of impactful natural compounds are evident. This review 

provided scientific basis for future endeavors, including chemical investigations 

into already studied species and other less studied species of Wendlandia for 

finding future lead compounds.  
 

Introduction 
 
 

Currently, approximately 350,000 vascular plant 

species and 325,000 flowering plant species exist 

worldwide. However, only a tiny fraction, precisely 

25,791 plants, less than 8% of the total, have been 

formally studied for their potential therapeutic uses 

(Antonelli et al., 2020). It is important to note that 

medicinal plants contain diverse bioactive 

phytochemicals, which can serve as valuable 

foundations for creating innovative medications (Bari 

et al., 2021). In recent times, synthetic chemical 

sources have taken over the pharmaceutical sector, 

and thus, the consumption of chemicals is rising at an 

alarming rate (Brishty et al., 2021). For ameliorating 

one disease, maybe today's functional chemical 

analog can create a dormant home for tomorrow's 

unknown illness. To escape this problem, using 
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herbal medicine is a better choice. Herbal drugs 

derived from plant sources are being tremendously 

exploited to deal with various human diseases 

(Maryam et al., 2018; Rashid et al., 2023; Mitra et 

al., 2022). The genus Wendlandia is such an 

exclusive source of phytochemical value. This genus 

belongs to a widely distributed tropical family called 

Rubiaceae, encompassing around 13,200 species 

spread across 615 different genera. Wendlandia has 

different life forms: trees, shrubs, and herbaceous 

plants with annual and perennial life cycles (Xie et al., 

2010). Approximately 50-70 species of this genus are 

located in the Indo-Malayan region (Choze et al., 

2010). In the past, various mountain communities 

noticed that by using traditional medicinal practices, 

plants could effectively treat conditions such as ulcers, 

dysentery, athlete's foot, diabetes, whooping cough, 

bronchitis, asthma, migraines, and more. Further, 

researchers have an extensive focus on this genus. 

Some species of this genus Wendlandia are of 

miraculous importance and are used in the treatment 

of snake bites, scorpion stings, regulation of menses, 

securing the birth of male children, diarrhea and 

intestinal parasites, hypertension, cardiovascular 

dysfunctions, mental disturbs and alimentary disorders 

(Sindhe et al., 2015).   

Wendlandia has bioactive molecules and the 

presence of diversified phytoconstituents such as; 

Ixoxide, Iridoid glycosides, diphenylpicrylhydrazyl 

(DPPH), hydroxyl radical, flavonoid, terpenes, 

triterpenes, beta carotene, lycopene, caffeic acid, 

rutin, procyanidin, catechin, myricyl stearate, stearic 

acid, D-mannitol, b -sitosterol, stigmasterol, and 

geniposidic acid etc. make this genus a tremendous 

medicinal value (Raju et al., 2014; Dinda et al., 2011; 

Inouye et al., 1988). These phytochemical molecules 

give a large variety of pharmacological activities like 

antimicrobial, antioxidant, antidiabetic, anticancer, 

anti-inflammatory, analgesic, antinociceptive, anti-

asthmatic, insecticidal, and anti-mutagenic activity 

(Sindhe et al., 2015).   

Considering the various activities of the 

genus Wendlandia, this review aimed to provide a 

comprehensive profile of the genus Wendlandia, 

focusing on its traditional uses, phytochemistry, 

pharmacological and toxicological properties. 

Methodology 

To acquire evidence for this review, we did a 

thorough literature search utilizing the Google 

Scholar and PubMed databases. The leading search 

terms were "Wendlandia," "Wendlandia species," 

"ethnopharmacology," "ethnobotany," "chemical 

constituents," "phytoconstituents," "biological 

activity," "pharmacological activity," "toxicology," 

and "safety." We also used additional academic 

platforms such as Google Scholar, PubMed, Web of 

Science, Scopus, Science Direct, and Springer Link 

to get the essential information. During the 

compilation and synthesis of material, the 

downloaded papers were thoroughly examined to 

determine the legitimacy and usefulness of their data. 

Information gathered from the chosen articles 

encompassed the names of reported plant species, the 

specific parts of plants examined, isolated 

phytochemicals from these species, pharmacological 

studies on each plant extract, the kinds of 

experiments conducted, the dosage or concentration 

used in these experiments, and relevant details on 

toxicity studies. The material retrieved was 

classified and reported in detail for each category. 

To authenticate the identity of the Gynura species 

mentioned in this review, the Plant List 

(ww.theplantlist.org) was employed. ChemDraw 

Ultra 7.0 was used to draw all the chemical 

structures, which were validated using SciFinder and 

PubChem.  

Taxonomy and Distribution 

Wendlandia genus comprises approximately 50-70 

species, ranging from south-east Asia to north-east 

Africa, China, Australia and Turkey. Some 

representative species are shown in the Fig. 1. It is 

under the rubiaceae family, rubiaceae is the fourth 

largest angiosperm family in the world. Rubiaceae 

plants typically stand out due to their simple, 

opposite, or whorled leaves, paired interpetiolar 

stipules, and an ovary situated inferiorly (Ranjan and 
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Kumar, 2015). Schumann (1891) was the first to 

suggest the intragenic categorization of Wendlandia. 

He divided the genus into two sets based on the 

varying lengths of its species. This division failed to 

reflect the true relationship of the species of 

Wendlandia. Furthermore, Cowan (1932) divided 

Wendlandia by the characters of stigma, stamens and 

the feature of the stipules. The genus Wendlandia is 

popular in the hilly regions among the tribes of 

tropical & sub-tropical areas. As it is a forestry 

flowering plant, its culinary and medicinal uses make 

this genus significant from the Rubiaceae family 

(Choze et al., 2010). The scientific name, synonyms 

and distribution of the species have already been 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

established with different previously accepted name 

within the genus. Notably, the original author names, 

original publication resources, accepted or 

synonymous plant name and the International Plant 

Name Index (IPNI) identifier by the plant list 

(www.theplantlist.org). Raju et al., (2012) reported its 

tubular flower, evergreen woody trees protect the hilly 

soil from erosion and similarly useful for pollination by a 

wide array of pollinators including butterflies, beees, 

flies, wasps, moth etc (Xie et al., 2010). Because of the 

similarity of some species of Wendlandia like 

Wendlandia formosana is closely related to some 

phytoconstituents derived from Angustifolia (Choze 

et al., 2010). The complete taxonomical 

classification of the genus is given below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Kingdom Plantae 

Subkingdom Viridiplantae 

Infrakingdom Streptophyta 

Division Embryophyta 

Subdivision Tracheophyta 

Division Spermatophytina 

Order Gentianales 

Family Rubiaceae 

Subfamily Ixoroideae 

Tribe Gardenieae 

Genus Wendlandia 

 

Fig. 1. (A) Wendlandia formosana, (B) Wendlandia heynei (C) Wendlandia glabrata (D) Wendlandia 

tinctoria (E) Wendlandia wallachii (F) Wendlandia thyrosoidea. 
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Ethnomedicinal Uses 

Several Wendlandia species have a long history of 

use in traditional ethnomedicine to treat a range of 

ailment in India, Pakistan, Australia, Srilanka, 

Bangladesh, Japan, China, Turkey and the Southeast 

Asian regions including Vietnam, Malaysia, 

Thailand. A brief description about Wendlandia 

species and its reported activity is given below: 

Wendlandia heyenei: The Rubiaceae family plant W. 

heynei (Schult.) Santapau and Merchant, popularly 

known as "Ukan Pansara," is abundantly spread in 

Rawalpindi, Kahuta, Panjar district, Pakistan 

(Maryam et al., 2018). Local populations utilize this 

plant to cure ulcers, swellings, wounds, diarrhoea, 

fever, urinary problems, skin illnesses, colds and 

coughs, and body pains (Khatoon and Irshad, 2016). 

The tree's fruits and barks are used to cure piles 

(Rawat et al., 2009). Furuncles and urinary diseases 

are treated with a bark paste. The powdered leaf 

extract has wound-healing effects, and the leaves and 

fruits' decoction are effective in amenorrhea, as an 

antispasmodic, and as a febrifuge (Ajaib et al., 2018). 

Its roots are utilized as an antidote to snake bite 

(Murthy et al., 1986). In India, W. heynei's bark is 

used to treat colds and high fevers. 

Wendlandia exserta: W. exserta Roxb. DC., a 

member of the Rubiaceae family known regionally as 

chila/ratela/tikli, is widely distributed in the sub-

Himalayan region, particularly in areas prone to 

landslides. It serves as a valuable source of fuelwood 

and yields small timber. This plant can potentially 

cover expansive areas, especially in regions 

susceptible to soil erosion (Dhiman and Gupta, 

2009). The bark displays a reddish-brown hue. Its 

leathery leaves are arranged oppositely, broadly oval 

or lanceolate. The flowers, which are white and 

minute, grow in sessile clusters at the apex, forming 

pyramidal structures around 25cm long (Praveen et 

al., 2007). The leaves and fruit decoctions of 

Wendlandia exserta are utilized in treating conditions 

like amenorrhea, fever, spasms, and skin ailments 

such as eczema and scabies. Moreover, the flowers 

possess properties beneficial for purifying blood and 

are employed in managing joint infections (Shahzadi 

et al., 2018) 

Wendlandia glabrata: Young sprouts of Wendlandia 

glabrata DC are used as functional foods in India's 

north-eastern region. This blooming plant from the 

Rubiaceae family is used to make the traditional 

salad Singju. The plant has qualities such as lowering 

obesity and managing blood sugar. It is also used to 

treat dysentery in addition to serving as an 

expectorant (Meetei and Singh, 2007). In hepatocytes 

and myoblast cells, extracts of W. glabrata suppress 

G-6-Pase and glucose absorption. This study 

revealed procyanidin A2 (PCA2) as a powerful anti-

diabetic drug with significant aglucosidase 

inhibition. It has been shown that PCA2 lowers the 

amount of G-6-Pase protein and mRNA in diabetic 

mice while increasing glucose absorption in CC1 

hepatocytes and C2 C12 myoblast cells (Sheikh et 

al., 2019). The fraction extracted from W. glabrata, 

rich in novel iridoid compounds, exhibited 

noteworthy potential in reducing blood glucose 

levels. It also effectively prevented hepatic 

gluconeogenesis conditions by significantly 

increasing the phosphorylation of AMP-activated 

protein kinase (AMPK) by approximately 1.4 to 1.7 

times and downregulated key enzymes involved in 

gluconeogenesis, such as glucose-6-phosphatase 

(G6Pase) and phosphoenolpyruvate carboxykinase 

(PEPCK) (Sarma et al., 2022).  

Wendlandia paniculata: Wendlandia paniculata 

(Roxb.) DC is an exceedingly uncommon species in 

Bangladesh, utilised by the Chakmas tribe in 

mountains regions. It is commonly used as a 

treatment for chest pain by rubbing the crushed 

leaves on the chest. The plant family Rubiaceae 

encompasses the flowering plant genus Wendlanda, 

distributed across regions spanning from tropical and 

subtropical Asia to Queensland and the northern 

parts of Africa. According to Hasan et al., 2021, 

these plants could serve as a promising source for 

hypoglycemic medications and possess anthelmintic 

properties, given the historical use of various plants 

and plant-derived substances in diabetes treatment. 

Herbs having hypoglycemic qualities promote insulin 
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release, enhance glucose uptake by adipose or 

muscle tissues, and inhibit glucose absorption from 

the digestive tract as well as hepatic glucose 

synthesis (Hui et al., 2009). Acute, chronic, 

visceral, inflammatory, and neuropathic pain are 

all possible (Masuda et al., 2017; Tamba et al., 

2013). A quarter of all Americans, for example, 

suffer from chronic discomfort. With these 

numbers in its favour, pain has emerged as a 

global health problem and the leading cause of 

disability globally (Gedin et al., 2017). 

Plants have long been used as analgesic agents in 

folk medicine (Ullah et al., 2015; Ayaz et al., 

2016). The search for new bioactive molecules with 

analgesic effects in medicinal plants is intensifying. 

Diarrhoea is defined as a gastrointestinal disorder 

characterised by a rapid flow of gastric material 

through the gastrointestinal tract, leading to abnormal 

and frequent semi-solid or watery faecal discharge 

that occurs on average three times per day (Yakubu 

and Salimon, 2015; Vickers, 2017; Singh et al., 

2012). Enteric pathogenic bacteria such as 

Salmonella typhi, Shigella flexneri, Escherichia coli, 

Staphylococcus aureus, Vibrio cholerae, and 

Candida albicans are common causes of diarrhoea in 

humans (Akinboro et al., 2007; Kitaoka et al., 2011). 

Wendlandia tinctori: Wendlandia tinctoria var. 

grandis (Roxb.) DC. is a flowering plant that exhibits 

characteristics of both evergreen and deciduous 

plants. In the summer season, W. tinctoria plays a 

vital role by providing butterflies with an important 

nectar supply and serving as a pollen source for 

honey bees. W. tinctoria is commonly used by tribal 

communities to treat snakebite. It is also utilized to 

alleviate cramps in cholera patients. Previous 

research found that the stem of W. tinctoria contains 

stearic acid, geniposidic acid, d-mannitol, -sitosterol, 

myricyl stearate, and stigmasterol. According to 

earlier findings, the root of W. tinctoria contains a 

variety of iridoid glucosides, including 5-dehydro-8-

epi-mussaenoside, 5-dehydro-8-epi-adoxosidic acid, 

wendoside, 8-epi-mussaenoside, and 10-O-dihydro 

feruloyldeacetyldaphylloside (Dinda et al., 2006; 

Dinda et al., 2011). Farzana et al. (2022) recently 

conducted a study where they identified a total of 

eight phenolic compounds in W. tinctoria. These 

compounds include liquiritigenin (1), naringenin 

(2), apigenin (3), kaempferol (4), glabridin (5), 

ferulic acid (6), 4-hydroxybenzoic acid (7), and 4-

hydroxybenzaldehyde (8). Additionally, the study 

demonstrated that the stem extract of this plant 

species has antioxidant, hypoglycemic, and 

antidiarrheal properties (Farzana et al., 2022). The 

individual ethnomedicinal uses of the main 

Wendlandia species are summarized in Table 1. 

Iridoid Glycoside 

Iridoids are cyclopentanopyran-like 

monoterpenoids that exist in a broad range of 

animals and plants. They are generated 

biosynthetically from 8-oxogeranial. Iridoids are 

most often found in plants as glycosides, most of 

which are linked to glucose (Tundis et al., 2008). 

It has been regarded as defense chemicals against 

pathogens. Majority of Wendlandia species contain 

iridoid glycoside. From Wendlandia formosana 

this iridoid glycosides are elucidated Methyl 

deacetyl asperulosidate, 10-O-caffeoyl scandoside 

methyl ester, 6-methoxy scandoside methyl ester, 

10-O-caffeoyl deacetyl dephylloside, 6-beta 

methoxy geniposide, 6-beta hydroxyl geniposide 

(Raju et al., 2011). In 2006 and 2011, Dinda et al. 

depicted the following compounds like: 8-epi-

deoxyloganic acid, Deacetyl – daphylloside, 

Caffeoylmussaenosidic acid, Caffeoylmussaenosidic 

acid hexaacetate, Ixoside, Ixoside tetraacetate, 5-

Dehydro-8-epi-adoxasidic Acid pentaacetate, 8-epi-

mussaenoside, 8-epi-mussaenoside tetraacetate, 5-

dehydro-8-epi-mussaenoside, 5-dehydro-8-epi-

mussaenoside tetraacetate, 10-O-

Dihydroferuloyldeaxetyldaphylloside, 10-O- 
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Table 1.  General information, taxonomical distribution and ethnomedicinal uses of Genus Wendlandia. 

Species (Accepted 

Name) 

Synonyms Plant Part 

Used 

Geographical Locations Ethnomedicinal Uses References 

Wendlandia 

paniculata (Roxb.) 

DC. 

Gardenia burha Buch. -Ham. ex Wall. 

Rondeletia paniculata Roxb. 

Wendlandia paniculata var. genuina 
Valeton 

Leaves Northwestern Vietnam, 

western Africa, Southeast 

Asia, subtropical countries 
of East Asia and northern 

Australia. 

Anti-diabetic property, anti-

diarrheal effect, antinociceptive 

activity 

Hasan et al., 

2021 

Wendlandia 

formosana Cowan 

Wendlandia formosana subsp. 

formosana 

Leaves, stem 

bark & wood 

Indo Malayan region to 

China 

Antioxidant, analgesic property Delprete, 1999 

Wendlandia tinctoria 

(Roxb.) DC. 

Wendlandia tinctoria subsp. Callitricha 

(Cowan) W.C. Chen 

Wendlandia tinctoria subsp. 
Floribunda (Craib) Cowan 

Wendlandia tinctoria subsp. Handelii 

Cowan 

Wendlandia tinctoria subsp. Intermedia 

(F.C.How) W.C.Chen 

Wendlandia tinctoria subsp. Orientalis 

Cowan 
Wendlandia 

tinctoria var. grandis (Roxb.) DC. 

Stem, root and 

bark 

North-eastern states of 

India 

Antidote to snakebite, 

antibacterial activity, 

antioxidant, hypoglycemic, and 
antidiarrheal properties 

Raju et al., 

2014; Farzana 

et al., 2022 

Wendlandia glabrata 

DC. 

Rhombospora sumatrana (Miq.) Miq. 

Wendlandia glabrata var. glabrata 

Wendlandia sumatrana Miq. 

Wendlandia tenuiflora Miq. Ex Hook.f. 

Tender shoot North-eastern states of 

India 

Anti-hypoglycemic activity, 

reduce obesity, anti-diarrheal 

effect used in dysentery, act as 

expectorant 

Sheikh et al., 

2019 

Wendlandia heynei 
(Schult). Santapau 

and Merchant 

Rodeletia cinerea Wall. 
Rodeletia exserta Roxb. 

Rodeletia heynei Schult. 

Rodeletia orissensis Roth 

Rodeletia thyrsiflora Roth 

Wendlanida cinerea DC. 

Wendlandia exserta (Roxb.) DC. 

Bark, leaves, 
root 

Panjar, Kahuta, Rawalpindi 
district, Pakistan 

Treatment of piles, furuncles, 
urinary infections, amenorrhea, 

febrifuge, antispasmodic 

activity, antioxidant, anti-

inflammatory activity, antidote 

to snake bite, used in cold & 

high fever 

Maryam et al., 
2018 

Wendlandia 

ligutroides (Boiss. & 

Hohen.) Blakelock 

Sestina kotschyi (Boiss. & Hohen.) 

Chiov. 

Sestina ligustroides Boiss. & Hohen 
Wendlandia Kotschyi Boiss. & Hohen. 

aerial parts 

(stems, leaves, 

and flowers) 

North Iraq, Turkey Antiprotozoal activity Çalış et al., 2020 

Wendlandia 

thyrosoidea (Roth) 

Steud. 

Canthium thyrsoidea Roem. & Schult. 

Canthium thyrsoideum Schult. 

Cupia thyrsoidea (Roth) DC. 

Ixora montana Miq. ex Hook. f 

Webera thyrsoidea Roth 
Wendlandia lawii Hook.f. 

Wendlandia montana K. Schum. 

Wendlandia notoniana Wall. ex 

Wright & Arn. 

Wendlandia thyrsoidea var. lawii 

(Hook.f.) Cowan 

Leaves Central Western Ghats 

region of Chikkamagaluru, 

Karnataka, India 

Antimicrobial, analgesic 

property 

Vinu et al., 2021 

Wendlandia wallichii 

(Wight and Arn) 

Wendlandia wallachii var. wallachii Leaves North-eastern region in 

tropical Africa and Asia 

Fat and fiber content used as 

common vegetable. Decrease 

the risk of constipation, lower 
diabetes, serum cholesterol 

level, heart diseases, breast and 

colon cancer, hypertension etc. 

High protein source used as a 

dietary element. 

Chaudhuri et al., 

2018 

Wendlandia 
bicuspudata Wight 

& Arn 

Wendlandia notoniana var. 
bicuspudata (Wight & Arn.) Hook.f. 

Wendlandia notoniana var. zeylanica 

Hook.f. 

Wood Hilly regions of Srilanka Antioxidant activity De Silva et al., 
1987 

Wendlandia exerta 
(Roxb.) DC. 

Not available Leaves Pakistan 
Nepal, Indian 

Antibacterial, anti-fungal, 
analgesic activity 

Ajaib et al., 
2018 
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Table 2. Phytoconstituents of Genus Wendlandia 

Comp. 

No 

Phytochemical class Compounds Sources Plant part Reference 

1 Iridoid glycoside Scandoside methyl ester
  

W. formosana, W. bicuspudata 
W. ligustroides 

Stem, leaves & 
flowers 

De silva et al., 1987, 
Moreina et al., 2010 

2 Iridoid glycoside Methyl deacetyl 

asperulosidate 

W. formosana Leaves Raju et al., 2011 

3 Iridoid glycoside 10-O-caffeoyl scandoside 

methyl ester 

W. formosana, W. tinctoria Leaves Raju et al., 2011 

4 Iridoid glycoside 6-methoxy scandoside 

methyl ester 

W. formosana Leaves Raju et al., 2011 

5 Iridoid glycoside 10-O-caffeoyl deacetyl 

dephylloside 

 

W. formosana Leaves Raju et al., 2011 

6 Diterpene alkaloid Phytol 
 

W. formosana Leaves Massey and Burton, 
1990 

7 Pentacyclic 

triterpenoid 

Ursolic acid W. formosana Leaves Raju et al., 2014 

8 Iridoid glycoside Gardenoside 

 

W. formosana 

W. ligustroides 

Stem, leaves & 

flowers 

Inouye et al., 1988 

9 Iridoid glycoside Geniposidic Acid W. formosana, W. ligustroides Stem, leaves & 
flowers 

Çalış et al., 2020; 
Tzakon et al., 2007 

10 Iridoid glycoside 10-Deoxyloganic acid W. formosana, W. ligustroides Stem, leaves & 

flowers 

Inoue et al., 1992; 

Takeda et al., 1996 
11 Iridoid glycoside 6-beta methoxy 

geniposide 

W. formosana, W. ligustroides Stem, leaves & 

flowers 

Raju et al., 2014 

12 Iridoid glycoside 6-beta hydroxyl 
geniposide 

W. formosana, W. ligustroides Stem, leaves & 
flowers 

Raju et al., 2014 

13 Flavonoid glycoside Rutin W. heynei Leaves Maryam et al., 2018 

14 Polyphenolic 

flavonoid 

Catechin W. heynei Leaves Maryam et al., 2018 

15 Prsotacyanidin 
flavonoid 

Procyanidin A2 W. glabrata Tender shoot Sheikh et al., 2019 

16 Retinol Beta carotene W. heynei Bark & leaves Maryam et al., 2018 

17 Flavonoid Lycopene W. heynei Bark & leaves Maryam et al., 2018 

18 Polyphenolic 

flavonoid 

7-Deoxygardoside W. formosana, W. ligustroides Stem, leaves & 

flowers 

Bianco et al., 1986 

19 Iridoid glycoside 8-epi-deoxyloganic acid W. ligustroides Stem, leaves & 
flowers 

Nakamura et al., 2000; 
Murai et al., 1984;    

Teng et al., 2005 

20 Iridoid glycoside Deacetyl - daphylloside W. ligustroides Stem, leaves & 
flowers 

Tzakou et al., 2007 

21 Iridoid glycoside 8-epi-deoxyloganic acid 

deacetyl - daphylloside 

W. ligustroides Stem, leaves & 

flowers 

Dinda et al., 2011 

22 Iridoid glycoside Caffeoylmussaenosidic 

acid 

W. tinctoria Stem Dinda et al., 2011 

23 Iridoid glycoside Caffeoylmussaenosidic 
acid hexaacetate 

W. tinctoria Stem Dinda et al., 2011 

24 Iridoid glycoside Ixoside W. formosana Leaves Dinda et al., 2011 

25 Iridoid glycoside Ixoside tetraacetate W. formosana Leaves Dinda et al., 2011 

26 Iridoid glycoside 5-Dehydro-8-epi-
adoxasidic Acid 

W. tinctoria Stem Inouye et al., 1988 

27 Iridoid glycoside 5-Dehydro-8-epi-

adoxasidic Acid 
pentaacetate 

W. tinctoria Stem Dinda et al., 2006 

28 Iridoid glycoside 8-epi-mussaenoside W. tinctoria Stem Dinda et al., 2006 

29 Iridoid glycoside 8-epi-mussaenoside 

tetraacetate 

W. tinctoria Stem Dinda et al., 2006 

30 Iridoid glycoside 5-dehydro-8-epi-

mussaenoside 

W. tinctoria Stem Dinda et al., 2006 
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31 Iridoid glycoside 5-dehydro-8-epi-mussaenoside 
tetraacetate 

W. tinctoria Stem Dinda et al., 2006 

32 Iridoid glycoside 10-O-

Dihydroferuloyldeaxetyldaphylloside 

W. tinctoria Stem Dinda et al., 2006 

33 Iridoid glycoside 10-O-

Dihydroferuloyldeaxetyldaphylloside 

hexaacetate 

W. tinctoria Stem Dinda et al., 2006 

34 Iridoid glycoside Wendoside W. tinctoria Stem Dinda et al., 2006 

35 Iridoid glycoside Wendoside pentaacetate W. tinctoria Stem Dinda et al., 2006 

36 Iridoid glycoside Aglucone Wendoside pentaacetate W. tinctoria Stem Dinda et al., 2006 

37 Iridoid glycoside 10-O-Caffeoyldeacetyldaphylloside W. tinctoria Stem Dinda et al., 2006 

38 Iridoid glycoside 8-α-dihydrogeniposide W. tinctoria Stem Inouye et al., 1988 

39 Iridoid glycoside Semperoside W. tinctoria Stem Dinda et al., 2006 

40 Iridoid glycoside 10-O-Veratroyleranthemoside W. tinctoria Root  Dinda et al., 2011 

41 Iridoid glycoside 10-O-Veratroyleranthemoside 

tetraacetate 

W. tinctoria Root  Dinda et al., 2011 

42 Iridoid glycoside Eranthemoside W. tinctoria Root  Dinda et al., 2011 

43 Iridoid glycoside 10-O-trans-coumaroyleranthemoside W. tinctoria Root  Dinda et al., 2011 

44 Terpene Octa acyl lupeols W. formosana Stem Delprete, 1999; Raju 

et al., 2004 

45 Terpene Deca acyl lupeols W. formosana Stem Delprete, 1999; Raju 

et al., 2004 

46 Coumarin Coumarin W. formosana Stem Canuto and Silveira, 

2006 

47 Flavonoid Scopoletin W. formosana Stem Ribeiro and Kaplan, 

2002 

48 Flavonoid Kaempferol W. formosana Stem bark & 

Wood 

Delprete, 1999 

49 Flavonoid Quercetin W. formosana Stem bark & 

Wood 

Delprete, 1999 

50 Flavonoid Flavonol rutin W. formosana Stem bark & 
Wood 

Delprete, 1999 

51 Flavonoid Myricitrin W. formosana Stem bark & 

Wood 

Choze et al., 2010; 

Delprete, 1999 

52 Triterpene Pentacyclic triterpenes ursolic acid W. formosana Stem Delprete, 1999; Raju 

et al., 2004 

53 Phenolic compound 2-Methoxy-4-hydroxy-benzoic acid W. formosana Stem Berretta, 2007 

54 Flavonoid Naringenin W. formosana Stem Delprete, 1999 

55 Iridoid Glycoside 6-O-methyl-Scandoside methyl ester W. ligustroides Stem, leaves & 

flowers 

Machida et al., 2003 

56 Iridoid Glycoside 6-O-methyl deacetyl–daphylloside  W. ligustroides Stem, leaves & 

flowers 

Machida et al., 2003 

57 Iridoid Glycoside Ixoroside W. tinctoria Stem Inouye et al., 1988 

58 Iridoid Glycoside Iridodial W. tinctoria Stem Inouye et al., 1988 

59 Iridoid Glycoside Gardenosidic acid W. tinctoria Stem Inouye et al., 1988 

60 Iridoid Glycoside Ixoside 11-methyl ester W. tinctoria Stem Inouye et al., 1988 
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 Fig. 2. The chemical structures of 60 phytocompounds of Genus Wendlandia listed in Table 2 
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 Fig. 2. The chemical structures of 60 phytocompounds of Genus Wendlandia listed in Table 2 

(Continued)  
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Dihydroferuloyldeaxetyldaphylloside hexaacetate, 

Wendoside, Wendoside pentaacetate, Aglucone 

Wendoside pentaacetate, 10-O-

Caffeoyldeacetyldaphylloside, Semperoside, 10-O-

Veratroyleranthemoside, 10-O-

Veratroyleranthemoside tetraacetate, Eranthemoside, 

10-O-trans-coumaroyleranthemoside from 

Wendlandia tinctoria (Dinda et al., 2006; Dinda et al., 

2011). Despite the inherent biological capability, the 

specific molecular mechanisms behind the impactful 

effects of iridoid glycosides remain unexplained. It is 

hypothesized that due to the presence of unstable 

aglycones resembling glutaraldehyde structures and 

possessing alkylating properties against nucleophilic 

residues in biomolecules, particularly amino acids, 

these compounds might induce protein denaturation in 

the cell wall of pathogens (Dinda et al., 2006; Dinda et 

al., 2011). 

The main pharmacological effects of iridoid 

glycosides are antioxidant, anti-diabetic, anti-

inflammatory, anti-obesity activities. Sheikh et al., 

(2019) reported α-glucosidase inhibitory activities of 

the methanol extract of shoots of Wendlandia 

glabrata. Alpha-glucosidase is considered for future 

lead molecules for type 2 diabetes. Wendlandia 

species have plenty source of α-glucosidase. That is 

why it has promising potential for postprandial 

management of DM type 2. Diabetes mellitus stems 

from irregular sugar metabolism due to insufficient 

insulin production or the body's resistance to insulin 

in target organs (Maiti et al., 2004). Despite the 

recognized therapeutic benefits of fruit-based 

remedies in traditional medicine for diabetes, 

developing economically viable natural treatments 

lags behind modern pharmaceuticals (Wadkar et al., 

2008). 

Dietary polysaccharides play a crucial role in 

generating blood glucose (Ghani, 2015). α-

glucosidase, a key enzyme, is pivotal in transforming 

polysaccharides into monosaccharides. Hence, there's 

a pressing need to create food or herbal solutions and 

inhibitors that can slow down α-glucosidase activity, 

thereby managing post-meal blood sugar levels. 

Additionally, targeting glucose-6-phosphatase (G-6-

Pase) holds promise in treating type 2 diabetes. G-6-

Pase oversees the final step in generating glucose 

from gluconeogenesis and glycogenolysis. Studies 

suggest that reducing blood glucose involves 

curtailing hepatic glucose production by regulating 

G-6-Pase. Diabetic animals show elevated protein 

content and mRNA levels of G-6-Pase, contributing 

to heightened blood sugar. Therefore, G-6-Pase 

inhibitors are seen as potential means to lessen 

hepatic glucose output, making them an appealing 

therapeutic option for type 2 diabetes treatment. 

Flavonoid 

Flavonoids, a type of polyphenolic compounds 

present in plants, are frequently part of human diets. 

Chemically, they feature a basic structure composed 

of a 15-carbon skeleton comprising two phenyl rings 

and a heterocyclic ring (Mitra et al., 2022). 

Wendlandia species are flowering plant, their leaves, 

root juice, flowers contain a rich source of flavonoid. 

Wendlandia formosana has rutin, catechin, 

procyanidin A2, lycopene, beta carotene, scopoletin, 

quercetin, myricitrin, naringenin flavonoids. Among 

these some are polyphenolic flavonoid, flavanone, 

carotenoids type. Flavonoids are thought to offer 

health advantages by affecting different cell 

pathways and acting as antioxidants. Rutin and 

catechins, among flavonoids, are the prevalent 

polyphenolic compounds in our diet and are 

widespread in plants (Spencer, 2008; Maryam et al., 

2018; Sheikh et al., 2019; Bianco et al., 1986).  

Flavonols, like quercetin, are the primary 

bioflavonoids and are also present everywhere, albeit 

in smaller amounts. Flavonoids are widely spread, 

diverse, and generally less toxic compared to other 

plant compounds like alkaloids (Eumkeb et al., 2010, 

Kumar et al., 2010). That is the reason for showing 

antioxidant and dietary supplement for mankind. 

Flavonoids and saponins prevent the creation or 

release of prostaglandins, autocoids, and contractions 

caused by spasm-inducing agents, similarly affecting 
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movement and the release of fluids and electrolytes 

(Eumkeb et al., 2010, Kumar et al., 2010) while 

saponins may forestall the arrival of histamine 

(Wang et al., 2010). Polyphenols and tannins help 

fortify the lining of the intestines, reducing intestinal 

leakage, speeding up intestinal transit, and promoting 

a better equilibrium in water movement across the 

mucosal cells (Phoem et al., 2013). 

Terpene 

A terpene molecule is made up of 10 carbon atoms 

and must have a double bond. Terpene hydrocarbons 

are sensitive to heat and readily undergo oxidation. 

This is why citrus oils, rich in terpenes, are prone to 

these changes. Wendlandia have a small range of 

terpene like phytol, ursolic acid, acyl lupeol found in 

stem, bark of Wendlandia formosana. Ursolic acid is 

a substance with various chemical, biological, and 

physiological impacts. With the recent discovery of 

ursolic acid's anti-inflammation and anti-cancer 

effects via targeting signal pathways, particularly in 

preventing breast cancer, ursolic acid has gained 

attention (Venugopal and Liu, 2012). Ursolic acid is 

presently being tested on humans to treat cancer, 

tumors, and wrinkles (Sultana, 2011). Certain 

terpenes are believed to possess anti-inflammatory, 

antiseptic, antiviral, and antibacterial qualities. 

However, the essential oil's impact results from the 

collective physiological actions of its various 

components. Specific terpenes might exhibit 

analgesic effects or serve as stimulants. Some are 

known to prompt mucous secretion, making them 

effective decongestants. Throughout history, 

essential oils have found widespread use in medicinal 

practices (Nuutinen, 2018)  

Toxicological profile 

W. heynei methanol extract was found to protect the 

liver from damage caused by bisphenol A (BPA), 

suggesting its potential as a supportive treatment for 

drug-induced liver injury (Maryam et al., 2018). 

Conversely, a flavonoid called catechin from W. 

formosana was associated with the development of 

autoantibodies, leading to conditions like haemolytic 

anaemia and renal failure. This led to the removal of 

Catergen, a drug containing catechin used for 

treating viral hepatitis, from the market in 1985 

(Mazuz wt al., 2023). 

Future Perspective 

There are available chemical substances 

in Wendlandia species that have biological properties 

for lowering serum glucose, controlling lipid profile, 

skin diseases, and regulating the menstruation cycle. 

Nowadays, convenient drugs are present in the 

market, but these drugs produce a wide range of 

cytotoxic side effects. In this 

review, Wendlandia species showed different 

phytoconstituents that can be used as drugs and 

dietary supplements. The presence of flavonoids and 

glycosides exerts antioxidant, anti-diabetic, and anti-

inflammatory activities, making this genus a 

combined source of safe medicinal value. This 

review also manifested that screened phytochemicals 

and isolated compounds will be potential sources of 

the drug industry in the future to treat multiple 

diseases if analyzed.  

Limitations  

There are some limitations of the review. The review 

did not pay close attention to the stated 

phytoconstituents of the genus or their detailed 

mechanisms of action due to lack of enough 

evidences of exact mechanistic information.    

Conclusion 

Wendlandia, a genus with a rich traditional medicinal 

background, exerts diverse biological effects that 

align with its various therapeutic applications. 

Among Wendlandia species, certain species have 

broad spectrum of phyto-constituents and other 

reported as effective pharmacological effect. Behind 

in depth mechanism align with their pharmacokinetic 

profile study may be clarified further about it vast 

pharmacological action. Analyzing the chemicals in 

these compounds might lead to exciting possibilities 

for new medicines. Given the global revival of 

interest in herbal remedies, Wendlandia species offer 

a compelling option for various conditions like 
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diabetes, obesity, hypertension, inflammation, 

cancer, menstrual irregularities, skin issues, and 

related disorders. Moreover, some Wendlandia 

species are utilized as dietary supplements and are 

considered safe for occasional consumption. 

However, more research is needed to determine how 

effective and safe it is to consume these plants long-

term. 
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 A field trial was laid out to mitigate the detrimental consequences of 

waterlogging (WL) on morpho-physiology and productivity of soybeans 

through potassium (K) application. Soybean genotypes AGS383 and 

G00166 were tested against 4 days of WL at the flowering stage. The K 

fertilizer was applied as (i) basal (full dose) and (ii) basal (50%) + top dress 

(50%) after the termination of a flood. The experiment's results showed that 

the WL negatively affected leaf greenness, water and chlorophyll (Chl) 

content, plant height, nodule and pod production, and soybean seed yield. 

However, the split application of K fertilizer minimized the detrimental 

effect of WL in the case of AGS383. This genotype produced taller plants, 

contained more Chl and water, higher nodules, bold seeds, and accumulated 

higher amounts of mineral nutrients in their grains under WL condition with 

K as basal + top dress after the termination of a flood. 
 

Introduction 
 
 

Soybean (Glycine max L.), an important legume and 

oilseed crop, contains protein, oil, carbohydrate, Ca, 

P, and vitamins (Mannan and Mamun, 2018; Yasmin 

et al., 2022; Dola et al., 2022). Phenolics, vitamins, 

antioxidants, dietary fiber, flavonoids, minerals, 

pigments, protein, and carbohydrates can be obtained 

from plant sources (Fatema et al., 2023). It has good 

nitrogen (N)-fixing ability (17-127 kg N ha
1 

year
 1

), 

which plays an irreplaceable role in the sustainable 

agricultural system (Messina, 1997). Soybean seeds 

also contain macronutrients, minerals, vitamins, folic 

acids, and secondary metabolites (Saki and Kogiso, 

2008). Consuming soybeans reduces cancer, 

cholesterol, osteoporosis, and heart disease (Birt et 

al., 2004). Due to its wide range of adaptability and 

commercial value,the role of soybean in oilseed 

production increased from 160 million (m) tons on 

70 m ha in 1998 to 350 m tons on 125 m ha in 2018 

worldwide (FAOStats, 2021). 

In Bangladesh, it has been cultivated since early 

1970s in the greater Noakhaliand the area under 

soybeancultivation has expandedtragicallyfrom only 

5000ha in 2005 to 62508ha in 2018-2019 (BBS, 

2020)in the districts of Bhola, Patuakhali, Faridpur, 

and even in the northernpart of Bangladesh. It is 

mostly sown in January and harvested in April 

(Akand et al., 2018). However, the crop suffers from 

excess soil moisture due to a change in rainfall 

pattern, which is the consequence of recent climate 

change. Cyclone Nada in early November of 2016 

caused heavy rains, which delayed soybean sowing. 

Similarly, soybean was damaged due to heavy rains 

in April 2017. In 2020, cyclone Amphan hit the 

southern part of Bangladesh on 20
th
 March and 

damaged standing crops seriously. 

Waterlogging (WL) is a critical problem in some parts 

of Jashore, Satkhira, Khulna, Bhola, Patuakhali, and 

Faridpur districts of Bangladesh. Monsoon rains are 

DOI:https://doi.org/10.3329/jbas.v47i2.65837 

 

 

J. Bangladesh Acad. Sci. 47(2); 155-167: December  2023 
 

Journal of Bangladesh Academy of Sciences 
 
 

Journal homepage: http://www.bas.org.bd/publications/jbas.html 

*Corresponding author: <aamamun@bsmrau.edu.bd> 
1Department of Soil Science, Bangabandhu Sheikh Mujibur Rahman Agricultural University (BSMRAU), Gazipur, Bangladesh 

 



  
Hossen et al./J. Bangladesh Acad. Sci. 47(2); 155-167: December 2023                    

 

156 

 

responsible for WL in crop fields of these southern 

districts, which causes widespread damage to crops. 

The growth and development of soybean is restricted 

under WL condition. WL also causes chlorosis and 

stunting, resulting in yield loss of soybeans (Tewari 

and Arora, 2016). Soil WL primarily inhibits crop 

growth and yield by initiating hypoxia conditions (Yin 

et al., 2009). Under hypoxia conditions, the growth 

pattern of plants depends onspecies type and survival 

mechanism (Nagai et al., 2010). Abiotic stress 

deteriorates the productivity of crops by producing 

oxidative damage and the creation of reactive oxygen 

species (ROS), which eventually cause damage in 

membrane, DNA, and proteins, create an imbalance in 

nutrients, and attenuation of photosynthetic rates and 

change color pigments (Sarker and Oba, 2020). The 

plant under stress conditions has boosted enzymatic 

and non-enzymatic antioxidants to alleviate ROS 

(Hassan et al., 2022). 

Linkemer et al. (1998) observed a 30% yield loss at 

the early growth stage and a 93% yield loss at the 

reproductive stage. The WL hindered growth, dry 

matter production, and pod formation, resulting in 

lower yield (Hasanuzzaman et al., 2016). It also 

inhibited photosynthesis by closing stomata, 

degrading Chl leaf senescence (Ahmed et al., 2013). 

WL at the vegetative stage caused a yield loss of up 

to 18% worldwide (Komatsu et al., 2013). 

Nutrient element K has a significant role in 

increasing the tolerant capacity of plants against 

various environmental stresses. It helps the plants 

overcome stress, disease, and pest infestation and 

take balanced nutrients. Plants deficient in K cannot 

efficiently use water and other nutrients from soil or 

fertilizer and are less tolerant to stress conditions. 

Strategic application of K in plants before hypoxia 

conditions may alleviate nutrient deficiency and can 

recover from flood damage. It maintains cell 

turgidity, starch formation and translocation, 

synthesis of protein and water, and nutrient uptake. It 

enhances the photosynthesis, translocation of 

photosynthates and activates enzymes during 

nodulation (Divitoand Sadras, 2014). It improves 

productivity (Emmanuel et al., 2021) and grain 

quality through better uptake of N and P in plants. 

Under the WL conditions, K uptake is significantly 

reduced in plants due to root damage (Amin et al., 

2017). Therefore, the exogenous application of K 

after the flood recession might recover the WL 

damage in soybeans. Keeping these above 

considerations in view, the present study has aimed 

to determine the morpho-physiological changes of 

soybean plants due to WL and to find out the effect 

of K application after the flood water recession on 

soybeans' yield performance. 

Materials and Methods 

Experimental site 

An experiment was conducted at the agronomy 

research field of Bangabandhu Sheikh Mujibur 

Rahman Agricultural University (BSMRAU), 

Gazipur (24°09 N and 90°26 E), Bangladesh, from 

December 2019 to April 2020 (Rabi season). The 

experimental site was situated at an elevation of 8.4 

m from the sea level. 

The temperature of the site increases gradually from 

January to June. Total monthly precipitation was 

high during January and April, while the minimum 

was during December, February, and March (Fig. 1). 

Before experimentation, the soil was analyzed to 

determine its physicochemical properties of the soil. 

Soil pH was measured with a glass electrode in a 

soil-water mixture with a ratio of 1:2.5 (w/v) (Kalra 

and Maynard, 1991). Soil organic matter was 

determined by the Wlkley-Black method (Walkley 

and Black, 1934); total soil N by the micro-Kjeldahl 

method (Yoshida et al., 1976);available P by Olsen 

method (Olsen et al., 1954); exchangeable K by 

NH4O-AC extraction method (Helmke and Sparks, 

1996); and available S (CaCl2-S) was determined by 

extracting the soil with 0.15 CaCl2 (Williams and 

Steinbergs, 1959). 

The field contains 40%, 45%, and 15% clay, silt, and 

sand, respectively, and is classified as silty clay. The 

soil has pH 6.1, organic matter 1.20%, total N 0.11%, 

available P 7.21 ppm, exchangeable K 0.19 meq/100 

g soil, and available S 11 ppm. 
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Fig. 1. Temperature and precipitation of the site 

during the experimental period  

Cultural practice and experimental treatments 

combination 

The site was prepared well before seed sowing. The 

soil was fertilized with urea, triple superphosphate, 

muriate of potash (MoP), gypsum, and zinc sulfate @ 

60, 170, 100, 100, and 10 kg ha
1

, respectively. After 

application, they were incorporated into the soil.  

The MoP was applied according to the treatment 

combination. The size of each plot was 3´4 m
2
. 

Polythene was used to make a ridgearound the plot to 

restrict lateral water movement. The treatments were 

Factor A (soybean genotypes): i. AGS383 and ii. 

G00166, Factor B (WL): i. control (no water logging) 

and ii. WL for 4 days at the flowering stage), and 

Factor C (K application): i. basal (100%) and ii. basal 

(50%) + top dress (50%) after the termination of water 

logging. A randomized complete block design with 

three replications was used to conduct the experiment. 

AGS383 is a bold-grained and medium-statured 

soybean genotype. This genotype requires 100 to 105 

days for maturity. Similarly, genotype G00166 is a 

short-stature and medium-grained genotype, which 

takes 80 to 85 days for maturity.  

Sowing soybean seeds 

Soybean seeds were sown manually in lines, 

maintaining 30´5 cm spacing. After sowing, the plots 

were lightly irrigated to confirm uniform seed 

germination. Thinning was done at the trifoliate leaf 

stage to maintain uniform and healthy crop growth. 

Weeding was done to keep the crop free from weeds 

and pulverized the soil crust for better aeration and 

conservation of soil moisture. Irrigation was done as 

and when necessary.   

Creation of WL condition 

The WL plots were surrounded by 30 cm deep 

polythene to hold water. The WLtreatment was 

created at the soybean's flowering stage (60 DAS). 

The height of flood water was 5 cm above the ground 

level. The treatments were continued for up to 4 

days, and water was drained out. The air temperature 

was recorded during water logging period. As the 

duration of WL was 4 days, the measurement was 

taken from the second day. The data were taken 

twice daily (9 am and 4 pm).  

Collection of leaf greenness, lodging, and growth data 

After the termination of flood water, leaf greenness 

was determined following the method adopted by 

Akter et al. (2021). Lodging of plants after the 

recession of water was estimated based on visual 

observation following the standard evaluation system 

of IRRI (1988). Data were collected on plant height, 

soil plant analysis development (SPAD), leaf and 

stem dry matter (DM), and yield contributing 

characters were determined. A SPAD meter (model: 

SPAD-502, Minolta Co. Ltd., Japan) was used to 

record the SPAD value. A SPAD meter is a meter for 

determining leaf greenness. The measurements were 

taken after the recession of flood water. For each 

treatment, three plants were identified from each 

replication for taking the SPAD value. The 

uppermost fully expanded leaveswere selected for 

taking measurements. Three readings were taken at 

the basal, middle portion, and terminal part of the 

leaf and averaged. For growth and DM, estimation 

sampling was done after the termination of the WL 

condition. A 100 cm measuring scale was used to 

record plant height. The leaves plant
1

 was recorded 

from the average of five plants.  

The leaf fresh weight (FW), turgid weight (TW), and 

dry weight (DW) were recorded.  

To record DM of leaf, nodule and stem parts were 

dried at 70 °C for 72 h. Relative water content 
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(RWC) and water saturation deficit (WSD) were 

determined according to Sangakkara et al. (1996). 

RWC = 
FW – DW 

× 100 
TW – DW 

 

WSD = 
TW – FW. 

× 100 
TW – DW. 

Harvesting and quantification of yield data 

The crop was harvested at physiological maturity 

when the pods turned brownish and got hard. To 

record yield components, five plants were 

collected from each plot. The first and last rows of 

the plot were avoided to reduce the border effect. 

The pods were separated and counted. The pod 

having at least one seed was counted as a filled 

pod. The length of ten pods was measured, andthe 

mean value was recorded. After separating the 

seeds from the pods, they were counted by hand. 

The weight of 100-seed was recorded for each 

genotype treatment-wise. The grain and straw 

yield data were collected from the 1.8 m
2 

area of 

each plot. After collecting plants, seeds were 

separated, air dried, weighted by an electrical 

balance, and converted to t ha
1

 at 14% moisture. 

The N, P, and K were determined from the 

collected grain samples. The grain sample was 

dried at 70 C for 72 hrs and ground by Wiley 

Mill. The ground sample was digested in 

concentrated H2PO4, and the micro Kjeldahl 

method determined the total N concentration 

(Yoshida et al., 1976). P and K concentrations 

were analyzed by digesting a 0.2 g grain sample 

with 6 ml of 5:2 HNO3: HClO4 (Yoshida et al., 

1976). Grain and straw samples from each plot (200 

mg) were taken and separately oven-dried at 65 C 

overnight to grind in a grinding machine.  

Statistical analysis  

Recorded data were analyzed using the CropStat 7.2 

statistical package program. The treatment means 

were separated following DMRT at a 5% probability 

level (Gomez and Gomez, 1984). 

 

Results and discussions 

Plant height and dry matter production at the 

flowering stage 

The plant height of AGS383 was 64.66 cm when K was 

top dressed in control and 55.77 cm when K was 

applied basally under the WL condition (Table 1). 

However, the plant height of G00166 was 31.88 cm 

when K was top dressed in control and 27.86 cm when 

K was applied basally under the WL condition. Both 

testing genotypes produced comparatively taller plants 

when K was top-dressed. However, AGS383 produced 

long-stature plants as compared to G00166 genotype. 

The genetic difference was responsible for the different 

plant heights of the two genotypes. The WL-induced 

decrease in plant height was noted in soybeans (Mamun 

et al., 2022). Kim et al. (2018) reported that the 

reduction in plant height under WL conditions was 

probably due to oxygen deficiency, anaerobic 

conditions, less root activity, and inhibition of synthesis 

and transport of photosynthetic assimilates. 

The leaf number of AGS383 was 36.67 plant
1

 when 

K was applied basally under the WL condition and 

32.00 when K was applied top dressed in control 

(Table 1). However, the leaf number of G00166 was 

58.66 plant
1

 when K was applied top-dressed under 

the WL condition and 49.66 when K was applied 

basally under the WL condition. Under the WL 

conditions, the leaves’ dry matter of both genotypes 

was higher than the control conditions. The leaf's dry 

matter of AGS383 was 10.72 g when K was applied 

basally under the WL condition and 7.40 g when K 

was applied basally in control. However, the leaf's 

dry matter of G00166 was 6.88 g when K was 

applied top dressed in control and 6.07 g when K was 

applied basally in control. The number of leaves 

plant
−1

 decreased due to the imposition of WL 

treatment. However,G00166 produced more leaves 

than AGS383 under both growing conditions. The 

WL induced several physiological disturbances in 

growth (Hasanuzzaman et al., 2016).  

However, the application of K after the recession of 

flood water provokes the production of more leaves 

plant
−1

 (Table 1). The supplementation of K increased 
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photosynthetic capacity and Chl content reported, 

resulting in more leaves plant
−1

. 

The nodules plant
1 

of AGS383 was 39.66 when K was 

applied basally in control and 13.00 when K was 

applied basally under the WL conditions. However, the 

nodules plant
1

 of G00166 was 24.33 when K was 

applied top dressed in control and 5.66 when K was 

applied basally under the WL conditions (Table 2). The 

nodule dry matter plant
1 

of AGS383 was 0.29 g when 

K was applied top dressed in control and 0.06 g when K 

was applied basally under the WL conditions. However, 

the nodule dry matter plant
1 

of G00166 was 0.32 g 

when K was applied top-dressed in control and 0.03 g 

when K was applied basally under the WL conditions.  

The stem dry matter plant
1 

of AGS383 was 6.04g 

when K was applied basally under the WL conditions 

and 4.71 g when K was applied basally in control. 

However, the stemdry matter plant
1 

of G00166 was 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.09 g when K was applied top dressed in control and 

2.68 g when K was  applied  basally  in  control. The  

nodule  number drastically reduced under WL in both 

genotypes. However, the top dressing of K reduced 

the nodule production. The nodule production was 

reduced by 67 and 70% under basal K application, 

while 23 and 32% under a top dressing of K 

treatment in the case of AGS383 and G00166, 

respectively. The decrease in nodule production 

under the WL condition may be due to decreased 

oxygen transport and nutrition uptake and result in 

root destruction (Dennis et al., 2000). 

Under hypoxia conditions, oxygen deficiency, 

anaerobic conditions, less root activity, and 

inhibition of synthesis and transport of 

photosynthetic assimilates are the probable causes of 

reduced nodule production. However, the top 

dressing of K fertilizer provoked the production of 

more nodules in soybean plants (Table 2).    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Effect of K application on growth of soybean at flowering stage 

 

Soybean 

genotypes 

 

Potassium 

application 

Plant height (cm) Leaves plant
-1

 Leaf weight plant
-1

 (g) 

Control WL Control WL Control WL 

AGS383 Basal 
63.55

a
 55.77

a
 32.00

b
 36.67

b
 7.40

a
 10.72

a
 

 Top dress 
64.66

a
 61.44

a
 36.66

b
 37.33

b
 8.19

a
 9.98

a
 

G00166 Basal 
29.66

b
 29.33

b
 51.33

a
 49.66

a
 6.07

b
 6.39

b
 

 Top dress 
31.88

b
 27.86

b
 55.00

a
 58.66

a
 6.88

b
 6.18

b
 

Similar letters in a column did not differ significantly at the 5% level. WL= Waterlagging. 

 

 Table 2. Effect of K application on dry matter production of soybean at flowering stage 

 

Soybean 

genotypes 

 

Potassium 

application 

Nodule plant
-1

 Nodule weight  

plant
-1 

(g) 

Stem weight  

plant
-1

 (g) 

Control WL. Control WL. Control WL 

AGS383 Basal 39.66
a
 13.00

b
 0.24

abc
 0.06

bc
 4.71

a
 6.04

a
 

 Top dress 35.33
a
 27.00

b
 0.29

ab
 0.11

abc
 5.04

a
 5.68

a
 

G00166 Basal 19.00
b
 5.66

b
 0.23

abc
 0.03

c
 2.68

b
 2.75

b
 

 Top dress 24.33
b
 16.33

b
 0.32

a
 0.22

abc
 3.09

b
 2.50

b
 

Similar letters in a column did not differ significantly at the 5% level. WL= Waterlagging 
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Leaf greenness and plant lodging after the 

termination of floodwater 

Leaf greenness was observed 7 days after the 

termination of flood water. In the WL condition, 

leaf greenness was high in the case of G00166 with 

a top dressing of K fertilizer (Table 3). The lowest 

greenness was observed in AGS383 (5) when K was 

applied basally under the WL condition. AGS383 

showed the highest lodging between the two 

genotypes under the WL condition with basal 

application of K fertilizer followed by a top 

dressing of K (Table 3). The lowest lodging was 

observed in the case of G00166 under the WL 

condition when K was top-dressed. 

The soybean plants were sensitive to WL The 

symptom of leaf color varied from green to yellow 

within 4 days of WL stress. In WL condition, leaf 

greenness was high in G00166 with the dressing of K 

fertilizer. The greenness of adult leaves was 

significantly lower in WL condition. Fixing carbon 

by plant level is detrimental, leading to poorer 

growth (Zeng et al., 2013). The WL negatively 

affected soybean genotypes standing in nature. 

Among the genotypes, AGS383 (50%) showed the 

highest lodging, followed by G00166 (20%) with a 

top dressing of K fertilizer. The AGS383 is a taller 

genotype, while G00166 is a short-stature one. Taller 

soybean genotypes are more prone to lodging than 

shorter ones (Todaka et al., 2015).  

 

 

 

 

 

 

 

 

 

 

Chlorophyll and relative water content at the 

flowering stage 

Under both control and WL conditions, the Soil Plant 

Analysis Development (SPAD) of G00166 was 

higher than that of AGS383.   

There was a general tendency of decreasing SPAD 

value due to WL irrespective of genotypes (Table 

4). The SPAD of AGS383 was 34.86 when K was 

top-dressed in control. However, the SPAD of 

G00166 was decreased (35.66) when K was top 

dressed under the WL condition. 

The Relative Water Content (RWC) did not show 

any clear trend due to the methods of the K 

application (Table 4). However, there was a general 

tendency of decreasing RWC due to WL irrespective 

of genotypes. The RWC of AGS383 was 81.92% 

when K was applied basally in control and 79.77% 

when K was applied basally under the WL condition. 

However, the RWC of G00166 was 83.33% when K 

was top-dressed in control and 70.88 when K was 

top-dressed under the WL condition. Under the WL 

conditions, the Water saturation deficit (WSD) of 

G00166 was higher than that of AGS383 in the case 

of both top-dressed and basally K applications. The 

WSD did not show any clear trend due to the 

methods of the K application. However, there was a 

general tendency to increase WSD due to WL 

irrespective of genotypes. The WSD of AGS383 was 

20.23% when K was applied basally under the WL 

condition and 18.08% when K was applied basally in 

control. However, the WSD of G00166 was 29.12% 

when K was applied basally under the WL condition 

and 16.67% when K was top dressed in control.  

 

 

 

 

 

 

 

 

 

 

Table 3. Effect of K application on leaf greenness and plant lodging of soybean after recession of flood water 

Soybean 

genotypes 

Potassium 

application 

Leaf greenness score Plant lodging score 

Control WL. Control WL 

AGS383 Basal 2.0 (80) 5.0 (50) 0 (0) 5.0 (50) 

 Top dress 1.0 (90) 4.0 (60) 0 (0) 3.5 (40) 

G00166 Basal 2.0 (80) 4.0 (60) 0 (0) 2.7 (30) 

 Top dress 1.0 (90) 3.0 (70) 0 (0) 1.0 (20) 

Values within parentheses indicate percent greenness or lodging. WL= Waterlagging  
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The Chl content of the leaf is highly correlated with 

leaf greenness. The Soil Plant Analysis Development 

(SPAD) was measured 7 days after the recession of 

floodwater to observe the changes in Chl status in the 

leaves. Our result indicated that soybean leaf Chl 

content significantly decreased due to WL, resulting 

in leaf color variation. The general SPAD values 

were decreased due to 4-days WL Under the WL 

condition,G00166 had the highest SPAD, while 

AGS383 had the lowest during the measurement 

period. Under stress conditions, the Chl content was 

reduced compared to control (Ferdous et al., 2018). 

Rocío et al. (2018) also observed a progressive 

decline in SPAD values of adult leaves under one 

week of WL. 

This was also supported by the findings of Mondal 

(2013). The WL inhibits N absorption by the root 

system, resulting in decreased SPAD of the leaf 

(Bacanamwo and Purcell, 1999). Under the WL 

condition, AGS383 exhibited the highest RWC, 

while G00166 gave the lowest. Both genotypes 

showed numerically higher RWC under control than 

WL. It indicated that WL is detrimental to RWC in 

soybeans. However, the reduction of RWC of 

G00166 was much higher than that of AGS383 due 

to WL. It revealed that the RWC of AGS383was less 

affected by WL than G00166. Therefore, the absolute 

amount of plant water content decreased. G00166 

exhibited the highest WSD under the WL.  

 

 

 

 

 

 

 

 

 

 

 

condition, while AGS383 gave the lowest one in 

control. Both genotypes showed numerically higher 

WSD under the WL conditions, indicating that the 

plants are subjected to a greater water deficit. 

Sterling et al. (2018) found that lodging occurs under 

the WL condition that hinders water uptake by 

soybeans. However, water and nutrient uptake by 

plants was disturbed under the WL conditions, 

resulting in higher WSD. (Dennis et al., 2000). 

Production of pods and seeds plant
1

 

The pod of AGS383 was 39.66 plant
1

 when K was 

top dressed in control and 30.33 plant
1

 when K was 

applied basally under the WL conditions. However, 

the pod plant
1 

of G00166 was 45.00 when K was 

applied top-dressed in control and 32.00 when K was 

top-dressed under the WL conditions (Table 5). The 

pod length of AGS383 was 4.25 cm when K was 

applied basally under the WL condition and 3.94 cm 

when K was applied basally in control. However, the 

pod length of G00166 was 4.34 cm when K was top-

dressed in control and 3.66 cm when K was applied 

basally under the WL condition (Table 5). The seed 

number of AGS383 was 2.73 pod
1

 when K was 

applied basally under the WL condition and 2.65 

pod
1

 when K was top dressed in control. However, 

the seed plant
1 

of G00166 was 2.73 when K was 

top-dressed in control and 2.00 when K was applied 

basally under the WL condition. 

 

 

 

 

 

 

 

 

 

 

Table 4. Effect of K application on chlorophyll, RWC, and WSD of soybean at flowering stage 

Soybean 

genotypes 

Potassium 

application 
SPAD value RWC (%) WSD (%) 

Control WL. Control WL. Control WL 

AGS383 Basal 34.66
b
 32.60

b
 81.92

a
 79.77

ab
 18.08

a
 20.23

ab
 

 Top dress 34.86
b
 33.60

b
 79.93

ab
 81.01

ab
 20.07

ab
 18.99

ab
 

G00166 Basal 39.06
ab

 39.97
a
 76.05

ab
 74.51

ab
 23.95

ab
 25.49

ab
 

 Top dress 41.36
a
 35.66

b
 83.33

a
 70.88

a
 16.67

a
 29.12

a
 

Similar letters in a column did not differ significantly at the 5% level. SPAD = Soil Plant Analysis Development; 
RWC = Relative Water Content; WSD = Water Saturation Deficit. WL= Waterlagging. 
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The number of pods and seeds plant
1

 are the yield 

contributing characteristics of soybean. In this study, 

the production of pods and their length were reduced 

due to WL in soybeans. Growth and pod formation 

weredisturbed under WL conditions (Ahmed et al., 

2020; Islam et al., 2014; Sathi et al., 2022). However, 

the genotype G00166 produced more pods plant
1

 and 

longer-sized pods when K was applied after the flood 

recession. This finding was similar to Vyas et al. 

(2007) and Alam et al. (2009).  

Grain and straw yield of soybean 

The 100-seed weight of AGS383 was 19.94 g when K 

was top-dressed under the WL condition and 14.34 g 

when K was top-dressed under the control (Table 6). 

However, the 100-seed weight of G00166 was 11.81 g 

when K was applied basally under the WL condition 

and 9.66 g when K was top dressed in control. 

Under the flooded condition, the 100-seed weight of 

soybean was more than the control condition when K 

was both top dressed and basally applied. This 

finding did not match the findings of Ara et al. 

(2016), who found that 100-seed weight decreased 

when the plants were subjected to WL stress. Ahmed 

et al. (2013) reported that the individual seed weight 

of maize and soybean was increased by 8 and 4%, 

respectively, under heavier K application. It may be 

due to increased plant photosynthetic activity and 

sink capacity by applying K, as reported by Alam et 

al. (2009) and Ahmed et al. (2020). However, the 

seed size of AGS383 was bigger than G00166. The 

weight of individual seeds is a genetically regulated 

character, and AGS383 has a bigger-sized seed. 

 

 

 

 

 

 

 

 

The seed yield of AGS383 was higher under control 

than WL conditions in both modes of K application. 

The seed yieldof AGS383 was 2.61 t ha
1

 when K was 

top dressed under the control condition and 1.52 t ha
1

 

with basal K application in WL. However, the seed 

yieldof G00166 was higher at 1.40 t ha
1

 when K was 

applied basally in control and 1.05 t ha
1

 when K was 

top dressed under the WL. The straw yieldof AGS383 

was 1.56 t ha
1

 when K was applied basally under the 

WL condition and 1.43 t ha
1

 with basal K application 

in control. However, the straw yieldof G00166 was 

0.79 when K was top dressed under the WL condition 

and 0.72 t ha
1

 when K was applied basally under the 

WL condition (Table 6). Under the WL conditions, 

grain yield was drastically reduced. The reduction of 

yield contributing characters under WL resulted in 

lower yield. The yield components of mungbean were 

also affected by WL, as reported by Islam et al. 

(2014), resulting in lower yield (Amin et al., 2017). 

However, the split application of K improved grain 

yield in the case of AGS383 under both growing 

conditions. In this experiment, AGS383 produced 2 and 

15% higher grain under the control and WL conditions, 

respectively, when K was applied after the recession of 

flood water. It indicated that the detrimental effect of 

flooding K fertilizer can be reduced. This finding also 

agreed with the result of Vyas et al. (2007). Application 

of K increased test weight and grain yield (Uddin et al., 

2013) because photosynthetic activity, translocation, 

and metabolism of carbohydrates are influenced by K 

(Lu et al., 2016). The genotype AGS383 yielded 1.43 

and 1.45 t ha
1 

straw in the K basal and split 

application, respectively, under control. 

 

 

 

 

 

 

 

 

Table 5. Effect of K application on pod and seed production of soybean at harvest 

Soybean 

genotypes 

Potassium 

application 

Pod plant
-1

 Pod length (cm) Seeds pod
-1

 

Control WL Control WL Control WL 

AGS383 Basal 34.00
a
 30.33

ab
 3.94

a
 4.25

bcd
 2.66

ab
 2.73

a
 

 Top dress 39.66
ab

 34.00
ab

 4.04
ab

 4.24
bcd

 2.65
ab

 2.60
abc

 

G00166 Basal 44.00
ab

 37.66
ab

 3.76
ab

 3.66
cd

 2.26
bcd

 2.00
d
 

 Top dress 45.00
ab

 32.00
b
 4.34

abc
 3.81

d
 2.73

a
 2.20

cd
 

Similar letters in a column did not differ significantly at the 5% level. WL= Waterlagging 
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Nutrient concentration in soybean grain 

The WL can lead to nutrient deficiency, particularly 

in N, K, and P in various plant species. Soil WL 

causes a significant decrease in K uptake in plants 

due to reduced root activity (Amin et al., 2017) as a 

reason the plant shows wilting. In this experiment, 

both genotypes absorbed more nutrients under the WL 

condition than control (Table 7). 

The N concentration in the grains of AGS383 was 

6.48 and 6.61% under the WL condition when K was 

applied basally and top dress, respectively. This 

genotype accumulated 5.48 and 5.35% N in grain 

when K was top dressed. Under the control 

condition, the P concentration was 0.44 and 0.46% in 

AGS383, while 0.49 and 0.58% in G00166 when K 

was applied basally and top dressing, respectively. 

G00166 absorbed 3.22 and 3.13% K under WL and 

2.75 and 3.05% under control with basal and split 

application of K fertilizer, respectively (Table 7). 

The application of K improved the total amount of N  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

in plants, as reported by Ahmed et al. (2013). Fixed 

ammonium ions were released from the soil in the 

presence of K, which favors plants to accumulate a 

higher amount of N. Therefore, plants' N, P, and K 

content increased due to applying K (Ali et al., 

2019). Board (2008) reported that the effects of WL 

on P were not mentionable. Energy is essential in the 

root system for the active transportation of different 

nutrients (Mohammadi, 2009). 

Under drought or WL conditions, the energy in the 

root system is reduced, and transportation of N, P, and 

K is suppressed (Rima et al., 2019; Vodnik et al., 2009).   

N, P, and K concentrations were higher under the WL 

condition in both genotypes. The exogenous application 

of K fertilizer improves N uptake when plants are 

subjected to WL conditions (Elzenga and Veen, 2010). 

Under the WL condition, plant growth, pigment 

content, and nutrient uptake by roots improve when 

K is applied as a supplement (Solaiman et al., 2007). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 7. Effect of K application on the nutrient accumulation in grain of soybean at harvest 

Soybean 

genotypes 

Potassium 

application 

Nitrogen (%) Phosphorus (P, %) Potassium (%) 

Control WL Control WL Control WL 

AGS383 Basal 5.48
c
 6.48

b
 0.44

b
 0.53

ab
 2.75

d
 2.83

cd
 

 Top dress 5.35
d
 6.61

a
 0.46

ab
 0.45

ab
 2.95

c
 2.73

d
 

G00166 Basal 4.85
c
 5.07

c
 0.49

ab
 0.52

ab
 2.75

d
 3.22

a
 

 Top dress 4.79
c
 5.29

d
 0.58

a
 0.57

ab
 3.05

b
 3.13

a
 

Similar letters in a column did not differ significantly at the 5% level. WL= Waterlagging 

 

 

 

 

 

 

 

 

Table 6. Effect of K application on grain and straw yield of soybean at harvest 

Soybean 

genotypes 

Potassium 

application 

100-seed weight (g) Grain yield (t ha
-1

) Straw yield (t ha
-1

) 

Control WL Control WL Control WL 

AGS383 Basal 14.36b
 19.76a

 2.56
a
 1.52c

 1.43a
 1.56a

 

 Top dress 14.34
b
 19.94a

 2.61a
 1.75b

 1.45a
 1.44a

 

G00166 Basal 10.13cd
 11.81c

 1.40c
 1.06d

 0.76b
 0.72b

 

 Top dress 9.66d
 11.02cd

 1.08d
 1.05d

 0.73b
 0.79b

 

Similar letters in a column did not differ significantly at the 5% level. HL = Waterlogging. 
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Conclusions 

Flooding negatively affected leaf greenness, 

chlorophyll content, relative water content, plant 

height, nodule, pod number, and grain and straw 

yield of soybeans. The detrimental effect of flooding 

was minimal when potassium was applied 50% 

during final land preparation and 50% after the 

recession of flood water. It could be concluded that 

AGS383 could be cultivated as a relatively high-

yielding soybean genotype in waterlogging 

conditions for 4 days following potassium 

application as 50% during final land preparation and 

50% after the recession of flood water. 
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 Transplanted (T) Aman rice covers most of the arable land in the south 

coastal region of Bangladesh, where nitrogen fertilizer requirement in the 

Ganges tidal water flooded ecosystem yet not determined. The on-farm 

experiment was conducted at Dumki Upazila, Patuakhali district of 

Bangladesh, during T. Aman rice season 2020. The three replicated 

randomized complete block design was used in the experiment. There were 

eight treatments with different rates of nitrogen, e.g., control (no nitrogen 

fertilizer), 18, 36, 54, 72, 90, 108, and 126 kg N ha
-1

, which was equivalent 

to 0, 20, 40, 60, 80, 100, 120 and 140% of the current recommended rate, 

respectively. The test variety of rice was BR23. An increase in nitrogen rates 

progressively increased the grain yield of rice. The highest yield of 5.04 t ha
-

1
 was found in 54 kg N ha

-1
 rate. However, using a quadratic equation, the 

most optimum rate was 75 kg N ha
-1

, 17% lower than the current 

recommendation. Nitrogen amendment could increase T. Aman rice grain 

yield by only 35% over control under tidal water flooded conditions. The 

agronomic efficiency, recovery efficiency, and physiological efficiency of 

nitrogen were higher in lower rates of N and gradually decreased with the 

increase of the rate of N application. The present study recommends 75 kg N 

ha
-1

 for cultivating T. Aman rice (BR23) in tidal water flooded the south 

coastal ecosystem of Bangladesh. 

 

Introduction 
 

 

Rice is the staple food for approximately 163 million 

people in Bangladesh (BBS, 2019). Almost 16.5 

million farm families (48% rural employment) 

cultivate rice (Akter et al., 2019). Especially in the 

south coastal region, most of the arable lands are 

occupied by T. Aman rice in the wet season (Kharif 

II). Although a big coverage, the yield potentiality of 

the traditionally grown T. Aman rice crop is very 

low. 

While agronomic research has appeared to neglect 

cropping systems in environmentally challenging 

coastal areas, increasing T. Aman rice productivity is 

critical in efforts to improve food security. The 

location of farmers' fields in relation to the landscape 

is a key factor determining T. Aman's productivity in 

those areas. Increasing macro and micronutrients 

may be the most common technique for enhancing 

crop yields (Howlader et al., 2013; Hania et al., 

2013; Begum et al., 2015). Nitrogen is the most 

limiting element, but the ecosystem usually loses 

more than half of the applied nitrogen (Haque et al., 

2023a). In flooded rice, water depth may fluctuate 

during the growing season due to tidal water 

submergence; improving nitrogen performance is 

especially problematic (Ladha et al., 2005). Rice has 
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recorded the low efficiency of nitrogen recovery by 

above-ground biomass (Haque and Jharna, 2008). 

Denitrification and volatilization, which impact 

farmers' water and crop management practices, may 

also induce fewer efficiencies under some 

circumstances due to leaching, seepage, and/or 

runoff (Choudhury and Kennedy, 2005).  

To achieve optimal lowland rice grain yields, 

nitrogen is usually a crucial component. Among the 

mineral nutrient elements, nitrogen is the highest 

required element, which considerably improves the 

yield and quality of rice (Peng et al., 2021). 

However, if it is misused, it will pollute groundwater. 

Farmers generally apply excess nitrogen fertilizer, 

which is an optimum requirement for rice's rapid and 

vigorous growth. The over-application of nitrogen 

fertilizer in the soil causes underground water and 

environmental pollution and promotes soil 

acidification (Ma et al., 2021). 

Modern crop production technology includes using 

appropriate fertilizer rates and fertilizer application 

methods to improve crop yield per unit area (Haque 

et al., 2023b). The optimal rate of nitrogen 

fertilization has traditionally been the rate that yields 

the highest economic yield. The required optimum 

nitrogen rate varies depending on soil type, cultivar 

yield potential, phosphorus and potassium levels, 

water management methods, disease, pest, and weed 

strength. In Bangladesh, fertilizer recommendations 

are made based on the agro-ecological zones with 

high heterogeneity in land type and soil fertility 

(FRG, 2018). Moreover, soil fertility status decreases 

daily due to increasing cropping intensity and 

introduction of high-yielding crops and crop varieties 

in the coastal cropping systems (Haque, 2020). The 

reduced fertility status signifies the update of 

nitrogen fertilizer recommendations. An updated 

recommendation is therefore needed for growing 

rice, especially in coastal tidal water-flooded 

ecosystems. Using an acceptable nitrogen rate is 

critical for maximizing economic returns and 

reducing emissions of chlorofluorocarbon gas 

(Fageria and Baligar, 2003). 

Improved nitrogen use efficiency to achieve both high 

yield and grain quality needs close consideration of 

the rate of nitrogen fertilizer applications (Haque and 

Hoque, 2023). The current research work, therefore, is 

undertaken to determine the optimum nitrogen rate for 

T. Aman rice cultivation at the south coastal Ganges 

tidal water flooded ecosystem. 

Materials and Methods 

Experimental site and soil 

The experiment was conducted at the farmers' field 

of Dumki upazila of Patuakhali district, Bangladesh, 

in the Kharif-II season 2020. Geographically, the 

experimental sites were located at 22.46328° north 

latitude and 90.39665° east longitude, typical of a 

non-saline Ganges tidal water flooded coastal 

ecosystem. Texturally, the soil (0-15 cm) was silt 

loam (80 sand:755 silt:165 clay, g kg
-1

) with pH 

(water) 6.6, EC (dS/m) 0.92, Walkley & Black 

organic carbon 5.6 g kg
-1

, total N (Kjeldahl N) 0.45 

g kg
-1

, Olsen P 5.75 mg kg
-1

, NH4OAc 

exchangeable K 0.33cmol (+) kg
-1

 and CaCl2 

extractable S 17.5 mg kg
-1

. Soil physical and 

chemical analysis was done according to the 

methods described by Page et al. (1982). 

Treatments and design 

There were eight treatments with different rates of 

nitrogen, e.g., control (no nitrogen fertilizer), 18, 36, 

54, 72, 90, 108, and 126 kg N ha
-1

, which was 

equivalent to 0, 20, 40, 60, 80, 100, 120 and 140% of 

the current agro-ecological zone (AEZ) based 

recommended rate of nitrogen (FRG 2018), 

respectively. The statistical design of the study was a 

single randomized complete block design, having 

been replicated thrice. In each block, the treatments 

were randomly distributed to the plots.  

Crop and Variety 

The tested crop was rice, and the variety was BR23. 

The rice variety was developed by the Bangladesh 

Rice Research Institute for the Kharif-II season. This 
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is a late variety for the T. Aman season and is very 

popular in coastal regions. This variety can be 

transplanted up to the last week of September. 

Raising seedling 

Healthy seeds of BR23 were immersed in water for 

24 hours. The seeds were then taken into a gunny 

bag. The bag was covered with a polythene sheet to 

improve the temperature inside the gunny bag. By 48 

hours, the seeds started to sprout. After 72 hours, 

most of the seeds were fully germinated. A seedbed 

was prepared on high land for raising seedlings. The 

sprouted seeds of BR23 were sown on 3rd August 

2020 in the seed bed. 

Field preparation  

The main field was tilled with a tractor one week 

prior to transplanting. Three plowing and cross 

plowing followed by laddering were done to make 

optimum puddled condition and to level the field. 

Individual small plots were prepared according to 

the layout and design of the experiment. Each plot 

had a size of 4m × 3m, and the unit plots were 

surrounded by 30 cm wide and 10 cm high earthen 

embankment. In between two blocks, a one-meter 

space was kept free of crops.  

Fertilizer application 

Every plot received equal P and K fertilizers (15 and 

50 kg ha
-1

 P and K, respectively). Sulfur, zinc, or 

other nutrients were not applied in the field because, 

in our earlier experiments, we found no response to 

those elements in rice (Haque et al., 2023a). Urea, 

triple super phosphate, and muriate of potash were 

the sources of N, P, and K, respectively. One-third of 

urea and full TSP and MoP were broadcasted during 

tilling. The rest of the urea was top-dressed at 20 and 

35 days after transplanting.  

Uprooting and transplanting of seedlings 

A light irrigation was made in the seedbed before 

the uprooting of the seedlings. Seedlings were then 

uprooted carefully so that no injury occurred in the 

seedlings. The seedling age was thirty days during 

transplanting, and plant-to-plant and row-to-

distance was 20 cm × 20 cm. Each hill is 

comprised of 3-4 healthy seedlings. Transplanting 

of seedlings was done on 2
nd

 September 2020. 

Intercultural operations 

Crops were grown under rainfed conditions; 

therefore, no irrigation was done. Rice plants enjoyed 

tidal water flooding during their growth period. 

However, there are fifteen days of spring tide and 

fifteen days of neap tide. During the neap tide period, 

water drains out from the field, and fields are 

inundated with water during the spring tide. Urea 

fertilizers were top-dressed during the neap tide 

period, a common practice in the coastal region. The 

experimental plots were weeded three times. A 

popular insecticide named Virtako was sprayed to 

control rice stem borer infestation. 

Harvesting and data collection 

The rice crop was harvested separately on 25
th

 

December 2020 in every unit plot. The grain was 

separated from the straw by threshing immediately 

after harvesting, and the fresh weight of each plot's 

grain was collected at the time of harvest. During 

weighing grain, moisture content was determined 

using a moisture meter. Grain yield was expressed on 

a 14% moisture content basis, whereas straw yield 

was expressed on a sundry basis. Growth and yield 

contributing data were recorded from five randomly 

selected plants. The grain and straw yield data were 

recorded by harvesting crops from 4 m
2
 area. The 

harvest index and nitrogen use efficiencies were 

calculated using the following formula: 

Harvest index (%) 

The Harvest index was calculated by the following 

formula: 

Harvest index (%)  
           

                         
× 100 
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Agronomic efficiency of N (AEN) 

The agronomic efficiency of nitrogen was calculated 

as follows: 

    
       

  

 

Where, AEN= Agronomic efficiency of nitrogen 

  YNA= Yield (kg ha
-1

) due to N 

addition 

  YNO= Yield (kg ha
-1

) due to N 

omission 

  RN= Rate of N addition (kg ha
-1

) 

Recovery efficiency of N (REN) 

Recovery efficiency can be calculated as follows: 

                      
         

  

 

Where,  

NUNA: Nutrient uptake (kg 

ha
-1

) due to nutrient addition 

NUNO: Nutrient uptake (kg 

ha
-1

) due to nutrient omission 

RN: Rate of nutrient 

addition (kg ha
-1

) 

Physiological efficiency of N (PEN) 

Physiological efficiency was calculated as follows: 

                           
   -   

    -    

 

Where,  

YNA: Yield (kg ha
-1

) due to 

nutrient addition 

YNO: Yield (kg ha
-1

) due to 

nutrient omission 

NUNA: Nutrient uptake (kg 

ha
-1

) due to nutrient addition 

NUNO: Nutrient uptake (kg 

ha
-1

) due to nutrient omission 

Plant sample analysis 

The micro-Kjeldahl method determined the total 

N content in grain and straw samples (Page et al., 

1982). The top third leaf was used to determine 

chlorophyll concentration following the method 

described by Coombs et al. (1985).  

Statistical analysis  

Data recorded on plant parameters were analyzed 

through the computer-based statistical program 

STAR (Statistical Tool for Agricultural 

Research). The significant effect of treatments 

was determined by analysis of variance 

(ANOVA) using a one-way randomized complete 

block design model. The treatment means were 

compared at a 5% significance level by Duncan's 

Multiple Range Test (DMRT).  

Results and Discussion 

Growth and yield attributing characters 

The plant height of the T. Aman rice varied 

significantly due to different nitrogen doses 

(Table 1). The plant height was greatly affected 

by the application of different doses of N, and 

plant height increased with increasing rate of N. 

Plant height varied from 127.3 to 144.1 cm. The 

tallest plant was found both in 108 kg N ha
-1 

(120% recommended rate) and 126 kg N ha
-1 

(140% recommended rate) rate, which was 

statistically similar to 90 kg N ha
-1 

(100% 

recommended rate) rate (143.5 cm). The shortest 

plant of 127.3 cm was found in the control 

treatment. The 18 kg N ha
-1

 recorded statistically 

similar plant height of the control treatment. 

However, in the experiment, the increased rate of 

N progressively increased the plant height of T. 

Aman rice up to 90 kg N ha
-1

. Thereafter, plant 

height attained a plateau. Increased plant height 

with the nitrogen treatments in sufficient amounts 

for the rice plant throughout the life cycle might 

have favored increased cell division and cell 

enlargement, which ultimately contributed to 

higher plant height and the number of effective 

tillers hill
-1

of rice (Jahan et al., 2020). 
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Different nitrogen doses significantly influenced the 

number of effective tillers per hill (Table 1). Results 

showed that 126 kg N ha
-1

(140% recommended rate) 

produced the highest number of tillers per hill (9.0). 

The lowest number of tillers per hill, 4.9, was 

recorded in T1, which was statistically similar to the 

treatments T2 and T3. Table 1 shows that an 

increased level of N progressively increased the tiller 

production of T. Aman rice, although a higher rate of 

N had no significant improvement. The improved 

efficiency in tillers hill
-1

 observed in those treatments 

was attributed to positive root development and 

increased nitrogen mobility in soil solution and plant 

root absorption. The results conform with those of 

Tripathi and Jaishwal (2006). 

Different nitrogen doses significantly affected the 

number of filled grains per panicle (Table 1). The 

highest number of grains per panicle (142.1) was 

obtained from 90 kg N ha
-1

(100% recommended 

rate). The results clearly showed that with 

theincrease in the nitrogen dose, the number of 

grainsper panicle progressively increased to a certain 

level. After that, it sharply decreased. It indicates that 

excess N reduced rice fertility, which ultimately 

negativelyimpacted achieving higherrice yields 

(Zhao et al., 2022). It was found that 90 kg N ha
-

1
(100%  recommended  rate) treatment  had  80% 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

higher grain production over control. This might be 

because of the interaction between the source and 

sink, indicating that the maximum N source 

percentage is used per panicle and grain filling to 

create maximum spikelets (Ghoneim et al., 2018).  

Thousand-grain weight of T. Aman rice did not vary 

significantly due to different N doses (Table 1). It 

probably happened due to the genetic characteristics 

of rice because rice coleoptile size did not vary to a 

greater extent by any management practices.  

Yield parameters 

Different nitrogen doses significantly affected the 

grain yield of T. Aman rice (Table 2). The lowest 

grain yield of 3.74 t ha
-1

 was recorded in the control 

treatment. The grain yield was progressively 

increased up to 54 kg N ha
-1 

with the increase of the 

rate of N application, and the highest yield of 5.04 t 

ha
-1

 was found at 54 kg N ha
-1

rate, and yield 

decreased with increasing N rate. From the crop 

response curve, grain yield attained a static level up 

to 72 kg N ha
-1

, and after that, grain yield decreased 

with increasing N rates under tidal flooded 

conditions. All the grain yield data were fitted into a 

quadratic equation of crop response curve to find out 

the optimum rate of N for growing T. Aman rice. It 

was found from Fig. 1 that 75 kg N ha
-1

 was the 

optimum rate of N for growing T. Aman rice (BR23) 

under tidal water flooded conditions of the coastal 

Table 1. Effects of different rates of nitrogen application on growth and yield contributing 

characters of T. Aman rice (BR23) 
 

 

Treatments 
Plant height 

(cm) 

Effective tillers 

hill
-1

 (no.) 

No. of filled 

grains panicle
-1

 

1000-grain wt. 

(g) 

T1: N control 127.3 c 4.9 c 78.9 c 24.1 

T2: 18 kg N ha
-1

 132.0 c 5.9 bc 110.5 b 24.4 

T3: 36 kg N ha
-1

 137.3 b 6.7 abc 131.6 ab 25.1 

T4: 54 kg N ha
-1

 137.9 b 7.3 ab 135.3 ab 25.4 

T5: 72 kg N ha
-1

 140.2 ab 7.7 ab 137.1 ab 25.4 

T6: 90 kg N ha
-1

* 143.5 a 8.2 ab 142.1 a 25.1 

T7: 108 kg N ha
-1

 144.1 a 8.0 ab 128.1 ab 25.6 

T8: 126 kg N ha
-1

 144.1 a 9.0 a 126.7 ab 25.5 

% CV 1.29 11.36 8.76 7.31 

Pr (> F) 0.0000 0.0005 0.0001 0.9550 

Means with the same letter are not significantly different at the 5% level by DMRT; * indicate 

recommended rate (FRG, 2018) 
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region of Bangladesh. This rate is 83% of the current 

recommended rate. Therefore, there is a scope to 

reduce the N rate by about 17% from the AEZ-based 

recommendation made by the Fertilizer 

Recommendation Guide (FRG, 2018). Improved root 

and canopy functions and a morecoordinated source-

sink relationship increased yield associated with 

yield-contributing characters (Ju et al., 2021). The 

less severe effects of N deficiency for T. Aman rice 

may be related tolower yield and, therefore decreased 

demand and to The supplementary supply of N from 

tidal water inundation (Rahman et al. 2013). Tidal 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

water contains a huge amount of suspended silt and 

clay particles, which contribute to the N nutrition of 

the plant (Haque et al. 2008; Haque 2010, 2012). In 

the experiment, the initial soil contained only 0.45 g 

kg
-1

 N and 5.6 g kg
-1 

organic carbon, indicating a 

very low level of N. However, crop response was 

not obtained in higher N doses because of dissolved 

N in tidal water. According to Rahman et al. (2013), 

a 10 cm depth of tidal water can supply 0.05 to 0.46 

kg ha
−1

 nitrate, 0.02 to 0.38 kg ha
−1

 ammonium, and 

0.05 to 0.42 kg phosphate ha
−1

 daily. 
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Fig. 1. Crop response curve to identify the optimum rate of N for growing T. Aman 

rice (BR23) at Ganges tidal water flooded the ecosystem 

 

Table 2. Effects of different rates of nitrogen application on yield of T. Aman rice (BR23) 
 

Treatments Grain yield (t ha
-1

) Straw yield (t ha
-1

) Harvest index (%) 

T1: N control  3.74 
b
 4.48 

b
 45.6 

ab
 

T2: 18 kg N ha
-1

 4.48 
ab

 4.97 
ab

 47.3 
ab

 

T3: 36 kg N ha
-1

 4.99 
a
 5.17 

ab
 49.4 

a
 

T4: 54 kg N ha
-1

 5.04 
a
 5.07 

ab
 49.6 

a
 

T5: 72 kg N ha
-1

 4.76 
a
 5.13 

ab
 48.2 

ab
 

T6: 90 kg N ha
-1

* 4.55 
ab

 5.46 
a
 45.3 

ab
 

T7: 108 kg N ha
-1

 4.36 
ab

 5.57 
a
 43.9 

ab
 

T8: 126 kg N ha
-1

 4.30 
ab

 5.73 
a
 42.9 

b
 

% CV 7.50 6.07 4.47 

Pr (> F) 0.0075 0.0068 0.0095 

Means with the same letter are not significantly different at the 5% level by DMRT;*indicate 

recommended rate (FRG, 2018) 
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               = 
- 

  
 

-      

     -       
= 75 kg ha

-1
 

The straw yield varied significantly due to the 

application of different doses of nitrogen (Table 2). 

Results showed that increasing the N dose 

progressively increased the straw yield of rice; the 

highest (5.73 t ha
-1

) was found in 126 kg N ha
-

1
(140% recommended rate), which was statistically 

similar to 90 and 108 kg N ha
-1

 with the value of 5.46 

t ha
-1

 and 5.57 t ha
-1

, respectively. The lowest straw 

yield (4.48 t ha
-1

) was obviously achieved from the 

control treatment. The results found in grain yield 

were quite different from straw yield data. Increasing 

the N rate proportionately increases the vegetative 

growth of rice; interestingly, excessive vegetative 

growth does not favor a higher yield; rather, grain 

yield decreases due to an increase in the sterility of 

rice. Higher availability of nitrogen in the field at the 

vegetative growth stage when the primary, 

secondary, and tertiary tillers are initiated, and the 

accumulation of dry matter is probably favored to 

produce the higher straw yield. The results showed 

that the higher dose of nitrogen influenced vegetative 

growth in terms of plant height and total tillers per 

hill, resulting in differences in straw yield (Haque et 

al., 2003). 

The different nitrogen doses significantly influenced 

the harvest index (HI) (Table 2). No N fertilizer was 

added in the control treatment, and HI was 45.6. The 

HI value progressively increased with the increase 

in  the rate of N up to 54 kg N  ha
-1 

(49.6 %); 

 

 

 

 

 

 

 

 

 

 

 

after that, it gradually decreased with increasing rate 

of applied N. The lower HI was found in higher 

rates of N due to higher straw yield in these 

treatments. Similar findings also found that the 

harvest index increased with increasing doses of N 

fertilizer, but after a certain level, it decreased 

(Siddique et al., 2014).  

Grain and straw N contents 

Different nitrogen doses had remarkable effects on 

the grain N content of T. Aman rice, though the 

effects on grain N contents were not significantly 

different (Table 3). Grain N content varied from 1.13 

to 1.49 % over the treatments, with the highest value 

found in 126 kg N ha
-1

 rate and the lowest in the 

control treatment. It is observed from Table 3 that 

increasing the applied N rate proportionately 

increases the grain N content. Unfortunately, a higher 

rate of N in grain could not contribute to achieving a 

higher grain yield of rice. It means that rather than 

excess, a certain level of N in grain is required to 

attain the maximum rice yield. Various nitrogen 

doses significantly affect straw nitrogen content 

(Table 3). Like grain, the straw N content also 

progressively increased with the increased rate of 

applied N. The Highest nitrogen content (1.33%) was 

obtained from the T8 (126 kg N ha
-1

) treatment, and 

the lowest straw nitrogen content (0.95%) was found 

in the control treatment. However, there was found 

no significant difference in straw N contents in all 

the  N doses except control. 

 

 

 

 

 

 

 

 

 

 

 

Table 3. Effects of different rates of nitrogen application on N content and uptake of T. Aman rice (BR23) 

 

Treatments 
Grain N 

content (%) 

Straw N content 

(%) 

Grain N uptake 

 (kg ha
-1

) 

Straw N uptake 

(kg ha
-1

) 

Total N uptake 

(kg ha-1) 

T1: N control 1.13 0.95
b
 42.14

b
 42.84

d
 84.89

b
 

T2: 18 kg N ha
-1

 1.39 1.18
a
 62.40

a
 58.38

c
 120.78

a
 

T3: 36 kg N ha
-1

 1.44 1.21
a
 72.32

a
 62.49

bc
 134.81

a
 

T4: 54 kg N ha
-1

 1.41 1.22
a
 70.20

a
 61.69

bc
 131.89

a
 

T5: 72 kg N ha
-1

 1.43 1.25
a
 67.97

a
 63.85

abc
 131.82

a
 

T6: 90 kg N ha
-1

* 1.46 1.23
a
 66.56

a
 67.35

abc
 133.91

a
 

T7: 108 kg N ha
-1

 1.48 1.31
a
 64.70

a
 72.98

ab
 137.68

a
 

T8: 126 kg N ha
-1

 1.49 1.33
a
 64.11

a
 76.21

a
 140.32

a
 

% CV 10.36 6.14 10.56 6.88 7.08 

Pr (> F) 0.1375 0.0008 0.0023 0.000 0.0001 

Means with the same letter are not significantly different at the 5% level by DMRT; * indicate recommended rate (FRG, 2018). 
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Nitrogen uptake 

Grain nitrogen uptake varied significantly with 

different nitrogen doses (Table 3). It varies from 42.14 

kg ha
-1

 to 64.11 kg ha
-1

 over the treatments. Different 

nitrogen doses also significantly influenced straw 

nitrogen uptake (Table 3). The highest straw nitrogen 

uptake (76.21 kg ha
-1

) takes place in the T8 (126 kg N 

ha
-1

) treatment, and the lowest straw nitrogen uptake 

(42.84 kg ha
-1

) takes place in the T1 (no nitrogen) 

treatment. Total nitrogen uptake also varied due to 

different N doses (Table 3). It varies from 84.89 kg ha
-

1
 to 140.32 kg ha

-1
. The highest was found in T8 (126 

kg N ha
-1

), and the lowest was in T1 (no nitrogen) 

treatment.  

Agronomic use efficiency of N  

Nitrogen doses had a tremendous effect on 

agronomic efficiency of N (AEN; Fig. 2). The AEN 

varied from 4.5 to 41.1 kg grain per kg added N. In 

lower N application doses, agronomic efficiency was  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

found to be higher, and agronomic efficiency was 

found to be lower in higher N application doses. 

Haque and Hoque (2023) reported that the 

progressively increased rate of N application 

increased both grain yield and N concentration in 

plants following quadratic model, therefore, at a 

lower rate of N application, the N use efficiency 

parameters were higher, and at a higher rate, the N 

use efficiency was lower. At low doses of N fertilizer 

application, Saleque et al. (2005) also indicated that 

AEN generally is higher. 

Recovery efficiency of N (REN) 

Nitrogen doses greatly affected recovery efficiency 

(Fig. 3). The REN varied from 0.174 to 1.125 kg 

grain per kg added N. In lower N application doses, 

the recovery efficiency was higher, and similarly, in 

higher N application doses, the recovery efficiency 

was lower.  
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Fig. 2. Agronomic efficiency (kg grain kg
-1

N) of nitrogen for growing T. Aman rice (BR23) at 

Ganges tidal water flooded coastal ecosystem of Bangladesh; vertical lines in bars indicate 

standard error of the mean. 
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Physiological efficiency of N (PEN) 

Nitrogen doses had an interesting effect on the 

physiological efficiency of N (Fig. 4). The PEN 

varied from 27.5 to 44.5 kg grain per kg N uptake. 

Firstly, in lower N application doses, the PEN was 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

found to be lower; similarly, in higher N application 

doses, the PEN was higher. Physiological efficiency 

was found to be highest at a 54 kg N ha
-1

 rate but 

gradually decreased after an increase in nitrogen rate. 
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Fig. 3. Recovery efficiency (kg N uptake kg
-1 

added N) of nitrogen for growing T. Aman rice (BR23) at 

Ganges tidal water flooded coastal ecosystem of Bangladesh; vertical lines in bars indicate standard error of 

the mean. 

Fig. 4. Physiological efficiency (kg grain kg
-1 

N uptake) of nitrogen for growing T. Aman rice (BR23) at 

Ganges tidal water flooded coastal ecosystem of Bangladesh; vertical lines in bars indicate standard error of 

the mean. 
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Chlorophyll content of leaf 

Chlorophyll-a, chlorophyll-b, and total chlorophyll 

content varied significantly with different nitrogen 

doses (Table 4). Increased N levels progressively 

increased the chlorophyll content of the leaf. Over 

the treatments, chlorophyll-a, chlorophyll-b, and 

totalchlorophyll content varied from 2.48 to 3.36,  

0.52 to 0.77 and 3.01 to 4.13 mg g
-1

 fresh leaf, 

respectively. Overall results indicated that the 

application of N increases the chlorophyll 

contentof rice, and it was progressively increased 

with the increase of the rate of N. The use of 

nitrogen immediately increased the content of 

chlorophyll and leaf surface, leading to higher 

photosynthesis (Verma et al., 2004). The findings 

of this study revealed that a suitable nitrogen rate 

may increase photosynthesis, but excess nitrogen 

was not favorable for photosynthesis. Nitrogen is 

one of the major nutrients in chlorophyll 

biosynthesis (Razaq et al., 2017). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion 

Increasing nitrogen levels caused an increase in 

plant growth and development up to a certain level 

of nitrogen application; after that, crop growth 

decreased. One of the essential factors to enhance 

N efficiency in rice cultivars is the application of 

an adequate quantity of N fertilizers. Optimum N 

application rate enhances the efficiency of N 

usage. It was found that 75 kg N ha
–1

 is an optimal 

N rate for producing a higher grain yield of T. 

Aman rice. This optimum rate is 83% of the 

current recommended rate for T. Aman rice in the 

study area. Therefore, there is a scope to reduce 

the N rate by about 17% from the Fertilizer 

Recommendation Guide (FRG-2018) recommend-

dation. Further study is suggested to validate the 

findings by including more areas and other rice 

varieties.    

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4. Effects of different rates of nitrogen application on chlorophyll content of  leaf of T. Aman 

rice (BR23) 
 

Treatments Chlorophyll-a (mg g
-1 

fresh leaf) 

Chlorophyll-b (mg g
-1 

fresh leaf) 

Total chlorophyll  

(mg g
-1

 fresh leaf) 

T1: N control 2.48
b
 0.52

b
 3.01

b
 

T2: 18 kg N ha
-1

 2.82
ab

 0.63
ab

 3.45
ab

 

T3: 36 kg N ha
-1

 2.86
ab

 0.64
ab

 3.5
ab

 

T4: 54 kg N ha
-1

 2.88
ab

 0.66
ab

 3.53
ab

 

T5: 72 kg N ha
-1

 3.08
ab

 0.69
ab

 3.77
ab

 

T6: 90 kg N ha
-1

* 3.21a
b
 0.75

a
 3.96

ab
 

T7: 108 kg N ha
-1

 3.36
a
 0.77

a
 4.13

a
 

T8: 126 kg N ha
-1

 3.27
ab

 0.77
a
 4.04

a
 

% CV 9.25 11.23 9.33 

Pr (> F) 0.0277 0.0173 0.0202 

Means with the same letter are not significantly different at the 5% level by DMRT; *indicate recommended 

rate (FRG, 2018) 
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 DCDC2 is a clinically significant protein causing a number of neurological 

disorders and, hence, is an important protein for analysis. In this study, 

multiple tools were employed to identify missense SNPs that are harmful to 

the protein itself and destabilize the interaction of this protein with tubulin 

subunits. After analyzing all 378 missense SNPs retrieved from the dbSNP 

database, thirteen were found to have harmful effects on the protein, which 

are L20P, R23L, G25W, G25R, D26E, I36N, G60E, P68S, G83R, T174I, 

L179R, R186G, V208E. Among these, four SNPs- T174I, L179R, R186G, 

and V208E were suggested to be significantly destabilizing for the 

interaction of the C-DC domain with microtubule, and three SNPs- L20P, 

D26E, and G83R for the interaction of N-DC domain with microtubule. 

Based on the total ΔΔG value, SNP R186G and L20P seem most 

destabilizing for the interaction of the C-DC and N-DC domains. These 

SNPs are found to affect the protein negatively by analysis using several 

computational tools. Genetic association and protein-protein interaction 

studies focused on these SNPs can reveal new findings about dyslexia or 

other neurodevelopmental disorders. 
 

Introduction 
 
 

DCDC2 (Doublecortin Domain Protein 2) is a 

member of the superfamily of proteins that include 

doublecortin domains (DC). This domain was 

discovered in an X-linked gene called Doublecortin 

(DCX), which is found to be associated with neural 

development (Liu et al., 2012). The protein encoded 

by this gene, Doublecortin (DCX), is crucial for brain 

growth and the formation of the layers of the cerebral 

cortex in the embryonic stage (Kim et al., 2003; 

Manka and Moores, 2020). Most of the 

understanding of doublecortin-related genes' 

molecular function (or malfunction) comes from the 

DCX protein and its aptitude for microtubule binding 

(Dijkmans et al., 2010). DCX are traditional 

microtubule (MT) associated proteins (MAPs), 

having two conserved tandems in two terminal 

domains that contribute to tubulin-binding over 

evolutionary time (Reiner et al., 2006) and is linked 

with MT stabilization, which regulates the 

cytoskeleton and is essential for neuronal migration, 

differentiation, maturation, and postmitotic neurons 

(Kim et al., 2003; Conde and Caceres, 2009). DCX 

can be divided into two functional parts: the N-

terminal 30 kDa part is the protein's microtubule 

(MT) binding portion and comprises two 

homologous, 11 kDa DC domains. DCX contributes 

to brain development by stabilizing microtubules in 

the leading process of migrating neurons and other 

neuronal processes (Horesh et al., 1999). Recently, 

electron microscopy has shown that a single DC 

DOI:https://doi.org/10.3329/jbas.v47i2.67851 
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domain binds to microtubules at the vertex of four 

tubulin subunits in the groove between 

protofilaments (Fourniol et al., 2010). 

Microtubule-associated proteins (MAPs) are 

indispensable to neurons at the embryonic stage, 

administering neuronal migration, dendrites, and 

axon development (Gleeson et al., 1998). Numerous 

studies on the effects of DCX on microtubules in 

neurons have revealed cooperative binding effects, 

modifications to MT structure, and control over 

molecular motors (Gleeson et al., 1999; Moores et 

al., 2006). Several studies reported the dysfunction of 

MT binding by mutant DCX consequences in 

inappropriate brain development and evolving 

diseases like lissencephaly, dyslexia, etc. (Moores et 

al., 2004; Gabel et al., 2011; Bechstedt and 

Brouhard, 2012).   

α/β-tubulin heterodimers that assemble into 

protofilaments (PFs) make up microtubules. 

Doublecortin preferentially induces the construction 

of 13 protofilament microtubules and binds to them 

(Tilney et al., 1973; Chaaban and Brouhard, 2017). 

The nucleation and stabilization of this physiological 

13-PF architecture are highly influenced by 

doublecortin. DCX contains N-terminal (N-DC) and 

C-terminal domain (C-DC), which have a 

considerable contribution to microtubule binding via 

PFs (Bechstedt and Brouhard, 2012; Bechstedt et al., 

2014; Burger et al., 2016). MT nucleation seems to 

be facilitated by the conformationally plastic C-DC 

module, which also appears to stabilize tubulin-

tubulin interactions while N-DC conducts MT 

stabilization (Manka and Moores, 2020). However, 

DC domain tandem is necessary for this function 

because DC domains alone do not induce MT 

polymerization (Taylor et al., 2000). Missense 

changes in the DC domains can be divided into two 

groups: those that occur at surface residues and those 

at hydrophobic residues ensconced in the heart of the 

ubiquitin fold. It is anticipated that the latter group 

will result in DCX misfolding. Bechstedt showed 

three consequences: loss of 13-PF selectivity, loss of 

cooperative contacts, and decreased microtubule 

binding are the first two kinds of biochemical defects 

in mutant DCX, while decreased turbidity assay 

performance is the third in their study (Bechstedt and 

Brouhard, 2012). Other studies reported that point 

mutation in N-DC, C-DC, and tandem alters DCX 

binding to MT or forms inappropriate fold and 

contributes to disease mechanism (Kim et al., 2003; 

Manka and Moores, 2020). Over and above deafness 

in humans was caused by a missense mutation in the 

doublecortin protein's C-terminal region (Grati et al., 

2015). 

The current study is focused on DCDC2 of 

chromosome 6, which also has DC domains like 

DCX. Having DC domains, DCDC2 should also 

interact with microtubules and probably have 

functions in neural development. Studies reported 

mutation in our targeted gene DCDC2 involved in 

renal-hepatic ciliopathy, neonatal sclerosing 

cholangitis with developmental delay, 

nephronophthisis, human recessive deafness, 

dyslexia, etc. (Gabel et al., 2011; Schueler et al., 

2015; Girard, 2016; Srivastava et al., 2018; Syryn et 

al., 2021). Polymorphism in DCDC2 was reported to 

emerge in learning disability and speech difficulty 

(Lind et al., 2010; Zhong et al., 2013; Zhang et al., 

2016).  

No X-ray crystallography structure is available for 

the DCDC2 protein under study. The predicted 

tertiary structure of the DCDC2 protein is available 

in the AlphaFold database (ID: AF-Q9UHG0-F1), 

and it shows that this protein, like DCX protein, also 

contains two DC domains: one is N-terminal (17-100 

aa) and another is C-terminal (139-222aa). Each of 

the domains should interact at the groove between 

two protofilaments. The rest of the region has no 

defined structural motif and is indicated as 

disordered. It has been stated that DC domain-

containing proteins are involved in neural 

development through their interaction with 

microtubules. It is worth mentioning that association 

studies of the DYX2 locus on 6p21.3 have already 

identified altered DCDC2 as involved in common 

neurogenetic disorder reading disability (RD) or 
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dyslexia (Meng et al., 2011). The mentioned 

association studies identified 14 missense SNPs, each 

part of either N-terminal DC or C-terminal DC 

domains. 

SNPs (Single nucleotide polymorphism), a 

molecular marker, refers to the variation or 

substitution of a single nucleotide at a specific 

position in DNA sequence among individuals 

(Vignal et al., 2002). SNPs can either be silent 

(synonymous), modify the encoded amino acids, 

or appear in non-coding areas. Missense SNPs 

result in the substitution of the wild-type amino 

acid. They are reported to be involved in the 

diversity of people, the evolution of the genome, 

and the most prevalent familial features, 

interindividual variations in drug response, as 

well as complicated and widespread illnesses like 

diabetes, obesity, hypertension, and mental health 

issues. They may have an impact on messenger 

RNA (mRNA) structure (stability), subcellular 

localization of mRNAs and/or proteins, and 

promoter activity (gene expression), and hence 

may result in illness (Shastry, 2009). 

Though polymorphisms in DCDC2 cause several 

cases of diseases, no SNP-based computational 

analysis has been conducted yet. Silico SNP 

analysis will reveal risky SNP candidates' 

functional and structural importance. As a MAP-

associated protein-coding gene, DCDC2 has a 

distinct importance as a target of the experiment. 

The study will identify the most damaging and 

disease-causing missense SNP, alteration of 

protein stability, and evolutionary conservation to 

evaluate the potential for causing disease in the 

selected candidate. Moreover, maintaining protein-

protein interactions is important for the usual 

function of the protein, and any mutation altering 

that interaction can cause disease. Accurate 

prediction of the effect of missense SNPs in 

protein binding is crucial for carrying out genome-

wide studies. Therefore, in this study, the effect of 

missense SNPs on the protein-protein interaction 

of DCDC2 has also been explored. 

Materials and Methods 

Retrieving missense SNPs 

All the required data of the human DCDC2 gene, 

such as FASTA sequence and SNP, were retrieved 

from UniProtKB (https://www.uniprot.org/) and the 

National Centre for Biological Information (NCBI) 

(https://www.ncbi.nlm.nih.gov/) respectively. For this 

study, our main concern was missense SNPs. The 

missense SNP information, including protein accession 

number, missense rsID, allele change, position, and 

residue change, was collected from the NCBI dbSNP 

database (http://www.ncbi.nlm.nih.gov/nsNSSNP/). 

Identifying the most damaging missense SNPs 

The functional effect of missense SNPs of human 

DCDC2 gene was identified using five tools, 

PolyPhen2 (http://genetics.bwh.harvard.edu/pph2/) 

(Adzhubei et al., 2010), PROVEAN 

[http://provean.jcvi.org/index.php] (Choi and Chan, 

2015), SNPnexus (https://www.nsNSSNP-

nexus.org/v4/) (Oscanoa et al., 2020), SNAP2 

(https://www.rostlab.org/servces/snap/) (Johnson et 

al., 2008), Pon-P2 (http://structure.bmc.lu.se/PON-

P2/) (Niroula et al., 2015).  

PolyPhen-2 (Polymorphism Phenotyping v2) is an 

automatic tool that predicts the impacts of a missense 

SNP based on the sequence, biological process, and 

structural information characterizing the substitution.   

PROVEAN is a tool similar to PolyPhen2, which 

predicts the impact of amino acid substitution.  

SNPnexus tool uses the major gene annotation system 

to bring out essentially yields two results: tolerated and 

deleterious for SIFT prediction, and PolyPhen-2 

prediction comes out as benign, perhaps damaging, and 

probably damaging (Oscanoa et al., 2020).   

The SNAP2 server classifies the variations as having 

an effect or being neutral and provides a confidence 

score (Johnson et al., 2008).  

PON-P2 is a pathogenic missense SNP identifier that 

groups the output into neutral, pathogenic, or 

unknown depending on the random forest probability 

score (Niroula et al., 2015).  

https://www.uniprot.org/
http://www.ncbi.nlm.nih.gov/nsNSSNP/
http://genetics.bwh.harvard.edu/pph2/
https://www.nsnssnp-nexus.org/v4/
https://www.nsnssnp-nexus.org/v4/
https://www.rostlab.org/servces/snap/
http://structure.bmc.lu.se/PON-P2/
http://structure.bmc.lu.se/PON-P2/
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In the case of PolyPhen-2, score 1 indicates the most 

damaging SNPs (http://genetics.bwh.harvard.edu/pph2/).  For 

PROVEAN and SNPnexus, deleterious SNPs are 

indicated by scores lower than -2.5 and -0.5, 

respectively (http://provean.jcvi.org/index.php, 

https://www.nsNSSNP-nexus.org/v4/). The lower the 

score from the threshold, the more deleterious the SNPs 

are. In the case of SNAP2 

(https://www.rostlab.org/servces/snap/) and PON-P2 

(http://structure.bmc.lu.se/PON-P2/), SNPs are 

identified as deleterious if their scores are higher than 0 

and 0.5 respectively. A higher score indicates more 

deleterious SNP. All the collected missense SNPs from 

dbSNP went through these five identifier tools to 

predict the most deleterious missense SNPs. SNPs, 

determined deleterious by at least four tools, were used 

for further investigation. 

Results and discussions 

Identification of disease-associated missense SNPs 

SNPs&GO (http://snps-and-go.biocomp.unibo.it/snps-

and-go/) and PMut (http://mmb.pcb.ub.es/PMut/) were 

applied to predict the association of SNPs with disease. 

The tool SNPs&GO is based on a supporting vector 

machine that classifies human disease correspondent 

single amino acid substitution with 82% accuracy, and 

results are classified into disease and neutral (Calabrese 

et al., 2009). Protein sequence, evolutionary 

information, and other information from gene ontology 

are used to predict (https://snps-and-

go.biocomp.unibo.it/snps-and-go/). PMut is also a 

classifier that discovers possible disease-associated 

missense SNPs utilizing the manually curated variation 

database SwissVar. SNPs, sorted as a disease by both 

tools, were considered significant and selected as 

final short-listed SNPs for additional studies. 

Protein evolutionary conservation analysis 

A visual image was generated where "f" denoted a 

functional residue that is highly conserved and 

exposed, and "s" denoted a predicted structural 

residue that is highly conserved and buried. Color 

gradient showed the variable region to a highly 

conserved region. From this prediction, the SNPs and 

positions were found with conservation scores as 

color intensity.   

Amino acid residues that are highly conserved are 

generally part of an important functional domain of a 

protein. ConSurf(https://consurf.tau.ac.il/), a 

Bayesian inference-based tool, was used for the 

conservation analysis of the DCDC2 protein 

sequence to detect highly conserved regions 

(Ashkenazy et al., 2010). It creates a phylogenetic 

tree based on the relationships between homologous 

sequences (Pupko et al., 2002). A conservation score 

of 1 to 4 was considered variable, a score of 5 to 6 

was considered moderate, and a score of 7 to 9 was 

considered conserved (Jia et al., 2014). 

Analysis of protein stability 

The mutation causes an increase or decrease in 

protein stability, which causes an alteration of 

protein function. Changes in the stability of the protein 

due to point mutation were computed by two software, I-

Mutant 2.0 (http://folding.biofold.org/i-mutant/i-

mutant2.0.html) and MUpro. 

I-Mutant2.0 is a tool that predicts protein stability 

changes depending on support vector machine 

(SVM) utilizing data from ProTherm. It calculates 

ΔΔG value by subtracting the wild protein's 

unfolding free energy value from the mutant protein's 

folding Gibbs free energy (Bava and Gromiha, 2004; 

Capriotti et al., 2005). MUpro also utilizes ΔΔG 

value to predict the stability change resulting from 

missense SNPs (Baldi, 2005). 

Protein-protein interaction analysis 

Based on the available experimental structures of N-

DC domain and C-DC domain of DCX protein with 

tubulin subunits (6rev, 6RF2), two homology models 

have been generated using SWISS-MODEL 

(https://swissmodel.expasy.org/). Model No. 1 

contains the N-DC domain of DCDC2 in complex 

with two monomers of tubulin alpha-1B chain and 

two monomers of tubulin beta-2B chain. Model no. 2 

contains the C-DC domain of DCDC2 in a complex 

with identical tubulin monomers. Both models are 

larger than 500 amino acids, and no available in 

silico tool can refine and analyze the protein-protein 

interaction of such large models. So, each model was 

divided into two models: Model 1a containing N-DC 

http://genetics.bwh.harvard.edu/pph2/
http://provean.jcvi.org/index.php
https://www.nsnssnp-nexus.org/v4/
https://www.rostlab.org/servces/snap/
http://structure.bmc.lu.se/PON-P2/
http://snps-and-go.biocomp.unibo.it/snps-and-go/
http://snps-and-go.biocomp.unibo.it/snps-and-go/
http://mmb.pcb.ub.es/PMut/
https://consurf.tau.ac.il/
http://folding.biofold.org/i-mutant/i-mutant2.0.html
http://folding.biofold.org/i-mutant/i-mutant2.0.html
https://swissmodel.expasy.org/
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domain of DCDC2 and two monomers of tubulin 

alpha-1B chain, Model 1b containing N-DC domain 

of DCDC2 and two monomers of tubulin beta-2B 

chain, Model 2a containing C-DC domain of DCDC2 

and two monomers of tubulin alpha-1B chain and 

Model 2b containing C-DC domain of DCDC2 and 

two monomers of tubulin beta-2B chain. These four 

models were refined with the Galaxy refine server 

(https://galaxy.seoklab.org/cgi-

bin/submit.cgi?type=REFINE). Later, the refined 

versions were analyzed with three different tools 

(MCSM-PPI2, SAMBE-3D, and Beat-Music) to 

determine each complex's binding free energy 

change (ΔΔG) due to missense SNPs. The final 

short-listed SNPs were considered for predicting 

binding energy change (ΔΔG). mCSM-PPI2 is        

a novel  machine-learning computational tool  that 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

exploits graph-based structural signatures to model 

the effects of variations on the inter-residue 

interaction network for more accurately predicting 

the effects of missense mutations on protein-protein 

interaction binding affinity (Dijkmans et al., 2010). 

SAAMBE-3D is another machine learning-based 

approach for fast and accurate protein-protein 

interaction predictions (Pahari et al., 2020). 

BeAtMuSiC is a coarse-grained predictor of the 

changes in binding free energy induced by point 

mutations. It relies on a set of statistical potentials 

derived from known protein structures and combines 

the effect of the mutation on the strength of the 

interactions at the interface and on the overall 

stability of the complex (Dehouck et al., 2013). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Short-listed 13 SNPs and scores of those SNPs in seven tools 

No SNP PolyPhen2
a 

PROVEAN
b 

SNPnexus
c 

SNAP2
d 

PON-P2
e 

SNPs&GO
f
 PMut

g
 

1 R23L 1 -5.33 0.03 83 0.758 0.619 0.83 

2 G83R 1 -6.48 0.02 62 0.805 0.674 0.77 

3 G60E 1 -4.19 0 84 0.054 0.897 0.83 

4 I36N 0.99 -5.36 0 60 0.582 0.820 0.84 

5 R186G 0.998 -4.50 0 81 0.484 0.589 0.80 

6 L179R 0.997 -4.39 0 76 0.759 0.606 0.64 

7 G25W 1 -7.12 0 90 0.656 0.803 0.89 

8 G25R 0.733 -7.08 0.02 86 0.626 0.716 0.16 

9 P68S 1 -6.06 0 48 0.679 0.625 0.87 

10 V208E 1 -5.33 0 80 0.717 0.652 0.65 

11 L20P 0.979 -3.44 0 63 0.576 0.580 0.88 

12 D26E 0.999 -3.58 0.03 72 0.481 0.512 0.86 

13 T174I 1 -4.30 0 59 0.677 0.619 0.83 

a
PolyPhen2 predicts damaging if score is less than or equal to 1, 

b
PROVEAN predicts deleterious if score is less 

than -2.5, 
c
SNPnexus predicts deleterious if score is between 0-0.05, 

d
SNAP2 predicts effect if score is greater 

than 0, 
e
PON-P2 predicts pathogenic if score is less than 0.5, 

f
SNPs&GO predicts disease if score is higher than 

0.5, 
g
PMut predicts disease if score is less than 1. 

 

 

https://galaxy.seoklab.org/cgi-bin/submit.cgi?type=REFINE
https://galaxy.seoklab.org/cgi-bin/submit.cgi?type=REFINE
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Analysis of evolutionary conserved regions 

Evolutionary conserved regions are essential in 

proteins as they are more involved in biological 

processes and mechanisms (Asthana et al., 2007). As 

a result, SNPs located in highly conserved regions 

are more prone to cause disease. ConSurf web server 

was used to examine the conserved regions of 

DCDC2 and the location of the 13 short-listed SNPs 

(Supplementary Fig. 1). All the thirteen short-listed 

SNPs were classified as conserved ones (Table. 2). It 

implies that these SNPs are part of an essential 

functional or structural domain of the protein and 

their presence may significantly affect the protein 

function and stability. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Analysis of protein stability 

Stability changes for the mutation in amino acid 

sequence was predicted by I-Mutant and MUpro 

predicted stability changes for the mutation in the 

amino acid sequence. When protein stability 

increases, it works more efficiently, but a 

decrease in stability causes the hindrance of 

protein action by degradation, misfolding, and 

aggregation (Du et al., 2005; Schoorman et al., 

2007; Platek and Singh, 2010). For both tools, 

ΔΔG value less than zero indicates a decrease in 

stability. All thirteen short-listed SNPs reduced 

the protein's stability (Table 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Analysis of and stability alteration due to short-listed 13 SNPs and conserved status of 

respective amino acid positions 

SNP 

Stability alteration Conservation analysis 

ΔΔG
#
 

(I-Mutant) 

ΔΔG
#
 

(MUpro) 

Score of each residue position
*
 

(ConSurf) 

R23L -1.26 -0.65 9 

G83R -0.91 -0.58 9 

G60E -0.14 -0.17 9 

I36N -1.29 -1.65 8 

R186G -1.06 -1.32 9 

L179R -2.49 -2.57 8 

G25W -0.49 -0.94 
9 

G25R -0.82 -1.01 

P68S -2.01 -1.51 9 

V208A -1.56 -1.92 9 

L20P -1.72 -1.37 6 

D26E -2.24 -1.26 9 

T174I -0.57 -0.17 9 
#
ΔΔG<0 indicates decreased stability 

*
ConSurf scores are given on a scale from 1-9, where 1 means variable and 9 means highly conserved. 
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Analysis of protein-protein interaction 

The DCDC2 protein (UniProt ID: Q9UHG0) 

contains two DC domains: one is N-terminal (17-100 

aa), and the other is C-terminal (139-222aa). All the 

thirteen short-listed SNPs are part of either of those 

domains. It has been mentioned previously that DC 

domains of other proteins bind 13-protofilaments of 

microtubules at grooves surrounded by four tubulin 

monomers (Manka and Moores, 2020). Homology 

modeling was used to prepare Models 1 and 2 (Fig. 

1).  

Each model was divided into two and refined, 

resulting in four 3D models of DC domains and two 

tubulin monomers. These models were used to 

analyze the effect of thirteen short-listed SNPs on 

DCDC2 and tubulin interaction. Model 1, a and 1, b 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

were used for SNPs of the N-DC domain (17-100aa), 

whereas Model 2,a and 2,b were used for SNPs of 

the C-DC domain (139-222aa) (Fig. 2). ΔΔG values 

calculated by three different tools of the considered 

SNPs are listed in Table 3 and 4. A positive value 

of ΔΔG indicates that the SNP lowers the binding 

energy of the DC domain with respective tubulin 

subunits. Among the considered six SNPs of the C-

DC domain, four showed positive ΔΔG change in 

all three tools and for models 2a and 2b. These 

SNPs have been considered significant in case of 

destabilizing the interaction of the C-DC domain of 

DCDC2 with tubulin alpha-1B dimer and beta-2B 

dimer (Table. 5). Similarly, among the seven SNPs 

of N-DC domains, three were considered as 

significant (Table. 6).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b a 

Fig. 1. a) Model 1- Complex of N-DC domain of DCDC2 with four tubulin subunits, b) Model 2- Complex of 

C-DC domain of DCDC2 with four tubulin subunits. N-DC domain, C-DC domain, tubulin alpha-1B 

subunits, and tubulin beta-2B subunits are indicated by purple, yellow, green, and blue color, respectively. 

 

a b 

c d 

Fig. 2. a) Model 1a- Complex of N-DC domain with two tubulin alpha-1B subunits, b) Model 1b- Complex of N-DC 

domain with two tubulin beta-2B subunits, c) Model 2a- Complex of C-DC domain with two tubulin alpha-1B subunits, 

d) Model 2b- Complex of C-DC domain with two tubulin beta-2B subunits. The n-DC domain, C-DC domain, tubulin 

alpha-1B subunits, and tubulin beta-2B subunits are indicated by purple, yellow, green, and blue colors, respectively. 
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Table 3. Alteration of interaction of C-DC domain with α-1B pair and β-2B pair of tubulin 13-protofilament 

                 Model 2a 

C_DCDC2_α-1B tubulin pair 

               Model 2b 

C_DCDC2_β-2B tubulin pair 

 

Wild 

type 

 

Residue 

No
b
 

 

Mutant 
ΔΔG

a
 ΔΔG

a
 

     MCSM-

PPI2 

SAAMBE-

3D 

Beat-

Music 

MCSM-

PPI2 

SAAMBE-

3D 

Beat-

Music 

P 152 A 0.106 0.22 -0.06 0.483 0.61 1.48 

T 174 I 0.462 0.16 0.56 0.056 0.05 0.13 

L 179 R 0.809 0.61 0.48 0.728 0.89 0.47 

S 181 R 0.305 0.68 0.32 -0.182 0.14 0.34 

R 186 G 1.339 0.92 1.41 0.354 0.80 0.65 

V 208 E 0.453 0.09 1.33 0.42 0.09 1.61 

a
Positive ddG value indicates decreasing binding energy 

b
SNPs that create positive ddG value in all three tools are written in bold. 

Table 4. Alteration of interaction of N-DC domain with α-1B pair and β-2B pair of tubulin13-

protofilament 

 Model 1a 

   N_DCDC2_ α-1B tubulin pair 

 Model 1b 

N_DCDC2_ β-2B tubulin pair 

Wild Residue 

No
b
 

Mutant ΔΔG
a
 ΔΔG

a
 

 MCSM-

PPI2 

SAAMBE-

3D 

Beat-

Music 

MCSM-

PPI2 

SAAMBE-

3D 

Beat-

Music 

L 20 P 0.254 1.25 0.92 0.328 1.25 1.25 

R 23 L 0.253 0.53 -0.04 0.803 0.81 -0.08 

G 25 w 0.419 -0.20 0.47 1.569 0.13 -0.38 

G 25 R 0.199 -0.20 0.48 1.101 0.69 0.85 

D 26 E 0.140 0.9 0.44 0.549 1.00 0.99 

G 60 E 1.407 0.44 2.43 -0.169 0.24 1.14 

G 83 R 0.245 0.20 0.48 0.278 0.29 0.53 

a 
positive ddG value indicates decreasing binding energy 

b
SNPs that create positive ddG value in all three tools are written in bold.  
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The DCDC2 protein contains a doublecortin (DC) 

domain. This domain was found in the doublecortin 

(DCX) protein that binds microtubules. doublecortin 

(DCX) has been shown to stabilize microtubules and 

cause bundling in both in vivo and in vitro assays. 

Doublecortin, a basic protein, has an isoelectric point 

of 10, typical of microtubule-binding proteins.  

In this in silico study, thirteen SNPs were short-listed 

after analysis with seven tools (L20P, R23L, G25W, 

G25R, D26E, I36N, G60E, P68S, G83R, T174I, 

L179R, R186G, V208E). These SNPs have not been 

reported to be associated with neurological or other 

physiological disorders before. All thirteen SNPs 

were either in N-terminal (17-100 aa) or C-terminal 

(139-222aa) DC domains. This corresponds to the 

finding that they are classified to be highly conserved 

in the ConSurf server. All thirteen SNPs have been 

found to lower the stability of the protein too. It 

indicates that these particular SNPs can compromise 

the structural integrity of the protein. As regions 

except N-DC and C-DC domains are disordered and 

no significant SNPs were found in the disordered 

regions, protein interaction analysis was focused only 

on N-DC and C-DC domains. Protein-protein 

interaction analysis revealed that four SNPs of the N-

DC domain and three SNPs of the C-DC domains 

should hamper the interaction between the DC 

domains of DCDC2 and the microtubule. Inside the 

cell, microtubule-bound DC domains have been 

reported to be at the vertex of four tubulin subunits, 

two of which are alpha-1B monomers and the other 

two are beta-2B monomers (6rev, 6RF2) (Manka and 

Moores, 2020). The simultaneous interaction of the 

DC domain with four different subunits makes it 

very complicated to perform molecular docking 

analysis. Recently, the SWISS-MODEL server has 

extended its functionality to the modeling of homo- 

and heteromeric complexes (Waterhouse et al., 

2018). It is based on the fact that, like homology 

modeling of monomeric proteins, the information of 

a protein's quaternary structure can be transferred to 

another model of homologous protein complex 

through homology (Szilagyi and Zhang, 2014). So, to 

avoid the problem with molecular docking, 

homology modeling via SWISS-MODEL was 

utilized to construct the structure of a single DC 

domain bound to two monomers of tubulin alpha 

chain and two monomers of tubulin beta chain 

simultaneously. Only one homology domain was 

generated for each of the DC domains. To improve 

the quality, the structures needed refinement, but the 

3D structure of the complex is enormous and 

unsuitable for computational analysis. So, each of the 

complexes was divided into two structures; one has a 

DC domain with two monomers of tubulin alpha 

chain, and another has a DC domain with two 

monomers of tubulin beta chain. As homology 

modeling outputs are devoid of water molecules and 

contain H-atoms, these models were directly 

submitted to interaction analysis software. 

 ΔΔG values of model 2,a indicate the binding 

energy change of C-DC with alpha-1B dimer, and 

model 2,b indicates that of beta-2B dimer. So, for 

each SNP, the summation of the average ΔΔG values 

of both models can suggest the total binging energy 

change of the C-DC domain with four tubulin 

subunits. Table 5 shows that SNP R186G can be 

considered most destabilizing for interaction as it has 

the highest positive total ΔΔG value. Similarly, the 

summation of the average ΔΔG values of models 1,a 

and 1,b from Table 5 indicates the total binding 

energy change of the N-DC domain with four tubulin 

subunits. Among the three SNPs considered 

significant in altering the N-DC domain and tubulin 

interaction, L20P SNP can be considered as having 

the most destabilizing effect on the interaction of the 

N-DC domain, with four tubulin subunits for having 

the largest total positive ΔΔG value (Table 6). 

Positions of these SNPs in the tertiary structure of C-

DC domain and N-DC domain are shown in Fig. 3. 
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Table 5. Order of missense SNPs of C-DC domain based on ΔΔG value 

SNP Average ΔΔG of C-DC 

with α-1B pair
#
 

Average ΔΔG of C-DC 

with β-2B pair
*
 

Sum of ΔΔG of C-

DC domain
$
 

Significance 

R186G 1.223 0.601 1.824  

V208E 0.624 0.706 1.33 

L179R 0.633 0.696 1.33 

T174I 0.394 0.078 0.472 

#
ΔΔG values indicating interaction alteration of C-DC domain with α-1B sub-unit pair 

*
ΔΔG values indicating interaction alteration of C-DC domain with β-2B sub-unit pair 

$
Total ΔΔG values indicating interaction alteration of C-DC domain with both α-1B pair and β-2B pair 

 

 

 

 

 

 

 

 

 

 

 

 

# ΔΔG values indicating interaction alteration of C-DC domain with α-1B sub-unit pair 

* ΔΔG values indicating interaction alteration of C-DC domain with β-2B sub-unit pair 

$ total ΔΔG values indicating interaction alteration of C-DC domain with both α-1B pair and β-2B pair 

Table 6. Order of missense SNPs of N-DC domain based on ΔΔG value 

SNP Average ΔΔG of N-DC 

with α-1B pair
#
 

Average ΔΔG of N-DC 

with β-2B pair* 

Sum of ΔΔG of N-

DC domain
$
 

Significance 

L20P 0.808 0.942 1.75  

D26E 0.493 0.846 1.34 

G83R 0.308 0.366 0.674 

#
ΔΔG values indicating interaction alteration of N-DC domain with α-1B subunit pair 

*ΔΔG values indicating interaction alteration of N-DC domain with β-2B subunit pair 
$
Total ΔΔG values indicating interaction alteration of N-DC domain with both α-1B pair and β-2B pair 

 

 

 

 

 

 

# ΔΔG values indicating interaction alteration of C-DC domain with α-1B sub-unit pair 

* ΔΔG values indicating interaction alteration of C-DC domain with β-2B sub-unit pair 

$ total ΔΔG values indicating interaction alteration of C-DC domain with both α-1B pair and β-2B pair 

b a 

Fig. 3. a) C-DC domain structure with significant SNPs' amino positions. b) N-DC domain with amino 

positions of significant SNPs. Helices are red, beta sheets are cyan, turns are green, and coils are white. 

Residues written in yellow are significant for microtubule interaction. 
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Conclusion 

Being implicated in several neurological disorders 

makes DCDC2 an important protein for analysis. 

This study utilized multiple tools to identify missense 

SNPs that are deleterious to the protein itself and 

destabilizing to the interaction of this protein with 

tubulin subunits. Thirteen SNPs were found to have 

deleterious effects on the protein, which are L20P, 

R23L, G25W, G25R, D26E, I36N, G60E, P68S, 

G83R, T174I, L179R, R186G, V208E. All are part of 

either the N-DC domain or C-DC domain. No SNP 

of the disordered region was found to be deleterious. 

Among these, four SNPs, T174I, L179R, R186G, 

and V208E, were suggested to be significantly 

destabilizing for the interaction of the C-DC domain 

with microtubule, and three SNPs- L20P, D26E, and 

G83R were suggested to be significantly 

destabilizing for the interaction of N-DC domain 

with microtubule. Based on the total ΔΔG value, 

SNP R186G and L20P seem most destabilizing for 

the interaction of the C-DC and N-DC domains. 

These SNPs have been identified for negatively 

affecting the protein in several types of analysis 

performed via tools of different algorithms. As in-

vitro studies are yet to be performed on these SNPs, 

this study proposes a few potential deleterious SNPs 

worth looking into. Genetic association and protein-

protein interaction studies focused on these SNPs can 

reveal new findings about dyslexia or other 

neurodevelopmental disorders. 
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 Catalytic pyrolysis of waste HDPE and LDPE polyethylene was 

successfully carried out using a silica-alumina catalyst at 450 °C under N2 

atmosphere. The synthesized silica-alumina is mesoporous and shows type 

IV isotherm. Thermal pyrolysis (without any catalyst) provided 47% wax-

like hydrocarbons at 485 °C. On the other hand, more than 80% liquid 

yield was achieved using silica-alumina catalysts from waste HDPE and 

LDPE. The highest liquid yield was obtained from LDPE (87.69%) than 

HDPE (83.25%) at a catalyst-to-plastic ratio of 1:25. The 
1
H NMR shows 

that the liquid product does not contain any aromatic compound. The GC-

MS, 
1
H NMR, and FTIR confirmed that the liquid contains linear and 

branched alkanes and alkenes. 
 

Introduction 
 
 

Plastics are extensively used in our day-to-day life. 

For this reason, a significant amount of plastic waste 

is generated globally (Rahman et al., 2022). In 2018, 

360 million metric tons of plastics were produced 

(Yang et al., 2022; Fu et al., 2023). About 6300 

million metric tons of plastic waste have been 

generated globally from 1950 to 2015 (Geyer et al., 

2017; Fu et al., 2023). Only 9% of these plastic 

wastes are recycled, 12% are incinerated, and the 

remaining 79% are disposed of in landfills (Geyer et 

al., 2017; Fu et al., 2023). As a developed country, 

the USA generated around 35.4 million tons of 

plastics in 2017 (Rahman et al., 2022). The USA 

recycled only 8.4% of plastics, incinerated 16%, and 

the remaining 40% was landfilled (Rahman et al., 

2022). Thus, plastic waste is causing significant 

environmental pollution.  

Plastic wastes can be converted to liquid fuel using 

suitable catalysts. Catalytic pyrolysis occurs at low 

temperatures and takes a shorter time than thermal 

pyrolysis 

 (without using any catalysts). Over the years, 

numerous catalysts have been developed for 

obtaining better gasoline selectivity and converting 

waste plastics to liquid fuel. Catalysts developed so far 

for the degradation of polyolefins are mostly based on 

zeolite HZSM-5 (Aguado et al., 1997;Lin et al., 2004; 

López et al., 2011; Sivagami et al., 2022), Zeolite- 

Y(Manos et al., 2001; Shoaib et al., 2021), silica-

alumina (SiO2-Al2O3) (Aguado et al., 1997; Uddin et 

al., 1997), mesoporousaluminosilicate (MCM-41) 

(Aguado et al., 1997; Lin et al., 2004), FCC catalysts 

and clays (Manos et al., 2001; Rahman et al., 2022). 

The catalytic activity of polyolefin degradation 

increases with increasing number of acid sites. 

However, a highly acid catalyst will provide more 

gaseous products than liquid. For example, HZSM-5 

zeolite, which is highly acidic, mostly gives gaseous 

hydrocarbon (C2-C4, 50% of the product) (Aguado et 

al., 1997). On the other hand, catalysts with medium 

acid sites (SiO2-Al2O3, MCM-41) result in gasoline 
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(C5-C12) and middle distillates (C13-C22) (Aguadoet 

al., 1997). Aguado et al. (1997) pyrolyzed model 

virgin HDPE and LDPE pellets obtained from 

REPSOL by ZSM-5, MCM-41, and SiO2-Al2O3 

catalysts. They found that ZSM-5 catalysts provided 

a significant amount of gaseous hydrocarbons (C2-

C4) (50% is gaseous product), whereas MCM-41 and 

amorphous SiO2-Al2O3 catalysts provided mostly 

liquid products with boiling points in the range of 

gasoline (C5-C12) and middle distillates (C13-C22). 

Zeolites are microporousaluminosilicates and are 

used as catalysts and adsorbents. Serrano et 

al.(2002)used nano-crystalline ZSM-5 zeolite for 

pyrolysis of HDPE and LDPE and found that 100% 

of the gaseous hydrocarbons (C1-C5) are produced at 

a temperature of 340 °C. The nano-crystalline ZSM-

5 zeolite is found to be more active than ZSM-5 in 

producing gaseous products.  

Lin et al. (2004). pyrolyzed HDPE (MW 75, 000) 

using MCM-41, ZSM-5, and a mixture of MCM-

41/ZSM-5. They found that the HZSM-5 catalyst 

produced higher amounts of gaseous hydrocarbon 

than MCM-41 and a mixture of MCM-41/ZSM-5. 

For example, pyrolysis of HDPE by MCM-41catalyst 

provided 87.88% gaseous hydrocarbon and 3.04% 

liquid product. The ZSM-5 catalyst provided 94.21% 

gaseous products and only 1.26% liquid. The 

combination of ZSM-5/MCM-41 catalyst provided 

less gaseous product (91.45% gaseous product and 

3.58% liquid) than only using ZSM-5 (Lin et al., 

2004). 

Shoaib et al. (2021) pyrolyzed HDPE and LDPE using 

zeolite Y and found that pyrolysis of both  HDPE and 

LDPE provided 71% liquid at 450 C at a catalyst-to-

plastic ratio of 1:5. 

Manos et al. (2001) used clay and ultrastable Y 

zeolite to crack HDPE and found that clay catalysts 

can provide higher amounts of liquid than Y zeolite. 

The clay catalyst provided 68% liquid, whereas 

ultrastable Y zeolite provided 44% (Manos et al., 

2001). The milder acidity of clays is believed to 

provide a higher amount of liquid. The strong acidity 

of ultrastable Y zeolite promotes cracking, leading to 

the formation of more gaseous products.  

Achilias et al. (2007) investigated the pyrolysis of 

polyethylene (LDPE and HDPE) and polypropylene 

(PP) in a laboratory fixed-bed reactor with an FCC 

catalyst. They found that pyrolysis of the plastic bag 

made from LDPE leads to mainly gasoline region 

C7–C12 hydrocarbons. A series of hydrocarbons 

(alkanes and alkenes) are present in the liquid 

product. 

Traditionally, zeolite catalysts provide less liquid 

products and more gaseous hydrocarbons in plastic 

pyrolysis due to the acidity of the catalysts. 

However, mesoporous silica-alumina catalysts have a 

higher acidity than zeolite catalysts. This study aims 

to understand the effect of less acidic mesoporous 

silica-alumina (SiO2-Al2O3) catalysts on real-life 

single-used waste HDPE and LDPE plastic pyrolysis.  

Experimental 

Materials and Methods 

Tetraethyl orthosilicate, aluminum isopropoxide, 

HCl, isopropyl alcohol, and aqueous ammonia were 

purchased from Sigma Aldrich, Germany. Waste 

HDPE (bottles) and LDPE (polyethylene bags) were 

collected from Dhaka city. The melting points of 

HDPE and LDPE are 126 °C and 110 °C, 

respectively. The carbon and hydrogen content of 

HDPE are 66.10 wt% and 26.93 wt%. The carbon 

and hydrogen content of LDPE are 77.72 wt% and 

21.67 wt%. 

Synthesis of silica-alumina (Aguadoet al., 1997) 

The amorphous silica-alumina was prepared by the 

sol-gel route following a two-step method. In the 

first one, 16 g of tetraethyl orthosilicate was 

hydrolyzed with 10 g of 0.2 M aqueous HCl at 

room temperature for 45 min. Once the initially 

two-phase system became monophasic, a solution 

containing 0.523 g of aluminum isopropoxide in 7 

g of isopropyl alcohol was added, and the mixture 

was stirred for 10 min to complete the hydrolysis 

of the Si and Al alkoxides. In the second step, the 

gel point was reached by drop-wise addition of 21 
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wt% aqueous ammonia solution. The cogel 

obtained was dried at 110 °C overnight and 

activated by calcination at 550 °C for 14 h. 

Characterization of catalysts  

The scanning electron microscopy (SEM-EDX) 

images were recorded on a JEOL-SEM, VERSION 3, 

7600F, equipped with an energy-dispersive X-ray 

spectrometry detector at 5 kV. The BET-specific 

surface area and pore volume were determined by 

measuring nitrogen adsorption-desorption isotherms at 

liquid N2 temperature (-196 °C) with a BELSORP 

MINI-11 (BEL Japan) apparatus. Belsorp 

Adsorption/Desorption Data Analysis Software-Ver. 

6.1.0.8 was used to analyze and evaluate BET surface 

area and pore size distribution. Before each 

measurement, the samples were pretreated at 165 °C 

for 1.5 h under N2 gas flow.  

Characterization of liquid products  

GC-MS, FTIR, and 
1
H NMR spectroscopy analyzed 

the liquid products. For FTIR analysis, the Shimadzu 

8400S, Japan, with KBr (heated at 100 ° C for 1 day 

before analysis) pellets in the 400-4000 cm
-1

 range 

were used. The Shimadzu GC-MS-TQ8040 with a 

quadrupole mass analyzer for GC-MS/MS analysis 

and electron impact ionization technique for MS 

detection (full scan mode 50-550 m/z) were used. A 

liquid sample of 0.5 µL was injected in splitless mode 

(flow rate of 1 mL/min and run time of 30 min) 

capillary column Rxi-5ms of 30 m length ×  0.25 mm 

id at 250 ° C. The oven temperature was set to 50 ° C 

for 1 min and increased to 150 ° C at the rate of 5 

° C/min and then to 300 ° C at 15 ° C/min. Different 

compounds were identified using the computer-

assisted mass spectral search by NIST-MS Library 

2009. The
1
H NMR of liquid products was conducted 

by the Bruker model (AVANCE III HD, 400 MHz).  

Pyrolysis of waste high-density polyethylene 

(HDPE) and low-density polyethylene (LDPE) 

The pyrolysis of waste HDPE and LDPE was 

investigated in a locally developed stainless steel 

reactor with a dimension of length, internal diameter, 

and outer diameter of 100, 75, and 77 mm, 

respectively (Fig. 1). The reactor consists of an 

electric furnace, thermocouple, temperature 

controller, condenser, and liquid collection vessel. 

50.0 g of HDPE or LDPE were taken in each 

pyrolysis. In each catalytic pyrolysis experiment, a 

mixture of silica-alumina catalyst and HDPE or 

LDPE plastic (catalyst to plastics ratio 1:10, 1:15, 

and 1:25) was taken in the reactor and heated up to 

450 °C under a nitrogen atmosphere. The reaction 

mixture was stirred by a mechanical stirrer. The 

condensable liquid products were collected through 

the condenser and weighed. The duration of each 

experiment was 30 min. Some coke was deposited on 

the catalysts after the completion of each catalytic 

reaction. Hence, each catalyst was used only once.  

 

 

 

 

 

 

 

 

 

 
Fig. 1. Reactor setup for plastic pyrolysis 

 

Results and discussion 

The silica-alumina scanning electron micrograph 

(SEM) (Fig. 2) shows the morphological features. The 

micrographs indicate the disaggregation of the 

particles. The particle size is a few nanometers that are 

almost the same size. Fig. 3 displays an EDX 

spectrum for silica-alumina catalyst, and Table 1 

shows silicon and oxygen are the most common 

elements making up the catalysts, with aluminum 

also being prevalent. The silica-alumina contained 

silicon and oxygen in SiO4 tetrahedra, with a meager 

amount of aluminum. The Si/Al ratio of the silica-

alumina is 98.5. 
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Fig. 2. SEM of silica-alumina (a) 10,000,             

(b) 30,000, and (c) 50,000 magnification. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. EDX of silica-alumina 
 

Table 1. Average weight % and atom % of each 

element in the catalyst sample 

 

 

 

 

The N2 adsorption-desorption isotherms of the silica- 

alumina are shown in Fig. 4. The isotherms of these 

samples are classified as type IV based on IUPAC 

recommendations; this isotherm type is typical of 

mesoporous structures. The hysteresis loop of these 

samples is similar to type H3, typical of 

agglomerates of plate-like particles containing slit-

shaped pores (Temuujin et al., 2001; Thommes, 

2010). The isotherms also suggest the presence of 

some micro and macroporosity. 

 

 

 

 

 

 
 

 
Fig. 4. N2 adsorption/desorption isotherm of 

silica-alumina. 

 

 N O Na Al Si Zr Si/Al 

Atom% 4.51 31.71 0.60 0.63 62.06 0.49 98.5 

Mass% 2.64 21.23 0.58 0.71 72.96 1.88  
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The BJH pore size distribution is given in Fig. 5, and 

pore volume and BET surface area are summarized 

in Table 2. It has been found that the BET surface 

area is 141.51 , the mean pore diameter is 

12.865 nm, and the total pore volume is 

0.4551   which is a typical 

feature of the uniform mesoporosity of this catalyst. 

 

 

 

 

 

 

 

 

Fig. 5. BJH pore size distribution plot of silica-alumina 
 

The amorphous SiO2-Al2O3 exhibits a wide 

distribution of pore sizes. This material presents 

pores with sizes in the whole range between 1.3 and 

40 nm, with two maxima around 4 and 9 nm, 

denoting the irregularity of its pore structure. 
 

Catalytic pyrolysis of waste LDPE and HDPE 

using silica-alumina 

As a control experiment, without any catalyst, 

the thermal pyrolysis of 50 g polyethylene 

provided 47% wax-like hydrocarbons at 485 

°C. The wax was solidified at room 

temperature. In order to understand the effect 

of silica-alumina catalyst on pyrolysis ofboth 

single-used waste high-density polyethylene 

(HDPE) and  low-density  polyethylene (LDPE), 

 

 

 

 

 

 

 

 

 

we have carried out polyethylene pyrolysis at 450 °C 

inthe batch reactor under nitrogen atmosphere at 

various catalyst/plastic ratios of 1:10, 1:15 and 1:25. 

The gaseous hydrocarbon was vented off after 

pyrolysis and a small amount of coke was 

depositedonto the catalyst after pyrolysis. Hence, each 

catalyst was useda single time only. The durationof 

each experiment was 30 min. Table 3 summarizes the 

results obtained in the catalytic cracking of HDPE and 

LDPE over the silica-alumina catalyst. 
 

Table 3. Pyrolysis of waste LDPE and HDPE 

using a silica-alumina catalyst. (450 °C, 30 min). 

 

 

 

 

 

 

 

 

 

 

Table 3 shows that pyrolysis of LDPE at a catalyst-to-

plastic ratio of 1:10 provided 70.56% liquid. An 

increased trend of liquid yield is observed with an 

increase in plastic ratio. For example, liquid yield 

increased from 79.34% to 87.69%, with the catalyst-

to-plastic ratio increasing from 1:15 to 1:25 

respectively. The liquid yield was higher in the 

pyrolysis of LDPE than HDPE. Similar to LDPE, an 

increased trend of liquid yield was observed with 

pyrolysis of HDPE. The pyrolysis of HDPE at a 

catalyst-to-plastic ratio of 1:10 provided 64.45% 

Table 2. Properties of  catalyst 

Si/Al BET BJH 

  

 

T. Pore 

Vol.  

Pore 

Dia.[nm] 
 

 

Peak 

area[nm] 
 

 

 

 

98.5 1.4151E+02 0.4551 12.865 0.4832 4.03 181.95 

BET= Brunauer-Emmett-Teller; BJH=Barrett-Joyner-Halenda 

Catalyst Plastics 
Catalyst/Plastic 

ratio 

Yield of 

liquid % 

Silica-

alumina 

 1:10 70.56 

LDPE 1:15 79.34 

 1:25 87.69 

Silica-

alumina 

 1:10 64.45 

HDPE 1:15 75.67 

 1:25 83.25 
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liquid, which increased to 83.25% with the catalyst 

toplastic ratio of 1:25. Aguado et al., 1997 also found 

thatamorphous silica-alumina catalyst effectively 

produces liquid hydrocarbon from the pyrolysis of 

LDPE and HDPE. They pyrolyzed model virgin 

LDPE and HDPE pellets and obtained liquid 

hydrocarbons. The Si/Al of the catalyst was 35.6, 

and catalyst to plastic ratio was 1:36. Whereas, 

using ZSM-5 catalysts, they got 50% gaseous 

product from pyrolysis of both HDPE and LDPE 

(Aguado et al., 1997). Uddin et al. (1997) 

investigated the pyrolysis of HDPE and LDPE 

polyethylene using a silica-alumina catalyst. They 

achieved 80.2% liquid from LDPE and 77.4% 

from HDPE at 430 °C. FTIR, NMR, and GC-MS 

characterized the liquid product. 
 

The FTIR spectrum of liquid obtained from 

pyrolysis of LDPE (Fig. 6) shows that the liquid 

contains linear alkanes and branched alkanes and 

alkenes. The observed peaks were assigned as 

follows: 2956 cm
-1

 C-H stretching of alkane; 

1651cm
-1

 C=C stretching of alkene; 1458 cm
-1

 

˃CH2 scissoring; 970 cm
-1

 C-H bending of 

alkane; 889 and 738 cm
-1

 C-H rocking from 

alkane. A similar FTIR spectrum was found in the 

liquid from pyrolysis of HDPE. 

 

 

 

 

 

 

 

Fig. 6. FTIR spectrum of liquid obtained from 

pyrolysis of LDPE. 

The 
1
H NMR of liquid obtained from pyrolysis of 

LDPE (Fig. 7) shows peaks only in the range of 1-

1.9ppm, which correspond to alkyl (methyl) and 

alkylene (methylene) protons originating from alkane 

compounds. A similar 
1
H NMR spectrum was found 

in liquid from pyrolysis of HDPE. 

 

 

 

 

 

 

 
 

Fig. 7. The 
1
H NMR of liquid obtained from 

pyrolysis of LDPE. 

The GC-MS of the liquid was carried out to 

understand the composition of the liquid product. 

Compounds were identified using the computer-

assisted mass spectral search by NIST-MS Library 

2009.The GC-MS of liquid obtained fromLDPE and 

HDPE (Tables 4 and 5) shows that the liquid 

contains mostly n-pentane, 2-methyl-2-pentene, 3-

methyl-2-pentene, 2,4-dimethyl-1-pentene, 2,3-

dimethyl-2-heptene, 2,2-dimethyl-3-heptene. 

Conclusions 

Catalytic pyrolysis of waste HDPE and LDPE was 

successfully carried out at 450 °C under N2 

atmosphere. The surface area of the silica-alumina 

catalyst is 141.51m
2
g

-1
, and the mean pore diameter 

is 12.865 nm. The synthesized silica-alumina is 

mesoporous and shows type IV isotherm. The 

hysteresis loop of the silica-alumina is type H3. 

More than 80% liquid yield was achieved using a 

silica-alumina catalyst. The highest liquid yield was 

obtained from LDPE (87.69%) than HDPE 

(83.25%) at a catalyst-plastic ratio of 1:25. The GC-

MS and FTIR show that liquid product contains 

linear and branched alkanes and alkenes. The 
1
H 

NMR shows that the liquid contains no 

carcinogenic compound like benzene. 
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Table 4. GC-MS of liquid obtained from waste LDPE by silica-alumina catalyst at 450 °C 

Retention time 

(min.) 

Compound Chemical 

formula 

Retention time 

(min.) 

Compound Chemical 

formula 

1.550 2-methyl-  Propene, C4H8 5.106 2,3-Dimethyl-3-hexene  

1.721 n-Pentane  5.197 2,3,3-Trimethyl-1,4-pentadiene  

1.7753 cis-2-Pentene  5.272 3-Ethyl-2-hexene  

1.785 2-Methyl-2-butene  5.363 2-Methyl-2-heptene  

1.924 cis-3-Methyl 

-2-pentene 
 5.583 1,3-Dimethyl-1-cyclohexene C8H14 

1.967 2-Methylpentane  5.652 3,3, 5-Trimethyl-1-hexene  

2.085 2-Methyl-1-pentene  5.978 2,3,5-Trimethylhexane  

2.154 3-Methyl-2-pentene  6.369 2,3-Dimethyl-2-heptene  

2.202 2-Methyl-2-pentene  6.476 Cyclohexane  

2.298 cis-3-Methyl 

-2-pentene 
 6.690 cis-2-Nonene  

2.389 2,3-Dimethyl-2-butene  6.823 trans-2,2-Dimethyl-3-heptene  

2.438 1,3-Pentadiene  6.930 trans-3-Nonene  

2.475 1,4-Hexadiene  7.053 4-Ethyl-3-hep tene  

2.518 2,4-Dimethyl-1-

pentene 
 7.171 1,2,4-trimethylcyclohexane  

2.593 3,4-Dimethyl-2-

pentene 
 7.267 6-methyl-1-octene  

2.646 2,3-Dimethyl-1-

pentene 
 7.417 2,3-Dimethyl-3-heptene  

2.721 cis-4-Methyl-2-hexene  7.604 2,6-Dimethyl-3-heptene  

2.978 2-Methyl-1-hexene  7.920 5-Undecene  
3.208 cis-3-Methyl-3 

-Hexene 
 8.984 3-Methyl-4-undecene  

3.325 cis-3-Methyl-2 

-Hexene 
 10.541 2,4,6-Trimethyl-3-heptene  

3.290 2,3-Dimethyl-2-

pentene 
 11.049 cis-3-Decene  

3.951 2,3-Dimethyl-2-

hexene 
 11.733 cis-4-Decene  

4.080 2-Methyl-1-heptene  12.825 2,6-Dimethyl-2-octene  
4.149 3-Methyl-3-heptene  13.846 cis-5-Undecene  

4.224 4-Methyl-2-heptene  14.402 2,3,6-Trimethyl-4-octene  
4.336 2,5-Dimethyl-2-

hexene 
 15.253 2,6-Dimethylnonane  

4.411 4-Methylheptane  15.515 4-Methyl decane  

4.572 cis-2-Octene  18.863 2,4-Dimethyl-2-decene  

4.652 3-Methyl-1,4-

heptadiene 
 19.788 1-Dodecene  

4.743 2,4-Dimethyl-1,3-

pentadiene 
 4.919 2,5-Dimethyl-2-hexene  
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Table 5. GC-MS of liquid obtained from waste HDPE by silica-alumnia catalyst at 450 °C 

Retention 

time (min.) 

Composition Chemical 

formula 

Retention time 

(min.) 

Composition Chemical 

formula 

1.550 2-methyl-  Propene, C4H8 5.053 3-Methyl-3-heptene 
 

1.721 n-Pentane 
 

5.106 4-Methyl-3-heptene 
 

1.753 2-Methyl-1-butene 
 

5.197 5,5-Dimethyl-1,3-hexadiene 
 

1.790 2-Methyl-1-butene 
 

5.272 cis-4-Octene 
 

1.924 1-Hexene 
 

5.363 2-Methyl-2-heptene 
 

1.972 2-Methyl-2-pentene 
 

5.583 1,3-Dimethyl-1-cyclohexene 
 

2.085 2-Methyl-1-pentene 
 

5.657 3,3,5-Trimethyl-1-hexene 
 

2.202 2,3-Dimethyl-2-butene 
 

5.738 2,6-Dimethyl-3-heptene 
 

2.256 cis-2-Hexene 
 

5.978 2,3,3-Trimethylhexane 
 

2.304 3-Methyl-2-pentene 
 

6.363 2,3-Dimethyl-3-heptene 
 

2.389 4-Methyl-trans-2-pentene 
 

6.465 n-Propylcyclohexane 
 

2.438 4-Methyl-1,3-pentadiene 
 

6.690 2,4-Dimethyl-1-heptene 
 

2.475 1,3-Hexadiene 
 

6.823 4-Ethyl-3-heptene 
 

2.518 2,4-Dimethyl-1-pentene 
 

6.930 cis-3-Nonene 
 

2.593 3,4-Dimethyl-2-pentene 
 

7.048 trans-3-Nonene 
 

2.651 3-Methyl-trans-3-hexene 
 

7.171 1,2,4-trimethylcyclohexane 
 

2.721 4-Methyl-2-hexene 
 

7.267 5-Methyl-1-heptane 
 

2.892 5-Methyl-2-hexene 
 

7.604 2,6-Dimethyl-2-heptene 
 

2.983 2-Methyl-1-Hexene 
 

7.920 2-Nonene 
 

3.101 3-Methyl-2-Hexene 
 

8.198 4-Nonene 
 

3.149 cis-3-Heptene 
 

8.984 
1,2,3-trimethyl-

Cyclohexane  

3.208 2-Methyl-2-hexene 
 

9.097 2,3-Dimethyl-2-heptene 
 

3.325 3-Methyl-3-hexene 
 

9.166 2-Methyl-2-octene 
 

3.390 3,4-Dimethyl-2-pentene 
 

10.541 2,4,6-Trimethyl-3-heptene 
 

3.834 
3-Ethyl-4-methyl-2-

pentene  

11.054 cis-4-Decene 
 

3.957 2,3-Dimethyl-2-hexene 
 

11.193 3-Ethyl-2-methyl-2-heptene 
 

4.021 3, 5-Dimethyl-2-hexene 
 

11.536 trans-5-Decene 
 

4.085 2,5-Dimethyl-1-hexene 
 

11.701 trans-3-Decene 
 

4.154 3-Methyl-3-heptene 
 

12.054 2,6-Dimethyl-4-octene 
 

4.224 4-Methyl-2-heptene 
 

12.825 2,6-Dimethyl-2-octene 
 

4.277 cis-3-Octene 
 

13.242 cis-3-Decene 
 

4.336 2,5-Dimethyl-2-hexene 
 

14.119 Trans-2-Decene 
 

4.411 4-Methyl heptane 
 

15.515 2,4,4-Trimethyl-1-hexene 
 

4.577 3-Methyl-3-heptene 
 

18.687 2,4-Dimethyl-2-decene 
 

4.652 5-Methyl-2-heptene 
 

18.869 2,3, 7-Trimethyl-2-octene 
 

4.732 2-Methyl-2,4-hexadiene 
 

19.783 8-Methyl-3 undecene 
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 Lymphedema–distichiasis syndrome (LD, OMIM 153400) is hereditary primary 

lymphedema with autosomal dominant nature of inheritance and variable 

expression. LD is characterized by late childhood or pubertal onset of lower limb 

lymphedema and an aberrant second row of eyelashes (distichiasis) arising from 

the meibomian glands. Among the molecular reasons behind this condition are 

the mutations in the FOXC2 gene, a forkhead transcription factor, that plays a 

role in the formation of lymphatic and vascular systems. In this study, we report 

the first case of LD from Bangladesh with classical lymphedema–distichiasis 

syndrome with an eight-base-pair deletion in the FOXC2 gene. ClinVar 

accession code for this deletion is RCV000007679.3. FOXC2 protein is 501 

amino acids long. This deletion of 8 bp (ACGCCGCC) causes frameshift of 

codons after amino acid number 304. The frameshift creates an altered truncated 

protein with 154 new amino acids after codon 304.  We assume that these 

changes in the protein may affect its function contributing to the disease 

manifestations. Further research may confirm these assumptions. 
 

Introduction 
 
 

Lymphedema-distichiasis syndrome (LD) [MIM 

153400]) is a form of hereditary lymphedema in 

which lymphedema, primarily of the limbs, with 

variable age at onset, is seen together with 

distichiasis, or double rows of eyelashes. The extra 

eyelashes grow from the meibomian glands and may 

protrude into the cornea, producing severe corneal 

abrasions. Various additional complications such as 

cleft palate, cardiac defects, abnormal curvature of 

the spine, droopy eyelids, etc (Szuba and Rockson, 

1998) have also been observed. 

The disease has been mapped to 16q24.3 (Mangion 

et al., 1999) where the forkhead/winged-helix 

transcription factor FOXC2 is located. Studies 

showed that dominant mutations in the FOXC2 gene 

(MIM602402), cause lymphedema with variable age 

of onset (range: 7-40 years), often associated with 

distichiasis (Fang et al., 2000). Key roles of FOXC2 

include regulating differentiation of lymphatic 

endothelial cells, formation of smooth muscle cell 

layers, and morphogenesis of lymphatic valves. 

Along with VEGFR-3, FOXC2 acts to establish 

distinct features of the lymphatic vascular 

architecture (Sabine and Petrova, 2014). 

In both humans and mice, FOXC2 is highly 

expressed in the developing lymphatic vessels, as 

well as in the adult lymphatic valves (Kriederman et 

al., 2003). Its critical role in lymphatic vascular 

development has been discovered by the 

manifestation of abnormal lymphatic patterning and 

the absence of proper lymphatic valves in Foxc2-

deficient mice. LD patients develop similar defects 

characterized by lymph and venous reflux, indicating 

failure or absence of lymphatic and venous valves 

(Mellor et al., 2007). 

DOI:https://doi.org/10.3329/jbas.v47i2.65134 

 
J. Bangladesh Acad. Sci. 47(2); 205-213: December  2023 

 

Journal of Bangladesh Academy of Sciences 
 
 

 

Journal homepage: http://www.bas.org.bd/publications/jbas.html 

*Corresponding author:<miayub@du.ac.bd>
  

1Department of Genetic Engineering and Biotechnology, Jagannath University, Dhaka, Bangladesh 
2
Department of Medicine Sir Salimullah Medical College Mitford Hospital, Dhaka, Bangladesh 

3
Department of Biochemistry & Molecular Biology, Directorate General of Health Services, Dhaka, Bangladesh  

 



  
Parvez et al./J. Bangladesh Acad. Sci. 47(2); 205-213: December 2023                    

 

206 

 

FOXC2 is transcribed to a 2.2 kb transcript containing 

a 1.5 kb single exon coding region. The FOXC2 

protein contains 501 amino acids. The most 

characterized region in the gene (Fig. 1) is the fork-

head DNA binding domain (FHD, amino acids 71 to 

162). It also contains a nuclear localization signal 

(NLS1, amino acids 78-93). At the N-terminal, there is 

a transactivation domain 1 (AD-1) starting from the 

first amino acid until the FHD (amino acid 71). In the 

C-terminal, a second transactivation domain (AD-2, 

amino acids 395-494) and an inhibitory region (ID-2, 

amino acids 495-501) have been identified (Lam et al., 

2013). In the central region of FOXC2 protein, after 

the nuclear localization signal 2 (NLS2, amino acids 

168-176), some phosphorylation and SUMOylation 

conserved sites have been recently identified (Danciu 

et al., 2012; Ivanov et al., 2013). 

 

 

Fig. 1. Structural domains of FOXC2 protein: 

transactivation domain 1 (AD-1), fork-head DNA 

binding domain (FHD), nuclear localization signal 

1(NLS1), nuclear localization signal 2 (NLS2), 

transactivation domain 2 (AD-2), inhibitory 

region 2 (ID-2). 

In LD patients, almost 70 different FOXC2 mutations 

have been reported to date, scattered randomly along 

the whole coding sequence. The majority of FOXC2 

mutations are small insertions or deletions and 

nonsense mutations causing truncated proteins (Brice 

et al., 2002). It probably creates a haploinsufficiency 

condition which explains the dominant nature of LD. 

The FOXC2- haploinsufficient state is associated 

with hyperplasia and distichiasis in mice 

(Kriederman et al., 2003). Mutations responsible for 

the disease greatly vary among affected families and 

the secondary phenotypes differ among families. 

Nonetheless, any strong correlation has not yet been 

established between allelic variants and phenotypes. 

The disease exhibits variable penetrance of among 

the family members carrying the same allelic variant. 

In this study, the FOXC2 gene of an individual 

diagnosed positive for lymphedema distichiasis was 

analyzed by targeted Sanger Sequencing. The whole 

exon of 1501 bp was amplified through primer 

walking using five sets of primers. Due to the high 

GC percentage of the gene, the primers were not 

efficient and the PCR reaction mixture needed the 

addition of certain additives and nested PCR was 

performed. It is the first molecular study of a 

Bangladeshi lymphedema distichiasis patient and a 

homozygous 8 base pair deletion has been identified. 

Materials and methods 

The case 

A 32-year-old normotensive, non-diabetic, male 

presented with a history of bilateral below knee 

swelling since the age of twelve. He also noted foreign 

body sensation in both eyes for the last 10 years and 

the recent appearance of whitish spots on the left eye 

with impairment of vision of the same eye for about a 

month. Patient’s father and one of his younger 

brothers also showed the above-mentioned clinical 

features of eye lashes in the inner side of the eye lids 

and swelling of the lower limbs, albeit relatively 

milder.  His sister is normal and does not exhibit any 

of the clinical problems. These characteristics 

indicated that the patient may be suffering from a 

certain type of hereditary lymphedema.  

Mutational analysis of FOXC2 gene 

Genomic DNA isolation 

Genomic DNA was isolated from a 200 µl blood 

sample of the patient using GeneJet
TM

 DNA 

extraction kit following the standard isolation 

protocol. Concentration and purity of DNA was 

sufficiently good for PCR and sequencing. 

DNA amplification 

Due to absence of any reported mutational hot spot 

and presence of only one exon in this gene, it was 

planned to sequence the whole gene using a method 

called primer walking. Five sets of primers were 

designed to amplify 5 products that overlap each 

other to cover the whole gene (Table  1, Fig. 5[c]). 

All PCR reactions were performed using NEB PCR 

kit following standard reagent composition and 

reaction condition except template amount, annealing 

temperature and extension time. These were variable 
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based on genomic DNA concentration, Tm of primer 

and product size of each PCR reaction. 

It was also necessary to add DMSO (5% of volume) 

considering the high GC percentage of the target region. 

Detailed reagent composition and reaction condition of 

the PCR reactions are mentioned in Table: 2 and Table: 

3. For retrieving full sequence, the following forward 

and reverse primer combinations were used: F1+R1, 

F2+R2, F3+R3, F4+R4, F5+R5, F1+R5, F2+R4. As the 

Tm value of each primer was very close, the annealing 

temperature of those primer combinations was set as 60 
0
C (Table 1, Table 3). PCR products were purified 

using ATP PCR/Gel DNA extraction kit following 

standard protocol.   

Sanger sequencing of PCR products 

At first, cycle sequencing was performed with the 

purified PCR amplified DNA. Big Dye Terminatorv1.1 

Cycle Sequencing Kit and the forward or reverse primer 

of the respective product were utilized. Conditions for 

this cycle sequencing on thermocycler were: 1 minute 

for an initial denaturation of the DNA at 96 
0
C, 

followed by 35 cycles of a 10-second denaturation at 

96 
0
C, variable annealing temperature based on the 

primers used for 5 seconds, and the extension step at 

60 
0
C for 4 minutes. After this, capillary 

electrophoresis was performed on the 3130 Genetic 

Analyzer. The full process of sequencing was 

conducted in Advanced Molecular Biotechnology 

 

 

 

 

 

 

 

 

 

 

 

Laboratory, Department of Genetic Engineering and 

Biotechnology of University of Dhaka. 

Results and Discussion  

Clinical features and diagnosis 

The patient was admitted with characteristics 

indicating a certain type of hereditary lymphedema. 

All the parameters of the general examination 

including the vitals were normal. Examination of 

lower limbs revealed bilateral edema of legs and feet 

(Fig. 2[a]) with dryness and hyperpigmentation of 

the overlying skin. Examination of the eye revealed 

partial ptosis on the left side, an extra partial set of 

eyelashes on both eyes (Fig. 2[c] and Fig. 2[d]),  and 

left corneal opacity with reduced visual acuity on the 

left eye. Slit-lamp examination of both eyes showed 

bilateral distichiasis, epithelial and stromal opacity in 

the center of the cornea, and superficial corneal 

vascularization on the left eye. Results of other 

systemic examinations were normal. Isotope 

Lymphoscintigraphy (Fig. 2[b]) of both lower limbs 

revealed grade-1 and grade-2 lymphedema on the left 

and right sides respectively. Findings of Serum 

Creatinine, ALT, Prothrombin Time, Urine R/M/E, 

ECG, Echocardiogram, and CXR were normal. ICT 

for filaria was also negative. A Duplex study of both 

lower limbs found no evidence of deep vein 

thrombosis and no evidence of arterial insufficiency.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Primers for PCR amplification of FOXC2 gene 

Primers sequence length Tm(
0
C) Size(bp) 

F1 GAGCCGTCTCGGAAGCAG 18 60.66 
401 

R1 TCGTTGAGCGAGAGGTTGTG 20 60.32 

F2 TTCATCATGGACCGCTTCCC 20 60.11 
524 

R2 ATGTTCTCCACGCTGAAGCC 20 60.47 

F3 CAAGGAGGCCGAGAAGAAG 19 60.1 
564 

R3 GTGGTGCTGGTGGTGGTG 18 62.2 

F4 ATCATGACCCTGCGAACG 18 60.7 
598 

R4 TGCCACTCACCTGGGACT 18 60.3 

F5 GCCTCCTGGTATCTCAACCA 20 60.1 

328 R5 TCTCTGCAGCCCCTTAATTG 20 60.3 
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Table 2. PCR reagent composition 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Based on these clinical features and the patient 

statement of his father and younger brother having 

the similar illness, he was diagnosed with a rare 

hereditary disease, Lymphedema distichiasis 

syndrome. After necessary documentation, blood 

sample from the patient was collected to test for the 

presence of FOXC2 mutations.   

 

  

PCR results of FOXC2 gene 

PCR amplification of the 5 primer sets showed 

specific bands only for pair numbers 1 and 5 (Fig. 

3[a]). Regions covered by primer pairs one and five 

were sequenced (Fig. 4). 

To reveal the sequence between, several modifications 

were tried. Interestingly, gel electrophoresis indicated 

amplification from primer combination of F1 and R5 

with 5% DMSO (Fig. 3[b]). Annealing and extension 

temperatures were 60 
0
C and 72 

0
C respectively for this 

reaction. Later, this product was used as a template to 

perform nested PCR with primer combination of F2 and 

R4. In this nested PCR reaction mix, the annealing 

temperature was 60 
0
C and 3% DMSO was added. 

Nested PCR with primer combination of F2 and R4 

resulted in better amplification but nonspecific products 

were present (Fig. 3[c]). 

The band of the desired size of 1120 bp was isolated 

using Gel extraction after electrophoresis. This 1120 

bp DNA was sequenced using the Sanger method 

from both primers. PCR products of primer pair 

F1+R1, F2+R4, and pair F5+R5 overlap each other 

and cover the whole coding region of the FOXC2 

gene. So, these three products were sequenced to get 

the complete sequence of the  gene (Fig. 4).  

Sequence analysis of FOXC2 gene and locating 

deletion mutation 

Primer pairs of PCR products that provided good 

quality sequence are F1+R1, F5+R5 and F2+R4. 

When blast search against the NCBI nucleotide 

database were performed, no mutation was found in 

the sequence derived from pair F1+R1 and F5+R5. 

Product of primer combination F2+R4 was 

sequenced with both F2 and R4 primer to get the 

sequence of the whole segment. Sequence from R4 

was reverse-complemented and after trimming they 

were assembled in full 1120 bp sequence. When the 

assembled sequence was blast searched, an 8 bp 

deletion (ACGCCGCC) was identified (Fig. 5[a]). 

The chromatogram also indicates that the patient is 

homozygous for this deletion (Fig. 5[b]). This 

 

Table 3. PCR reaction conditions 

Step Temperature 

(
0
C) 

Duration Cycle 

Initial 

denaturation 
95 4 min 1 

Denaturation 95 30 sec 35 

Primer 

annealing 

60 30 sec 

Extension     72 Variable 

(1 min for 1kb) 

 

Final 

Extension 

72 5 min 1 

Reagents volume (µl) 

10X Reaction Buffer 2.5 

dNTP solution 0.5 

Forward primer 0.5 

Reverse primer 0.5 

Template Volume required for 

60 ng genomic DNA 

Taq Polymerase 

(5U/ µl) 

0.125 

DMSO 1.25 (5%) 

Nuclease free H2O 19.625 

25 µl 

Total 25 
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deletion is identified to be between base no 6423 and 

6431 of RefSeqGene on chromosome 16, (which 

refers to mRNA position between 914 and 921). This 

mutation had been reported before for the same 

disease. ClinVar accession code for this deletion is 

RCV000007679.3. Although most other mutations of 

this gene are unique among different families, as of 

October, 2021 only this 8 bp deletion has been 

reported four times in four independent studies for 

families from different geographical region (Bell et 

al., 2001; Erickson et al., 2001; Bahuau et al., 2002; 

Brice et al., 2002). These changes resulted in the 

production of a premature stop codon that 

terminated the predicted protein earlier than the 

wild-type and produced novel C-termini. Codons 

after 304 are disrupted for this mutation and new 

154 amino acids are added.  

In contrast to most other mutations, which appear to 

be unique, the eight-base-pair deletion reported in 

this study was observed in four additional unrelated 

pedigrees with lymphedema and distichiasis, 

suggesting that it is recurrent. One study reported 

this deletion in a French family showing autosomal‐

dominant segregation of upper‐ and lower‐eyelid 

distichiasis in seven affected relatives over three 

generations, in addition to below‐knee lymphedema 

of pubertal onset in three (Bahuau et al., 2002). 

Two children had cleft palate as well as distichiasis, 

but without any association with the Pierre–Robin 

 

 

 

 

 

 

 

 

 

 

 

 sequence. Divergent strabismus and early‐onset 

myopia were other ophthalmologic anomalies. 

Another study reported this deletion in a British 

family with the father and all three of his children 

being affected with both distichiasis and bellow-

knee lymphedema (Bell et al., 2001). Another study 

reported this mutation in fourteen-year-old boy with 

distichiasis, cleft palate webbed neck and very early 

onset (6 week) lymphedema (Erickson et al., 2001). 

The patient of this study stated he developed 

lymphedema during his puberty. He had distichiasis 

in the lower lids of his both eyes. He did not have 

myopia or cleft palate like some other LD patients 

with this deletion. Being reported in this study 

makes this 8 bp deletion the only FOXC2 mutation 

that has been found in five totally unrelated LD 

affected families. The reason behind the recurrence 

of this 8-base-pair-deletion is not fully clear.  It 

indicates that the region is prone to DNA 

polymerase slippage during replication process. In 

fact, high GC percentage has been reported to make 

DNA more prone to deletion through polymerase 

slippage and recombination which partly explains 

why most of the FOXC2 mutations are frameshift 

deletions. Elucidating the reason behind this 

particular deletion being relatively more frequent 

might shed light on to important features that make a 

sequence prone to deletion and has implications in 

mutational hotspot identification. 

 

 

 

  

 

 

 

 

 

 

 

 
(a) (b) 



  
Parvez et al./J. Bangladesh Acad. Sci. 47(2); 205-213: December 2023                    

 

210 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.  (a) PCR amplification with all FOXC2 primer pairs. Among these, good quality sequence was determined 

from pair 1 and pair 5; (b) Gel electrophoresis of PCR amplification with DMSO, band was visible only for 

primer pair: F1+R5. The band of 1.5 kb size (indicated by the white box) was extracted from gel to use as 

template for nested PCR; (c) Nested PCR with product of F1+R5 as template, PCR product of primer F2+R4 

was loaded in the gel and band of 1120 bp is visible with some nonspecific smears. 

(c) (d) 

Fig. 2. Clinical presentation of a 32-year-old Bangladeshi male with lymphedema distichiasis, (a) the 

lymphedema of the legs and feet, (b) Lymphoscintigraphy image of both legs, (c, d) Distichiasis in 

lower eye lids of the left and right eye respectively. 

(a) (b) 

(c) 
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Fig. 5. (a) Blast result showing 8-base pair deletion, (b) Chromatogram of patient’s DNA, yellow arrow indicates site 

of mutation. (c) Genomic locations [1] and the relative position of primer pairs [2], locations of FOXC2 coding 

region [3], sequence gap [4] and identified mutation [5]; genomic locations are given according to GRCh38. 

Fig. 4. PCR amplification maps of the FOX2 gene. F:forward primer, R: reverse primer, numbers after F/R means 

pair number, green bars indicate sequenced region, pink arrows indicate primers used during cycle sequencing. 

 

(a) (b) 
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Conclusion  

This is the first reported case of LD in Bangladesh. 

Although Hereditary lymphedemas are rare, analysis 

and investigation of such disease bear significance.  

The patient diagnosed in this study draws special 

attention due to the relatively low expressivity of the 

disease even though he is homozygous for the 

deletion in FOXC2. The deletion disrupts codons 

after 304. It means that the C-terminal activation 

domain and inhibitory domain are disrupted but the 

amino acid sequence for the N-terminal activation 

domain, nuclear localizing segment, and forkhead 

DNA binding domain remains identical to the native 

protein. As the homozygous deletion did not result in 

serious health complications for the patient, the 

mutated protein probably retains most of its native 

functions. Although the proper function of the 

protein might depend on the interactions among its 

domains, the function of the N terminal activation 

domain and forkhead DNA binding domain was not 

fully disrupted otherwise no native function would 

have been retained. A study found eight proline-

directed Ser/Thr phosphorylation sites in FOXC2 

clustered in a relatively short region of the protein 

encompassing amino acids 219 to 367. 

Phosphorylation at these sites was found to be 

important for FOXC2-induced vascular remodeling 

in vivo. It indicates that this eight-base-pair deletion 

probably hampers the proper regulation of the 

protein, but its major functional domains maintain 

their functions. 

Unfortunately, the sequence of a 40 bp segment 

could not be clearly read from the chromatograms 

due to the limitation of Sanger sequencing to produce 

peaks of good resolution at the ends of the DNA 

molecule (Fig. 5[c]). Extensive literature search has 

ensured that there is no report of mutation in this 

region and no LD patients were found to 

simultaneously carry two different mutations of 

FOXC2 gene until now.  
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 The stereochemistry of the routes to two different bicyclic tetramates 

are reported which enables to synthesize highly functionalized systems. 

An analysis of the structure shows that the tetramates permit ready 

incorporation of three to five functionality at different positions. This 

work demonstrates that novel bicyclic tetramates can be synthesized 

via stereoselective cyclization. The resulting heterocycles were studied 

with the help of NMR techniques.  
 

Introduction 
 
 

The tetramate moiety occurs in a diverse range of 

natural products which demonstrate a wide range of 

biological activity (Petermichl and Schobert, 2017; 

Schobert and Schlenk, 2008). Bicyclic tetramates, 

which may exhibit biological activity, are accessible 

by stereoselective Dieckmann ring closure reaction. 

We have shown this cyclization (Scheme 1) to get 4 

and utilization of the cyclized product 4 to synthesize 

a library of compounds for a number of systems 

(Andrews et al., 1998; Bagum et al., 2019a, 2019b, 

2020; Saney et al., 2023).  

Alternative C7-methyl tetramate 8 was developed 

following the methodology reported by Andrews and 

co-workers (Andrews et al., 1994). The thiazolidine 2 

was N-acylated by ethyl α-methylmalonyl chloride 6 

and pyridine to afford cis-2,5 malonamide 7 (Scheme 

2). The trans-2,5 malonamide was also formed as a 

minor product but only cis-2,5 malonamide 7 was 

isolated. Dieckmann cyclization at basic condition 

furnished in C7-methyl tetramates 8 and 9 which were 

inseparable at this stage. The structures of these novel 

compounds were determined by NMR and MS 

analysis. Previous works (Anwar et al., 2010; Bagum et 

 

al., 2019a, 2020; Saney et al., 2023) on this field has 

extensive examples with different NH and SH 

protecting groups including t-Bu and aryl systems. 

Herein, we have examined thiazolidine, malonamides 

and bicyclic tetramates with isopropyl NH and SH 

protecting group.  

Of interest we studied the products of cyclization 

pathways (Scheme 1 and 2) by using spectroscopic 

techniques and herein we report the results of that 

exploration. 

Materials and Methods 

Starting materials were obtained from Sigma Aldrich, 

Apollo Scientific, Alfa Aesar, Fluorochem or Acros 

Organics. Reactions were carried out in oven-dried 

glassware and under an inert medium of nitrogen. 

Minutes (min), hours (h) and days (d) were used to 

record reaction times. Light petroleum ether of boiling 

point 40-60℃ was used, without further purification, as 

purchased from the commercial suppliers. Solvents 

were evaporated under reduced pressure at 40 °C. 

Büchi R-210 and RE 111 rotary evaporator, attached to 
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a Vacuubrand CVC2 pump and pressure control 

system, were used to evaporate solvents.  

Merck aluminium foil backed sheets precoated with 

0.2 mm Kielselgel 60 F254 was used to perform 

Analytical thin-layer chromatography (TLC). 

Kielselgel 60 silica gel (230-400 mesh particle size) 

was used to accomplish flash column chromategraphy. 

The eluents are identified clearly for each column. 

 

 

 

 

 

 

 

 

 

 

Scheme 1. Synthesis of tetramate 4. 
 

Scheme 2. Synthesis of C7-Me Tetramate 8 with isopropyl NH and SH-protecting group. 
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Bruker DPX200 (200 MHz), AVF400 (400 MHz), 

AVG400 (400 MHz), AVH400 (400 MHz), 

AVB500 (500 MHz), AVC500 (500 MHz) and 

AVX500 (500 MHz) were used to record NMR 

spectra by the internal assistance at the Chemistry 

Research Laboratory, Department of Chemistry, 

University of Oxford. Confirmation of 

stereochemistry was made using NOESY. In the 

circumstances where products subsist as a 

mixture of diastereomers, rotamers or tautomers, 
1
H NMR spectrum was used to calculate the ratio 

of the mixtures. 

Synthesis of Methyl Ester Hydrochloride 

1(Chaudhari and Bari,2015): General Method A 

To stirring anhydrous MeOH (2 M) at 0°C, SOCl2 

(1.5 eq) was added dropwise. ʟ-cysteine (1 eq) was 

added portion-wise. The mixture was warmed up 

to 40°C and stirred at this temperature for 3 h. 

Then the solvent was evaporated under reduced 

pressure to produce the ester hydrogen chloride of 

the ʟ-cysteine 1. 

Synthesis of Thiazolidine Compound 2 (Andrews et al., 

1998; Seebach and Aebi, 1984): General Method B 

ʟ-Cysteine methyl ester hydrogen chloride 1 (1.0 eq) 

was added in petroleum ether (50-100 mL). Then 

triethylamine (1.5 eq) and 2-methylpropanal (1.2 eq) 

were added. The reaction mixture was refluxed with 

continuous removal of water using a Dean-Stark 

apparatus for 18 h. The white precipitate was then 

filtered and washed with Et2O. The combined 

filtrates were concentrated under reduced pressure to 

result the thiazolidine 2. 

N-Acylation of Thiazolidine 2 (Andrews et al., 

1998): General Method C 

To a solution of thiazolidine 2 (1.0 eq) in anhydrous 

DCM, 4- dimethylaminopyridine (0.05 eq) and N,N’-

dicyclohexylcarbodiimide (1.05 eq) were added. The 

mixture was cooled to 0°C followed by the addition 

of ethyl hydrogen malonate (1.05 eq). At 0°C, the 

reaction mixture was stirred for 30 minutes and at 

room temperature, the mixture was stirred for 5-6 h. 

A white precipitate was resulted, which was filtered 

and washed with dichloromethane. The combined 

filtrates were concentrated in vacuo and purified by 

flash column chromatography to furnish the expected 

products, N-acyl thiazolidines 3, 7. 

Dieckmann Cyclization (Andrews et al., 1998): 

General Method D 

Potassium tert-butoxide (1.05 eq) was added to a 

solution of N-acyl thiazolidine 3 or 7 (1.0 eq) in 

anhydrous tetrahydrofuran (THF). The reaction 

mixture was refluxed for 3 h. The mixture was 

separated between diethylether (Et2O) and water. 

The aqueous phase was acidified with 2 M HCl 

and extracted with ethylacetate (EtOAc). 1 M 

aqueous solution of NaH2PO4 and brine was used 

to wash the organic layer. The organic layer was 

then dried over anhydrous Na2SO4 and 

concentrated under reduced pressure to produce 

the methyl ester tetramic acids 4 or 8. 

Results and Discussion 

Products of cyclization pathways 

The following thiazolidine, malonamide and 

bicyclic tetramate derivatives (Fig. 1) were 

obtained from the cyclization pathways using 

isopropyl NH and SH protecting group. The 

stereochemistry of the thiazolidine 2, 

malonamides 3, 7, and tetramates 4, 8 were 

assigned by NOE analysis (Fig. 2). 

C2 Epimerisation and Rotameric Behaviour of 

Malonamide 3: Rationalisation. 

A mixture of two different species, even after 

careful column chromatography, was apparent in 

the 
1
H NMR spectra of malonamide 3. These 

mixtures could have been rotamers due to the 

presence of the N-protecting group or an 

inseparable mixture of diastereomers (Fig. 3).
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Fig 1. Products of cyclization pathways. 

Fig. 2. Nuclear Overhauser Effect (NOE) analysis of thiazolidine 2, malonamides 3,7, and tetramates 4,8. 
 

Fig. 3. Structure of rotamers and diastereomers for malonamide 3. 
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The rate of rotameric exchange is fast and can be 

examined by using variable temperature (VT) 
1
H 

NMR, 1D selective chemical exchange NMR 

experiment or 2D gradient NOE experiment. In the 

VT NMR experiment, 
1
H signals from rotameric 

species would coalesce. On the other hand, proton 

signals for the rotameric species would exhibit 

similar behaviour in a 1D gradient NMR 

experiment or exchange peaks would appear in 2D 

gradient NOE experiment. 

The cis-2,5 malonamide 3 was found to exist as a 

mixture of rotamers detected by a 1D gradient 

selective NOE NMR experiment (Fig. 4). Selective 

 

 

 

 

 

irradiation of signal at 4.69 ppm in 1D gradient 

NOE experiment provided a spectrum (B) with two 

negative signals at 4.69 ppm and 5.32 ppm. This 

experiment revealed the rotameric exchange in cis-

2,5 malonamide 3. 

Fig. 4. (A) 
1
H NMR of cis-2,5 malonamide 3; (B) 1D gradient NOE showing selective irradiation at H2. 

 

219 



  
Bagum et al./J. Bangladesh Acad. Sci. 47(2); 215-222: December 2023                    

 

 

Following the remarkable success in the synthesis 

of bicyclic teramate motif 4, easy and cost 

efficient access to tetramate derivative, it was of 

interest to investigate the preparation and reactions 

of C7-methyl bicyclic tetramate with an isopropyl 

NH and SH-protecting group. This would permit 

access to 3, 4-substituted tetramate, pyrrolinone 

and pyrroglutaminol derivatives. 

Stereochemistry of Intermediate 7  

The cis-2,5 malonamide 7 was obtained as a mixture 

of C7 epimers with 7R as a major one and 1D 

gradient NMR spectropscopy revealed the presence 

of rotameric exchange (Fig. 5).  The stereochemistry 

of the major malonamide analogue 7 was assigned 

confidently by NOE analysis (Fig. 2). Nuclear 

Overhouser Effect (NOE) analysis was used to 

determine the stereochemistry of the major tetramic 

acid 8, whereas the stereochemistry of minor one was 

assigned by NOE analysis of mesylate derivative 9. 

 

 

 

 

 

 

Regioselectivity and Diastereoselectivity in 

Dieckmann Cyclization 

Andrews and co-workers (Andrews et al., 1994, 

1998) have reported a comprehensive study on the 

regioselectivity, diastereoselectivity and 

enantioselectivity of the Dieckmann ring closure of N-

acyl oxazolidines. Similarly, the regioselectivity, 

diastereoselectivity and enantioselectivity of the 

Dieckmann ring closure of N-acyl thiazolidine can be 

described (Scheme 3). The steric bulk from the isopropyl 

group plays a vital role in the observed regioselectivity 

and diastereoselectivity in Dieckmann cyclization. 

Fig. 5. (A) 
1
H NMR of cis-2,5 malonamide 218b; (B) 1D gradient NOE showing selective irradiation at H2 
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Deprotonation of cis-3 results in four possibilities 

for cyclization among which only two are favoured 

as the bulky isopropyl group is placed on the less 

obstructed exo-face of the bicyclic ring system and 

consequently, the major product comes from the 

more stable  enolate 3’’. The other two structures, 

3’’’ and 3’’’’, set the isopropyl group in the more 

obstructed endo-face of the bicyclic ring system and 

thereby cannot be formed. Jeong et al.(Jeong et al., 

2011) have examined the chemoselectivity in 

Dieckmann cyclisation. Seebach’s substrate-

controlling protocol ‘Self Regeneration of 

Stereocentres’(Seebach et al., 1996; Seebach  and 

Aebi, 1984) allows this route to avoid racemization 

in the formation of chiral tetramates 4 and 10. The 

optical purity of products for O-system was also 

Scheme 3. Mechanism and possible outcomes for the Dieckmann cyclization. 
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examined by Andrews (Andrews et al., 1998). 

These results clearly demonstrate that this three-

step route to tetramate proceeds with regio- and 

chemoselectivity and develops tetramates 4 of 

excellent enantiomeric purity.  

Conclusion 

The stereochemistry of thiazolidine 2, malonamides 

3, 7 and bicyclic lactams 4, 8, prepared from 

cysteine and 2-methylpropanal, were studied 

extensively with the help of different NMR 

techniques. It has shown that the products are 

stereoselective and in all cases the major products 

are of cis-configuration. 
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 Soybean genotypes G00006, BD2336, AGS383, PK472, BCS1, NCS1, BU 

Soybean1 and BARI Soybean6 were evaluated under 20% (drought) and 

80% (control) of field capacity based on morpho-physiological and yield 

response to drought. The results revealed that plant height, leaf number, 

chlorophyll content, photosynthesis, stomatal conductance, transpiration rate, 

relative water content and water uptake capacity of soybean drastically 

reduced due to drought. However, root: shoot ratio increased under drought 

condition. Across the genotypes, the root : shoot ratio ranged from 0.20 to 

0.47 in control, while 0.22 to 59 in drought condition. Genotypes BD2336, 

AGS383 and G00006 produced higher number of pods and seeds, whereas 

minimum yield reduction was recorded in AGS383 under drought. Based on 

drought tolerance index, AGS383 ranked 1
st
, while BD2336 and PK472 

ranked 2
nd

 and 3
rd

 position, respectively. High grain yielding ability of 

AGS383 suggested that it could be cultivated in drought prone environment. 

 

Introduction 
 
 

Drought, scarcity of water, is the single most vital 

factor distressing the agricultural production and 

world food security. It hampers normal plant growth, 

alter phenotypic characters resulting decreasing of 

yield significantly (Mannan et al., 2022; Ku et al., 

2013). Water shortage also affects physiological and 

developmental processes of plants that alter the yield 

of a crop (Allahmoradi et al., 2011). The 

development of high yield potential crop cultivars 

with drought tolerance ability has a great significance 

for increasing yield in dry land condition.    

Globally, soybean (Glycine max L. Merrill) is a vital 

grain legume (Kumar et al., 2008; Ahmed et al., 

2010). Hundred years ago, it was domesticated in 

East Asia. The management and production 

technology of soybean have been improved 

immensely throughout the world due to its nutritional 

value (Liu et al., 2005). It is a remarkable source of 

oil, protein, carbohydrate, minerals and vitamins 

(Mannan and Mamun, 2018; Dola et al., 2022). It is 

also very useful in improving the soil, because it has 

capability to fix atmospheric nitrogen for itself and 

other plants also (Kumar et al., 2008; Purcell et al., 

2000; Ahmed et al., 2010; Mugendi et al., 2010). 

Drought negatively affects soybean growth and 

causes less crop growth and substantial reductions in 

yield (Akand et al., 2018; Fatema et al., 2023; 

Chowdhury et al., 2017; Mannan et al., 2023). The 

reproductive and grain filling stage of soybean is 

very sensitive to drought stress (Wijewardana et al., 

2019; Liu et al., 2004). However, long-term water 

stress during vegetative phase also causes substantial 

yield loss. The scar  city of water reduces stomatal 

conductance (Gs), lower photosynthesis (Pn),  
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chlorophyll (Chl) content, and transpiration rate (Tr). 

Biomass production negatively affected due to low 

leaf area under drought condition (Brown et al., 

1985). Yield of grain legume depends on dry matter 

production in shoot (Saxena et al., 1990). Drought 

negatively affected the production of shoot and root 

biomass in soybean grown under water stress 

condition (Fatema et al., 2023). Roots play a vital 

role in drought tolerant because they uptake water 

and nutrient from soil (Eureka et al., 2000).  

The climatic and the edaphic conditions allows 

soybean to grow throughout the year in Bangladesh. 

The area of soybean cultivation has been expanded 

dramatically from only 5000 ha in 2005 to 62508 ha 

in 2018-2019 (BBS, 2020; Mamun et al., 2022). The 

expansion of cultivation of soybean occurred mainly 

in the districts of Noakhali, Luxmipur, Bhola, 

Patuakhali, Faridpur, and even in the northern 

Bangladesh due to its high demand for making 

animal feed. Though, soybean can be cultivated 

throughout the year, but it is difficult to fit with 

existing cropping patter in rabi and kharif II due to 

high crop competition. Aman rice is popularly 

cultivated in kharif II, while winter crops in rabi 

season. However, only few field crops are grown 

during kharif I and this season may be a good option 

for growing soybean.  

But, scarcity of water and high temperature hamper a 

harvest of good crop in kharif I season. Therefore, it 

is necessary to screen out soybean genotypes which 

would be well adapted to that low moisture regime. 

Miah et al. (2020) recommended dwarf variety BU 

Soybean1 that gave higher yield in rabi season when 

plant suffer for the scarcity of water due to less or no 

rainfall. G00006, BD2350, Shohag, BD2336, 

AGS383 and GMOT22 were found fairly drought 

tolerant as reported by Akand et al. (2018). 

Considering the above facts, this study was 

conducted to analyze the effect of drought on the 

changes in growth and productivity of soybean, and 

to determine the morpho-physiological mechanisms 

of drought tolerance in soybean.   

Materials and methods 

Experimental site 

A pot experiment was conducted in a vinyl house of 

the Department of Agronomy, BSMRAU, Gazipur, 

Bangladesh during kharif I, 2018. The site is located 

in Madhupur Tract (Agroecological Zone 28). 

Pot preparation 

Total 80 pots were used in this experiment and they 

were filled with soil collected from Kodda, Gazipur. 

The soil was sandy loam and each pot contained 12.0 

kg of soil. Urea, triple super phosphate, muriate of 

potash and gypsum was applied at 0.15, 0.18, 0.36 

and 0.1 g pot
-1

, respectively before sowing seeds.  

Experimental treatment and design 

A randomized complete block design with five 

replications was followed to conduct the experiment. 

The experimental treatments consisted of two factors, 

viz. Factor A (8 soybean genotype) included 

G00006, BD2336, AGS383, PK472, BCS1, NCS1, 

BU Soybean1 and BARI Soybean6; and Factor B 

(growing condition) drought (20% of field capacity 

(FC) and control (80% of FC). 

Sowing soybean seeds and imposition of 

drought treatments 

Five healthy seeds were sown in each pot uniform 

spacing on 03 May, 2018. After sowing of seeds, 

light irrigation was given for uniform seed 

germination. Before imposition of drought treatment, 

extra seedlings were removed by keeping one healthy 

plant pot
-1

. Water stress treatments were imposed 

after trifoliate stage of the crop (15 days after 

sowing, DAS). To maintain equal soil moisture 

content in all pots, irrigation was applied one day 

before treatment imposition. Water stress condition 

was induced by withholding water until wilting 

symptom was observed in plants and irrigation was 

applied in each pot at the first appearance of wilting 

symptom in plants to maintain 20% of FC.  

However, irrigation water was applied after 3-5 days 

of the previous application. A soil moisture meter 
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was used to determine the soil moisture level before 

applying irrigation. At FC, the experimental soil 

contains 30% moisture. Therefore, 6% of soil 

moisture was maintained to ensure 20% of FC of the 

soil. Further, about 24% soil moisture was 

maintained for control treatment, where 80% of FC 

was ensured.  

Phenological attributes 

Data on days to emergence, flowering, and pod 

formation were recorded for each genotype under 

both treatments. Days to first emergence were 

counted when at least one radical emerge throughout 

the seed coat in each genotype.  Days to 50% 

emergence were counted when most of the plants of 

each genotype had more than 50% radical 

emergence. Days to first and 50% flowering were 

counted when at least one and more than 50% 

flowers opened, respectively. Days to first pod and 

50% pod formation were counted when at least one 

pod and more than 50% pod was developed in most 

of the plants of each genotype, respectively. A plant 

was considered to have maturity when majority of 

the plant leaves turned yellow and color of pods 

became brownish and hard. 

Collection of morphological parameters 

Plant height was measured by a meter scale (100 cm) 

at 25 and 50 DAS. The height of plant was taken 

from the base to the tip of the plants. The height of 

the five plants was averaged. To record leaves 

number plant
-1

, the leaves of sample plants were 

count down as 1, 2, 3, 4 and so on at 25 and 50 DAS. 

Leaves per plant of the five plants was averaged. The 

growth duration was determined from gap between 

date of seed sowing to date of physiological maturity 

of each genotype.  

Quantification of physiological traits 

At 50 DAS, Chl was determined on fresh weight 

(FW) basis extracting with 80% acetone by using 

double beam spectrophotometer according to 

Talukder et al. (2022). The formulae for computing 

Chl a, b and total chl were-  

Chl a (mg g
-1

 FW) = [{12.7 (D663) - 2.69 

(D645)} × {V/(1000× W)}]  

Chl b (mg g
-1

 FW) = [{22.9 (D645) - 4.68 

(D663)} × {V/(1000× W)}]  

Total chl (mg g
-1

 FW) = [{20.2 (D645) + 

8.02 (D663)} × {V/(1000× W)}] 

Where, D (663,645) = Optical Density of the chl 

extract at wavelength of 663 and 645 nm, 

respectively. V = Final volume (ml) of the 80 % 

acetone with chl extract and W = Weight of fresh 

leaf sample in g. Leaf temperature was recorded at 

flowering stage of the crop. The average value was 

recorded. The Pn, Gs and Tr were determined during 

flowering stages of the crop with a portable Pn 

system (LiCOR-6400, Lincoln, Nebraska). 

Measurement was taken in a clear sunny day. For 

determining FW, sampling was done at flowering 

stage of each genotype. Fully expanded leaves of 

each genotype were collected from both control and 

drought condition at noon. After collecting leaves 

from pot, they are transferred to the laboratory and 

FW was taken immediately. The leaves were soaked 

in distilled water for 24 hours to record the turgid 

weight (TW). Dry weight (DW) of leaf was obtained 

after oven drying for 72 h at 70 ºC. The relative 

water content (RWC) was calculated in following 

equation according to (Schonfeld et al. (1988). 
 

RWC = 
FW – DW 

× 100 
TW – DW 

 

Water saturation deficit (WSD) and water retention 

capacity (WRC) was calculated following 

Sangakkara et al. (1996). 

WSD = 
TW – FW 

× 100 
TW – DW 

WUC = 
FW – DW 

 
DW 
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Where, FW= fresh weight, DW= dry weight and 

TW= turgid weight of the sample. 

The root and shoot weight were taken at 50 DAS. 

From both treatments of control and drought, a 

soybean plant of each genotype was cut just above 

the soil surface. The weight of stem and leaves were 

obtained after oven drying for 72 h at 70 ºC. All the 

roots were collected carefully by hand and washed 

them in running tap water on a sieve. After washing, 

the roots were soaked with a cotton towel. Roots 

were dried in electric oven and weight of root were 

recorded after oven drying for 72 h at 70 ºC. The root 

and shoot ratio were determined from their weight. 

Root : shoot = 
Root weight 

Shoot weight 

 

Yield and yield contributing data 

Data on total number of pods per plant, total number 

of seeds per plant, number of seeds per pod, 100-seed 

weight and yield per plant were recorded. To 

measure yield per plant, total seeds from the sample 

plants were weighted by an electrical balance. The 

moisture content of seeds was measured by a hand-

held moisture meter. The grain yield was adjusted to 

14% moisture content using the following formula: 

Adjusted weight =           
W × (100 – M1) 

× 100 
   (100 – M2) 

 

Where, W is the fresh grain weight; and M1 and M2 

were the fresh and adjusted moisture percent of the 

grain, respectively. 

Data analysis 

Computer software package “CropStat 7.2” 

version was used to analyze the collected data. The 

treatment means were separated using Duncan’s 

Multiple Range Test (DMRT) at 5% level of 

significance (Gomez and Gomez, 1984). Some 

calculations and graphs were prepared using Excel 

software (Microsoft Corporation, Redmond, WA, 

USA). Using cluster analysis, soybean genotypes 

were scored on multiple agronomic parameters 

simultaneously. Drought tolerance index was 

determined as the observations under drought 

divided by the means of the controls. Cluster 

analysis was done according to Khrais et al. (1998) 

and cluster group rankings were obtained based on 

Ward’s minimum variance. The cluster groups 

were identified in dendrogram and rankings were 

obtained from the average of means over multiple 

parameters in each cluster group. A sum was 

obtained by adding the numbers of cluster group 

ranking in each genotype. The genotypes were 

finally ranked based on the sums in order that 

those with the smallest sums were ranked as the 

most tolerant and those with the largest sums were 

ranked as the least tolerant in terms of relative 

drought tolerance. 

Results and discussion 

Phenological attributes 

First emergence occurs within 2 DAS. For 50% 

emergence, the lowest time required for AGS383, 

PK472 and NCS1, while the highest for G00006 

and BCS1 (Table 1). Under control, BU Soybean1 

took 27, 30 days for first and 50% flowering, 

respectively. Similarly, this variety needed 35 and 

42 days for first and 50% pod formation, 

respectively under control condition. On the 

contrary, BU Soybean1 flowered and pod produced 

2-4 days earlier under drought conditions than 

control. Similarly, all the genotypes needed longer 

time for flowering and pod formation in control 

than drought condition. Among the genotypes, 

NCS1 and BCS1 took more time for flowering and 

pod development in both treatments. Akand et al. 

(2018) and Fatema et al. (2023) also reported that 

soybeans needed less time for flowering and 

maturity when they are grown in water deficit 

condition. For maturity, BU Soybean1 required 96 

days in control condition and 92 days in drought 

condition (Fig. 1). However, the growth duration of 

NCS1 and BCS1 were the highest both control (144 
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days) and drought (140 days) conditions. Highly 

positive correlation was reported between days to 

flowering and days to maturity (Malek et al., 2014). 

Similarly, yield showed a positive association with 

days to maturity (Liu et al., 2005). Fenta et al. 

(2014) proved that drought exposure generally 

causes faster plant maturation. 

Morphological parameters 

Water stress inserted negative impact on root and 

shoot biomass. However, AGC383 produced the 

highest root biomass, which was followed by NCS1 

under drought. On the other hand, BU Soybean1 

gave the lowest root biomass, which was followed 

by BARI Soybean6. However, genotype G00006 

produced the highest shoot biomass under control 

and drought condition, which was followed by 

BD2334 (Table 2). The root: shoot ratio increased 

due to drought stress. The root: shoot was increased 

in BCS1 and NCS1 on 50 DAS under drought 

condition as compare to control. Irrespective of 

soybean genotypes, the root : shoot ratio ranged 

from 0.20 to 0.47 in control, while the ratio was 

0.22 to 59 in drought stress. 

Drought decreased the plant height of soybean at 

both 25 and 50 DAS (Fig. 2). At 25 DAS, the height 

of PK472 was 70 cm in control, which decreased to 

57.60 in drought. Similarly, the height of genotype 

PK472 was decreased by 19% under drought 

condition at 50 DAS. Rest of the genotypes also 

exhibited similar trend of reduction in plant height. 

Khan et al. (2014) reported that the height of 

soybean plant decreased due to water stress. Hamid 

et al. (1990) stated that water stress induced 

reduction in plant height due to lower Pn. 

Drought caused decreased in number of leaves 

compared to control on 25 and 50 DAS in all 

soybean genotypes (Fig. 3). Regarding leaf 

production, the genotypic variation was obvious in 

soybean. On 25 DAS, PK472 showed lowest leaf 

reduction and BU Soybean1 showed highest leaf 

reduction. PK472 produced 7 mean leaf number in 

control which decreased to 6.80 mean leaf number 

in drought condition and BU Soybean1 produced 23 

mean leaf number in control which decreased to 

13.40 mean leaf number in drought condition. On 

50 DAS, G00006 showed lowest leaf reduction and 

BARI Soybean6 showed highest leaf reduction. 

G00006 produced 25.40 mean leaf number in 

control which decreased to 23.60 mean leaf number 

in drought condition and BARI Soybean6 produced 

39 mean leaf number in control which decreased to 

21.80 mean leaf number in drought condition. Wu 

et al. (2008) and Fatema et al. (2023) reported 

similar results. Under water stress condition, the 

initiation of new leaf is hampered and senescence of 

existing leaves are accelerated in plants as reported 

by Chowdhury et al. (2015). 

Physiological traits 

There was a significant decrease in Chl content under 

drought stress in soybean leaves as reported by 

Makbul et al. (2011). Drought stress decreased leaf 

Chl a content. However, minimum reduction in Chl a 

content was recorded in the case of genotypes 

AGS383. Othe other hand, the higher amount of Chl 

a was obtained in the leaf of BD2336, while G00006 

showed the minimum. Similarly, genotype AGS383 

showed the highest Chl a under drought condition, 

followed by BCS1. 

G00006 showed the lowest amount of Chl a. 

Photosynthetic pigments Chl a capture sunlight. 

However, Chl a more cope with in drought condition 

than Chl b. Reactive oxygen species were developed 

under water stress condition, which damaged 

chloroplast of plant cell resulting decreased Chl content.  

Fatema et al. (2023) also reported similar results. 

Like Chl a, drought stress also decreased Chl b 

content of leaf to a large extent. However, Chl b was 

reduced more than Chl a. Among the eight 

genotypes, G00006 showed minimum decrease in 

Chl b content and followed by AGS383 (Fig. 4). 



  
Ahsan et al./J. Bangladesh Acad. Sci. 47(2); 223-240: December 2023                    

 

228 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Phenological changes due to drought in eight soybean genotypes 

Soybean 

genotypes 

FPE (days) FF (days) FPF (days) FPoF (days) FPPoF (days) 

Cont. Drout. Cont. Drout. Cont. Drout. Cont. Drout. Cont. Drout. 

G00006 6 6 30 30 37 34 41 39 48 45 

BD2336 5 5 31 30 39 35 45 42 51 48 

AGS383 4 4 33 32 37 33 43 41 49 47 

BU Soybean1 5 5 27 26 30 28 35 32 42 38 

PK472 4 4 38 36 43 40 50 46 55 51 

NCS1 4 4 60 57 66 62 70 67 75 70 

BCS1 6 6 60 57 66 62 70 67 75 70 

BARI 

Soybean6 

5 5 55 54 62 56 66 61 71 67 

 

FPE = 50% emergence, FF = First flowering, FPF = 50% flowering, FPoF = First pod formation, FPPoF = 50% pod 

formation, Cont. = Control, Drout. = Drought.   

 

Table 2. Root and shoot weight of soybean genotypes under control and drought 
 

Soybean 

genotypes 
Root weight (g plant

-1
) Shoot weight (g plant

-1
) Root : shoot 

Control Drought Control Drought Control Drought 

G00006 1.720.42 1.360.33 8.582.2 6.161.1 0.201.2 0.221.0 

BD2336 1.290.16 1.230.12 5.160.34 4.250.31 0.250.1 0.291.1 

AGS383 1.290.15 1.040.11 5.290.22 3.400.19 0.240.6 0.311.3 

BU Soybean1 1.960.52 1.820.51 7.412.9 5.361.0 0.261.4 0.341.1 

PK472 1.840.48 1.780.49 5.262.8 3.901.2 0.351.2 0.461.2 

NCS1 1.760.51 1.800.54 5.422.0 3.311.2 0.321.0 0.541.3 

BCS1 1.540.42 1.710.38 3.292.2 2.921.1 0.471.2 0.591.2 

BARI Soybean6 1.650.11 1.150.10 4.920.26 4.090.22 0.341.0 0.281.1 

 

Data are meansstandard error of three replications. 
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Fig. 2. Plant height of soybean genotypes under drought and control 

Fig. 1. Growth duration of soybean genotypes under drought and control 
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Fig. 3. Leaf production of soybean genotypes under drought and control 
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Fig. 4. Chlorophyll content of soybean genotypes at flowering stage under drought and control 
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The higher amount of Chl b was obtained in the leaf 

of genotype BD2336, while BCS1 showed the 

minimum under both growing conditions. Drought 

stress reduced total Chl content in leaves of soybean 

genotypes (Fig. 4). However, the content of total Chl 

was higher in the leaves of BD2336, which was 

followed by BARI Soybean6 and PK472. The 

minimum total Chl was obtained in the leaves of 

G00006. Interestingly, the maximum amount of total 

Chl (4.84 mg g
-1

 FW) content was determined in the 

genotype AGS383 in drought condition. Chl content 

reduced under drought condition also stated by 

Fatema et al. (2023). 

Photosynthetic traits 

Under water deficit condition, leaf Pn reduced in all 

the soybean genotypes (Fig. 5). The highest Pn 

reduction was found in BU Soybean1 where Pn value 

was 40.11 and 21.59  mol CO2 m
-2

 s
-1

 in control and 

drought conditions, respectively. The lowest Pn 

reduction was found in AGS383 where Pn value was 

30.54 and 30.39  mol CO2 m
-2

 s
-1

 in control and 

drought condition respectively and the reduction was 

non-significant. Under drought stress, the stomata 

remain closure resulting lower Pn (Mahajan and 

Tuteja, 2005). Reduction of leaf number area vis a 

vis reduced Pn under drought is an important cause 

for reduced crop yield. Under water deficit condition, 

leaf Gs reduced in all soybean genotypes (Fig. 5).  

The Gs was significantly affected by drought in 

BARI Soybean6, NCS1, BU Soybean1 and PK472. 

On the other hand, the Gs did not reduced 

significantly in the case of G00006, BD2336, 

AGS383 and BCS1. The RWC regulate the stomatal 

opening and closing and lower Gs under drought due 

to decreased RWC. Makbul et al. (2011) reported 

that Gs decreased during the drought period in 

leaves. About 42% lower Gs was obtained in drought 

condition as compared to control. The Tr 

significantly reduced under drought in all the 

soybean genotypes (Fig. 5). The Tr was 11.43 m mol 

m
-2

 s
-1

 in control which was reduced to 3.74 m mol 

m
-2

 s
-1 

in drought for genotype G00006. Similar trend 

was also observed for other genotypes. Zhang et al. 

(2016) and Fatema et al. (2023) also found lower Tr 

in leaves under water stress condition.  

Plants under drought stress showed high leaf 

temperature compared to control condition in most of 

the soybean genotypes (Fig. 5). Under control 

condition AGS383 showed the highest leaf 

temperature which was 31 C, and BARI Soybean6 

showed the lowest leaf temperature which was 26 C. 

Under drought condition BU Soybean1 showed the 

highest leaf temperature which was 33 C followed 

by AGS383 and NCS1 where both the genotypes 

showed 32 C and the differences among them were 

non-significant. BARI Soybean6 showed the lowest 

leaf temperature under drought condition which was 

28 C. As the drought continued, leaf temperature of 

the soybean increased earlier in the day and 

decreased later in the afternoon as was reported by 

Jung and Scott (1980). A significant difference in 

leaf temperature was also found between drought and 

control as reported by Winter et al. (1988). 

Water related parameters 

The RWC of eight soybean genotypes varied 

significantly and non-significantly due to water stress 

at flowering stage (Fig. 6). 

RWC content was higher in BU Soybean1 under 

both control and drought stress condition. RWC of 

BU Soybean1 was 79.93% and 74.89% in control 

and drought condition respectively, which was 

statistically similar. Under drought condition, 

reduced RWC was found in soybean leaf as reported 

by Chowdhury et al. (2017). The water content of 

soil in drought treatment was 20% of FC, which was 

not enough for plants and cause dehydration of leaf 

tissue. Many earlier studies also showed that leaves 

exhibited a reduction of RWC when subjected to 

drought (Nayyar and Gupta, 2006) or salinity (Tareq 

et al., 2022). The WSD of eight soybean genotypes 

varied significantly and non-significantly due to 

water stress at flowering stage (Fig. 6).  
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 Fig. 5. Photosynthetic traits of soybean genotypes at flowering stage under drought and control  
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Fig. 6. Relative water content of soybean genotypes at flowering stage under drought and control 
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Under drought condition BU Soybean1 showed the 

lowest WSD followed by NCS1 and the relationship 

between them were non-significant. BD2336 showed 

highest WSD followed by AGS383 and PK472 under 

drought condition which was also non-significant. 

Chowdhury et al. (2017) also reported that WSD of 

soybean increased under water stress. Drought 

increased leaf WUC in most of the tested soybean 

genotypes (Fig. 6). AGS383 showed highest WUC 

under both control and drought condition, and the 

relationship between control and drought treated 

plant of AGS383 was statistically similar. The water 

use is maintained by drought tolerant genotypes 

under less water condition. 

Yield attributing parameters 

Water stress caused significant differences in pods 

plant
-1 

(Fig. 7). BD2336 produced the highest 

number of pods plant
-1

 (116), which was followed by 

BCS1 and AGS383. The lowest number of pods 

plant
-1 

(21) was produced by BU Soybean1. Similar 

results also reported by Akand et al. (2018). The 

number of fertile pods plant
-1

 reduced due to scarcity 

of water in seed filling stage. The findings of the 

present study is also supported by the findings of 

earlier studies in French bean (Omae et al., 2005), in 

soybean (Kokubun et al., 2001; Liu et al., 2004) and 

in mungbean (Islam, 2008). 

The abortion of flowers and pods under water stress 

condition might be the possible reason for reduction 

of the number of pods plant
-1

 (Maleki et al., 2013).  

Drought stress reduced the number of seed production 

per plant in all the tested soybean genotypes (Fig. 7). 

The highest number of seeds plant
-1

 (204) was 

recorded in BCS1, which was followed by BD2336 

and AGS383. The lowest number of seeds plant
-1

 was 

produced by BU Soybean1. Under control condition, 

the highest number of seeds plant
-1

 (204) was found in 

BCS1 which was closely followed by BD2336 and 

AGS383 while the lowest number of seeds plant
-1

 was 

produced by BU Soybean1. Under drought conditions, 

AGS383 had maximum number of seeds plant
-1

 

(81.16) followed by G00006 and BD2336 while NCS1 

had the minimum (3.72 plant
-1

) which was closely 

followed by BU Soybean1 and BARI Soybean6. 

Akand et al. (2018) and Fatema et al. (2023) also 

stated that soybean plants exposed to drought 

produced reduced number of seeds per plant. Drought 

stress reduced the number of seed production pod
-1

 in 

all the tested soybean genotypes (Fig. 7). Under 

control condition, NCS1 produced significantly 

highest number of seeds (2.1 pod
-1

) than other 

genotypes and the lowest was produced by BD2336. 

Under drought conditions, BCS1 had maximum 

number of seeds (1.42 pod
-1

) followed by BARI 

Soybean6, AGS383 and PK472 while BD2336 had 

the minimum seeds (1.04 pod
-1

) which was closely 

followed by BU Soybean1 and NCS1. The seeds 

number pod
-1

 and individual seed weight are 

genetically controlled and comparatively stable 

character. They are also less affected by 

environmental stress (Tera’n and Sigh 2002). In 

case of 100-seed weight, AGS383 produced 

significantly higher seed weight (15.4 g) than other 

genotypes followed by PK472 and BARI 

Soybean6 in control condition (Fig. 7). AGS383 

produced the seeds of highest 100-seed weight 

(12.49 g), while NCS1 had the minimum 100-seed 

weight (3.27 g). Compared with the control, 

drought stress significantly reduced the 100-seed 

weight of soybean as reported by Du et al. (2020). 

Seed yield 

Seed yield of soybean reduced significantly under 

water stress in all soybean genotypes (Fig. 8). 

Among all the genotypes, seed production was 

minimum affected by drought in AGS383. It 

produced significantly highest seed yield under both 

control and drought condition which was 26 and 

10.25 g plant
-1

 seed in control and drought stress, 

respectively. Under drought condition the genotype 

G00006 yielded 4.02 g plant
-1

 which was next to 

AGS383 followed by BD2336. The heavier grain 

size in AGS383 mostly contributed to the higher 

grain yield as compared to the other two genotypes. 

Regarding yield performance, AGS383 was the best 

under both well irrigated and waster stress condition 

as reported by Akand et al. (2018).  
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The photosynthetic efficiency of plants decreased 

under drought due to reduced number of leaves per 

plant which cause lower crop yield (Kramer, 

1983). Similarly, the yield components like 

number of pods plant
-1

 and individual seed weight 

were also decreased, which induced lower grain 

yield of crop. In the present study, the lower yield 

under water stress condition due to decreased leaf 

area, lower photosynthetic rate, poor performance 

of yield components. These findings are supported 

by the previous findings of Taiz and Zeiger 

(2002), Liu et al. (2003) and Fatema et al. (2023). 

Low photosynthesis, decreased assimilates 

translocation, and flowers and pods abortion are 

the possible causes of lower yield under drought 

condition (Kukubun et al., 2001; Tera’n and Singh, 

2002; Liu et al., 2003 and 2004;). 

Drought tolerant soybean genotypes 

Selection of drought tolerant soybean genotypes 

was done considering drought tolerance indexes in 

relation to genotypic performance on different 

agronomic parameters like height of plant; number 

of leaves, pods and seeds; 100-seed weight and 

seed yield (Table 3). AGS383, PK472 and BARI  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Soybean6 showed the best performance in case of  

plant height. In case of leaf production BU 

Soybean1 performed better than other genotypes.  

BD2336 performed better in pod production. 

AGS383 showed the best performance in case of 

total number of seeds, 100-seed weight and seed 

yield. In case of seeds per pod the genotype BCS1 

performed better than other genotypes. 

Considering all the above-mentioned agronomic 

parameters, especially related to yield response, 

the genotype AGS383 performed better under 

drought stress than others. Based on agronomic 

parameters, AGS383 ranked 1 in all the 

parameters with the rank sum 7 (Table 4). 

BD2336 and PK472 ranked 2
nd

 and 3
rd

 positions, 

respectively in genotype ranking with rank sum 12 

and 13. So in this experiment AGS383 perform 

better than all other genotypes under drought 

condition.  The cluster analysis showed that the 

genotypes tended to group into two groups with 5 

and 3 genotypes, respectively (Fig. 9). In this 

analysis, the second group performed better and 

was thus considered to be the most desirable 

cluster for both the growing conditions.  

Fig. 8. Seed yield of soybean genotypes under drought and control 
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  Fig. 9. Dendrogram of tested soybean genotypes using Ward’s method  
 

Table 3. Drought tolerance indexes based on agronomic parameters of the soybean genotypes 

Soybean 

genotypes 

Plant 

height 

Leaf 

production 

Pod 

production 

Total 

seeds 

Seeds 

per pod 

100-seed 

weight 

Seed 

yield 

G00006 0.90 0.58 0.64 0.50 0.77 0.68 0.32 

BD2336 0.84 0.96 0.80 0.49 0.62 0.65 0.31 

AGS383 0.99 0.76 0.73 0.60 0.81 0.99 0.81 

BU Soybean1 0.88 0.99 0.05 0.03 0.68 0.53 0.02 

PK472 0.99 0.60 0.35 0.28 0.80 0.83 0.22 

NCS1 0.90 0.78 0.04 0.03 0.73 0.36 0.01 

BCS1 0.84 0.83 0.45 0.37 0.84 0.69 0.25 

BARI Soybean6 0.99 0.81 0.21 0.17 0.82 0.65 0.11 

 

Table 4. Ranking of soybean genotypes for their relative drought tolerance 

Soybean 

genotypes 

Cluster group ranking Rank 

sum 

Genotype 

ranking Plant 

height 

Leaf 

number 

Pod 

number 

Total 

seeds 

Seeds 

per pod 

100-seed 

weight 

Seed 

yield 

G00006 3 3 1 1 3 2 2 15 4 

BD2336 2 2 1 1 2 2 2 12 2 

AGS383 1 1 1 1 1 1 1 7 1 

PK472 1 3 2 2 1 1 3 13 3 

BCS1 2 4 2 2 1 2 3 16 5 

BARI Soybean6 1 4 4 4 1 2 4 20 6 

NCS1 3 1 3 3 3 4 4 21 7 

BU Soybean1 4 2 3 3 4 3 4 23 8 

 
Rescaled Distance Cluster Combine 

    C A S E              0            5         10           15          20          25 

  Label       Number+---------+---------+---------+---------+---------+ 

   

  BCS1                  5   ─┬─────────────┐ 

  NCS1                  7   ─┘                                     ├──────────────────────────────┐ 

  G00006               4   ─┐                                     │                                                                                     │ 

  BARI Soybean6  6   ─┼─────────────┘                                                                                     │ 

  BU Soybean1      8   ─┘                                                                                                                             │  

  BD2336               2   ───┬───────┐                                                                                                │ 

  PK472                  3   ───┘                   ├──────────────────────────────────┘ 
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Conclusions 

Morpho-physiological, yield and yield contributing 

characters of all soybean genotypes were reduced, 

while leaf temperature increased under drought 

condition. The genotype AGS383 produced heavier 

grains and gave improved grain yield under both 

growing conditions. A minimum yield reduction was 

occurred in AGS383 due to drought. A ranking of 

soybean genotypes based on relative drought 

tolerance index showed that AGS383 ranked 1
st
 

among all studied soybean genotypes. Due to high 

grain yielding ability of AGS383, it could be 

cultivated drought prone environment. 
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 We study doubly nonlinear parabolic equation with sign changing 

solutions. We establish the Hölder regularity of the singular parabolic 

equations within a parabolic domain.  

 

 

Introduction 
 
 

Let      and for     define the cylindrical 

doamin              Consider the following 

doubly nonlinear parabolic equation  

                             

                         

where                     is the  -Laplacian. 

For the case     then this operator transforms to 

well known heat equation. In this manuscript, the 

weak solution   is unknown and assumed to be 

locally bounded, real function which depends on 

both the time and space variables namely   and   in 

the cylindrical domain. 

In our context, the term structural data indicates the 

parameters   and  . It is also    

assumed that the constant     , need to be 

evaluated quantitatively apriori in terms of the 

structural data. In addition, deno te           ̅  

    to be the parabolic boundary of the cylindrical 

domain   . For    , consider the follo wing 

backward cylinders of the form               

                                  

         

For the case    , we will call it as   .  

The conclusions to be derived from the discoveries 

presented in this article are summarized as follows.  

Theorem 1.1  

 Let’s consider a bounded domain with a smooth 

boundary, denoted as   . Given that   constitutes a 

local weak solution bounded by (1) in   , it follows 

that   exhibits local Hölder continuity within   . 

Precisely, there exist constants     and        , 

predetermined based on the data, such that for any 

compact subset     , the inequality  

                     

       
(
               

 

 

           
)

 

  

holds true for any pair of points                     

The following oscillation decay will be demonstrated 

as part of the proof of the  

aforementioned theorem:  

                 
                    

 (
 

 
)
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for any pair of cylinders                    

     . A typical covering    

argument can be used to draw the conclusion of 

Theorem 1.1 at the end. 

A weak solution is defined in Definition 3, and 

(Kuusi et al., 2021) examines the weak solution’s 

global existence.  

1.1  Originality and Importance 

 The standard equation (1) is referred to as 

Trudinger’s equation. Because of the nonlinear 

nature of the solution as well as the gradient in its 

spatial domain, the equation is sometimes known as a 

doubly nonlinear parabolic equation. Our choice of 

this particular type of equation for study is 

particularly intriguing because of its excellent 

mathematical  

structure, capable of producing mixed forms of 

degeneracy and/or singularity in partial differential 

equations. It also has connections to physical models, 

such as the dynamics of glaciers in (Mahaffy, 1976), 

shallow water flows in (Alanso et al., 2008; Feng and 

Molz, 1997; Hromadka et al., 1985), and friction-

dominated flow in a gas network in ( Leugering and 

Mophou, 2018). Another natural connection between 

the Trudinger equation and the non-linear eigenvalue 

issue               (Lindgren and Lindqvist, 

2022) is that it is crucial to nonlinear potential 

theory.V. B. Ogelein, F. Duzzar, and N. Liao 

examined the Hölder continuity of signed solutions 

for broader equations under structural constraints in 

(Bogelion et al., 2021). Through Moser’s iteration, 

Trudinger (Trudinger, 1968b) investigates the Hölder 

regularity of this equation and finds that, similar to 

the heat equation, it has a Harnack inequality for 

non-negative weak solutions. This Harnack 

inequality is used in (Kussi et al., 2012a; Kuusi et al., 

2012b) to prove the Hölder regularity of nonnegative 

weak solutions. Now, we have the opportunity to 

discuss our contribution. To ensure Hölder 

regularity, we remove the  constraint of non-

negativity from solutions and instead consider sign-

changing solutions. The Harnack inequality 

(Giannnaza and Vespri, 2006, Urbano, 2008) is not 

applicable in our scenario as it only applies to non-

negative solutions. Instead, we employ the positivity 

expansion to achieve our desired result. 

By comparing the oscillation with the 

supremum/infimum of the solution, our 

demonstration of interior Hölder regularity unfolds in 

two primary cases: when the  

solution approaches zero or when it significantly 

deviates from zero. Utilizing our equation’s 

scaling invariant property, we can derive the 

positivity expansion in the first case. Without the 

use of intrinsic scaling procedures, Proposition 3.1 

is analogous to the classical parabolic theory found 

in (Ladyzenskaja et al., 1968). On the other hand, 

the behavior of the solution in the latter case 

resembles that of the parabolic p-Laplacian 

equation, specifically      . Consequently, 

success in this second scenario depends on our 

ability to handle a degenerate case       or a 

singular case         equation, for which we 

utilize the theory that has already been developed 

in (DiBenedetto, 1993; DiBenedetto et al., 2012). 

The paper (Nakamura and Misawa, 2018) 

illustrates the presence of a weak solution to 

equation (1). Additionally, research into the 

Hölder regularity of doubly nonlinear equations 

has been explored in (Ivanov, 1994, 1995; Ivanov 

and Mkrtychyan, 1994; Kinnunen and Kuusi, 2007; 

Sarkar, 2022; Vespri, 1992; Vespri and Vestberg, 

2020). We want to implement the Theorem 1.1.  

Preliminaries 

We establish certain notations and tools for technical 

analysis that will be utilized subsequently. 

[cf.(Bogelion et al., 2021, DiBenedetto, 2016, 1993, 

1986, 1983, Evans, 1998, Ladyzenskaja et al., 1968, 

Leugering and Mophou, 2018, Trudinger, 1968b )].  

2.1  Notation 

2.1.1  Concept of Local Weak Solution 

Let   be a function belonging to  
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 It is considered a local weak sub(super)-solution to 

(1) if, for every compact subset   of   and each sub-

interval                

∫  
 

                 
   ∬  

         
            

                                                         (3)     

 holds for all non-negative test functions  

      
   

                
 

       
   

      

ensuring the convergence of all integrals in (3). A 

function   satisfying both the conditions of being a 

local weak subsolution and a local weak 

supersolution to (3) is termed a local weak solution. 

2.1.2  Function Spaces on a time-space area 

We define several function spaces that operate in space-

time domains. For        ,              
      

represents a collection of measurable real-valued 

functions defined on         , encompassing a 

finite-region in both space and time and characterized 

by a norm that may not be bounded:  

                     

 {
(∫  

  

  

           
 

   )

   

       

              
                

 

 where  

            

 {(∫  
 

            )

   

       

                       

 

 For simplicity, we use               

            
      when    . For       , the 

Sobolev Space         consists of weakly 

differentiable measurable real-valued functions 

whose weak derivatives are  -th integrable on  , 

with the norm  

            (∫  
 

             )

   

 

 where        
      

  indicates, in a 

distribution sense, the gradient of  , and let  

  
   

    denote the closure of   
     with the norm 

       . Additionally, we define              
   

     

as a function space of measurable real-valued 

functions on a space-time region with a bounded 

norm:  

                
   

     (∫  
  

  

      
       
 

   )

   

 

Consider      as a bounded domain. The 

truncation of a function   for a real number   can be 

expressed as  

                                 

                   

For a measurable function   in       and real 

numbers    , we introduce the sets  

{

                      
                      
                           

 

2.2 Technical tools 

Let’s begin by recalling De Giorgi’s inequality (refer 

to DiBenedetto, 1993). 

Proposition 2.1 (Inequality of De Giorgi)  

Consider           and real numbers     

      satisfying    . Then there exists a 

positive constant   dependent solely on    as well as 

  in a way that  

               

 
    

         
∫  
         

             

 Following the approach in (DiBenedetto, 1993), we 

introduce the auxiliary function  

{
 
 

 
                ∫  

 

 

               

          ∫  
 

 

               

            

 for      . In the special case of    , we 

simplify as                               

         

It’s evident that     . We introduce bold notation 

   to represent the signed  -exponent of  , as 

defined below 
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   {
             
      

 

 We present a known lemma; cf. (Acerbi and Fusco, 

1989, Sarkar, 2023: Lemma 2.2) and   (Giaquinta 

and Modica, 2006) for    . This lemma is utilized 

in the proof of the subsequent lemma: 

Lemma 2.2   

For each positive value of  , there exists a specific 

constant  , denoted as     , for which the inequality 

below holds for any pair of real numbers    :  

 

 
                                    

Building upon the aforementioned lemma, we 

establish the following result.  

Lemma 2.3 

There exists a constant        such that the 

following inequality holds for all       and   

 :  

 

 
                  

        

                    
  

We introduce a type of time mollification for the 

solution   to enhance its time regularity: 

          
    

 
∫  

 

 
 

   

                          

               

Lemma 2.4 (Properties of mollification) 

(Kinnunen and Lindqvist, 2006) 

1. If         , then 

                             and  
  

     
  

 
      

 
         

Moreover,        in        as       

2.  If, additionally,               componentwise,  

                           

  and          in        as      

3.  Furthermore, if      in       , then  

               
      

  
 

     
  

 

  in       . and          in        as      

4.  If        in       , then also              

in       . 

 5.  Similar results hold for weak convergence in 

      . 

6.  Lastly, if      ̅  , then           

  
 

               uniformly in    as    .  

Moving forward, we will employ the following 

energy estimate (as found in Sarkar, 2022).     

We briefly outline the estimate before proceeding 

with the main proof. 

Proposition 2.5  

Assume that   serves as a subsolution in a local 

sense for equation (1). In this context, there exists 

positive constant      in a way that for any cylinders  

                        , the subsequent 

inequality is satisfied for every non-negative 

piecewise smooth cutoff function   that vanishes 

along                 , as well as for any   

 :  

 

                ∫  
          

             

∬  
    

                   

  ∬  

    

                        
          

  ∫  
             

                 

Positivity expansion 

Consider      and a cylinder   
   

          

  . Throughout this section, we will utilize the 

following notations:  

                                           

We also assume that           for defining the 

forward cylinder  

                             

In this context, we present the proposition regarding 

the extension of positivity. The  

complete proof can be found in (Sarkar, 2023).  
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Proposition 3.1   

Given that   is locally limited and acts as a 

sub(super)solution on a local scale for equation (1) 

within the domain   , and for a specific point 

          , as well as for constants  ,  , and  , 

where    , and   belongs to the interval      , 

while     the ensuing conditions are met: (9) and 

                                  

Subsequently, constants    , and   all falling within 

the range of      , can be identified based solely on 

the provided information and the value of  . This 

leads to either  

        

  or  

             

                                      

   
 

 
             

    where  

  {
          
           

 

The proof of Proposition 3.1 follows directly from 

three lemmas presented in    

subsequent sections. Here, we provide the statements 

of these lemmas, which collectively form the 

foundation for proving the expansion of positivity. 

For detailed proofs, please refer to (Sarkar, 2022). 

3.1  Extension of Positivity in Measure 

Lemma 3.2  

Take any positive   and         into account. 

Consequently, there are   and   within the range of 

     , and their values are exclusively determined by 

the provided information and the value of  . In cases 

where   functions as a locally  

restricted sub(super)-solution to equation (1) within 

  , adhering to the condition  

                                  

 we have either  

        

 or  

|{ (         )    }        |  

 

 
|  |                                

3.2  Lemma of shrinking 

Lemma 3.3   

Given the assumptions in Lemma 3.2, the second 

option (10) is true. Let                      

denote the corresponding cylindrical domain, and let 

 ̃                        . A positive 

constant  , which is exclusively dependent on the 

given data and  , exists. This constant is such that for 

any positive integer   , when      , the 

following inequality is legitimate:  

|{        
  

   
}   ̃|  

 

  

   

 

  ̃   

 Similarly, if    , the same result holds when 

           .  

3.3  Lemma of the DeGiorgi type 

Within this section, we introduce a Lemma 

resembling DeGiorgi’s lemma, but it pertains to 

cylinders in the format of      . In the scope of its 

application, the value of the parameter   will be a 

constant universally determined by the provided data. 

Remarkably, this constant   remains unaffected by 

changes in the solution and remains consistent.  

Lemma 3.4  

 Examine a locally bounded function  , which serves 

as a local  

sub(super)-solution to equation     within   . 

Consider the set                

                     . A constant        , 

relying solely on the given data and  , is present. If 

the condition holds that 

|                         |            

  then either        , or 

        
 

 
                         

 
 
     

Main Theorem Proof  

 Proof. Let’s introduce the cylinder           

             . For simplicity, we’ll assume that 
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the origin and         coincide. We begin by noting 

that 

            
                  

       

        

  Our argument proceeds through two main 

scenarios, specifically, 

{
                                   

                                       
     

Notice that       is equivalent to the condition 

            . Consequently,    

       .  

4.1  A decrease in oscillation around zero 

Within this section, we consider the scenario where 

the requirement specified in (11) is valid for the 

initial scenario. It’s crucial to emphasize that one of 

the subsequent possibilities must hold:  

       
 

 
       

 

 
       

 

 
                   

or  

          
 

 
    

 

 
       

 

 
      

We confine ourselves to the case      as both cases 

can be handled similarly. Employing Proposition 3.1 

provides   within the range of       determined 

solely by the provided    information,in a way that  

                       
     

 
    

         
 

 
   

This results in a decrease in oscillation,i,e. we have  

         
              

 We can now proceed with the induction. Assume 

that up to              we have constructed  

{
   

 

 
                       

     
 
    

  
           

    
           

           
      

 

 We consider the situation where the initial condition 

in (11) is valid for all indices   

                  , i.e.,  

  
               

       

 This allows us to reiterate the initial argument, 

which we have done for all             

         
                 

 Thus, by repeating the aforementioned iterative 

inequality, we obtain the following for all values of   

ranging from   to  .  

         
             

  

 
               

        

   
       

 4.2  A decrease in oscillation away from zero 

Assuming that   is the smallest index in this section 

that satisfies the second condition in   (11), meaning 

either           
            

       we will 

consider the case where   
    , as the opposite case 

follows similarly. Given that   marks the initial index 

for this scenario, it implies that          . 

Additionally, an estimation is made: 

  
      

                       

 
   

   
    

 Consequently, we have:  

     
  

   

   
         

  Starting from index  , equation (1) exhibits 

resemblance to a parabolic  -Laplacian equation 

within   , as indicated by condition (14). Hence, the 

ability to solve the parabolic     -Laplacian equation 

plays a role in determining the possibility of reducing 

oscillation. For this purpose, we temporarily omit the 

subscript   from our symbol and define   
 

   across 

the region             . It can be readily 

confirmed that   fulfills:  

   
                                    

where        ,    , and       Additionally,  

                                        

  By leveraging the established regularity theory for 

the parabolic  -Laplacian (see      

DiBenedetto, 1993, DiBenedetto et al., 2012), the 

equation satisfied by         turns out to be more 

amenable, namely,  

                                              

where for        ,    , and       we use  

           (
 

   
)
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It is evident that   occupies the identical 

functional space (2) as   and   because of  (15), 

leading to          in  . Reapplying (15), it 

can be confirmed that there exist positive 

constants       and       such that  

                                          

                  

for almost every        , and any    , and any 

    . This implies that   serves as a regional weak 

solution to the equation resembling the parabolic  -

Laplacian.  

Proposition 4.1 

 For    , let   be a bounded, local, weak solution 

to (1) in      , and define  

 ̃             

 If for some constants   in      , the condition  

                ̃                       

 ̃                                                                                                             

then there exist constants          and     

dependent solely on  ,  ,  ̃ ,  ̃ , and  , such that for 

all         

                ̃ (
 

 
)
  

  

 To apply this proposition suitably for cases where 

     , we initially verify the fulfillment of the 

condition (18). In fact, recollect that   
 

  , 

      , and   

           , using (15) and invoking the mean 

value theorem results in  

                    ̃           

                 

 As           
 

  , this becomes  

         
 

  
  ̃       

 

  
  

 Considering (14), we have  

  
      

   
           ̃           

Since  ̃   , we have         , so the condition 

(18) in proposition 4.1 is fulfilled  for      This 

leads to the conclusion of Proposition 4.1. 

Furthermore, the set inclusion is actually obtained by 

the earlier bound on  ̃:  

                              

Utilizing this set inclusion and rewriting the 

oscillation decay in Proposition 4.1 in terms of  , we 

deduce that for any      ,  

                  
 

 
                         

For the case of      , appropriate rescaling 

produces the desired oscillation decay and finalizes 

the demonstration of Theorem 1.1. 
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 Monitoring wildlife communities in protected areas is pivotal to successful 

conservation efforts. This study employed a direct observations-based 

approach to examine the diversity and  community structure of wildlife in four 

protected deciduous national parks (Ramsagar, Birganj, Singra, and 

Nawabganj) in the northern Dinajpur district of Bangladesh. This study 

assessed the wildlife assemblage structures by measuring α diversity and β 

diversity. This research recorded a total of 159 wildlife species under 29 

orders. Singra National Park displayed the highest species richness (N=73) 

and was found to be more diverse (H=3.36 ± 0.16) and even in distribution 

(J=0.9 ± 0.01). Analysis of Similarity test showed significant differences 

across all study sites (R=0.5216; p=0.0001). Whittaker Plot ranked 

Dendrocygna javanica as dominating, species making the community uneven. 

We found significant differences in species richness among seasons            

(F2, 9=17.8, p=0.0001). For example, winter and rainy seasons were 

significantly richer over summer. This study identified profound human 

intrusions, which could potentially impact wildlife communities in the study 

area. Our findings underscore the conservation efforts to safeguard the 

threatened species in the study area. 

 

Introduction 
 
 

Bangladesh is characterized by diverse, intricate 

ecosystems, including hilly areas, wetlands, plain 

lands, evergreen forests, deciduous forests (locally 

known as Sal forests), and coastal regions. Notably, 

Bangladesh is distinguished by abundant plant 

species, which exhibit exceptional genetic, species, 

and ecosystem diversity, distributed among forests, 

village groves, and dwellings (IUCN Bangladesh, 

2015). Forests and village groves are integral in 

providing various services, such as fruit and nuts, 

fuel and fodder, vegetables, medicinal plants, 

bamboo, numerous other non-wood forest products, 

and valuable timber and wood tree species. Forests 

are invaluable natural resources that serve numerous 

vital functions in nature. Among the major forest 

ecosystems, deciduous forests comprising dry-

deciduous and moist deciduous forests are prominent 

landscapes in central and northern Bangladesh 

(Khan, 2015). Northern Bangladesh is home to only 

14% of the Sal forest, with the remaining 86% in the 

central region (Alam et al., 2008). 

Based on estimates from the Food and Agriculture 

Organization (FAO), it is reported that only 10% of 

Sal forest cover was present in 1990, down from an 

estimated 36% in 1985, indicating a significant 

reduction in Sal forest cover (Haque, 2007). The Sal 

forest has been identified as one of the most 

vulnerable ecosystems in Bangladesh (Alam et al., 

2008). Various anthropogenic and natural threats, 

including overuse, deforestation, invasive species, 

habitat conversion for agriculture, and pollution, are 

causing critical ecosystems to deteriorate in certain 
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forest areas. Consequently, at least 31 wildlife 

species have been extirpated in Bangladesh (IUCN 

Bangladesh, 2015). If these conditions persist, 

wildlife species will likely disappear continuously, 

leading to ecological imbalance and disaster. As a 

result, the flora and fauna of Sal forests might also be 

threatened with extinction risks.  

Regarding biodiversity, Bangladesh is recognized as 

having a considerable abundance of wildlife. For 

example, this country harbors a diverse array of 

fauna, including approximately 133 mammal species, 

711 bird species, 173 reptile species, and 64 

amphibian species (IUCN Bangladesh, 2015; Khan, 

2015; Khan, 2018; Shome et al., 2021). It is 

noteworthy that Bangladesh possesses diverse 

wildlife species due to its geographic location as a 

continental nation with a variety of habitats shared 

with neighboring countries (www.bforest.gov.bd). 

This also instigates the rich biodiversity of northern 

Bangladesh with various forms of microhabitats. 

Still, there is a lack of knowledge and research on the 

wildlife diversity and community structure in the 

existing Sal forests of that particular areas. 

Several studies have been conducted on the diversity, 

status, distribution, threats, and conservation 

strategies of wildlife in different parts of Bangladesh 

at different times (Kabir and Ahmed, 2005; Jaman et 

al., 2015, 2020, 2021, 2022; Shome et al., 2020, 

2021, 2022a, 2022b; Barkat et al., 2021; Rabbe et al., 

2022a, 2022b, 2022c; Saha et al., 2022). The number 

of studies on deciduous forests of northern 

Bangladesh is very limited and done on a preliminary 

basis. For instance, Rimi et al. (2013) and Ali et al. 

(2020) assessed the biodiversity, conservation, and 

management activities in Ramsagar National Park 

and Singra National Park, respectively. Rabbe et al. 

(2022a, 2022b) conducted a study on the 

herpetofaunal diversity, abundance, human 

perception of the herpetofauna, threats to the 

herpetofauna, and conservation measures in Greater 

Dinajpur and Nilphamari districts of Bangladesh. 

The present study was designed to address the 

research gaps in wildlife diversity and community 

structure in the Sal forests of northern Bangladesh. 

The main objective of this study was to quantify 

and compare the diversity, composition, and 

abundance of wildlife in the four deciduous 

protected areas (i.e., National Parks). In addition, 

this study aimed to provide baseline information 

on wildlife and conservation aspects in the study 

area. 

Material and methods 

Study areas 

This study was conducted in four protected 

national parks, namely Ramsagar National Park, 

Birganj National Park, Singra National Park, and 

Nawabganj National Park, under northern Dinajpur 

district from July 2021 to August 2022 (Fig. 1, 

Table 1). These protected areas are dominated by 

deciduous forests, primarily consisting of Sal 

(Shorea robusta) trees. The forests differ in their 

composition of large and small Sal trees, 

grasslands (with a height of less than or equal to    

2 m), bushes and thickets, small canals, roadside 

areas, and a permanent waterbody (dighi only in 

Ramsagar) (Akter et al., 2023; DoF, 2023).  

The microhabitats of the study sites were 

identified through direct observations and 

classified into five distinct categories: Agricultural 

land (AL), which are actively farmed areas for 

rice, corn, and vegetables; Dense vegetation (DG), 

consisting of short, small grassy and bushy 

vegetation with a maximum height of ≤2 m; 

Homestead area (HA), which includes large and 

small trees around residential houses near the 

periphery of the protected area; Trees (T), which 

include plants with a minimum height of  ≥2 m; 

and Waterbody (W), which encompasses shallow 

water channels, small and large ponds, and 

seasonal wetlands. 
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Table 1. Major landscape features and characteristics of habitats in four national parks 

Parameters Ramsagar NP Birganj NP Singra NP Nawabganj NP 

Area(ha) 27.75 168.56 305.69 517.61 

Latitude and 

Longitude 

25°33′17′′N 

88°37′24′′E 

25°51'11"N 

88°39'33"E 

25°53'31"N 

88°33'36"E 

25.4517°N 

89.0534°E 

IUCN category IV IV IV IV 

Declared in 2001 2011 2010 2010 

Major tree – Shorea robusta Shorea robusta Shorea robusta 

Waterbody Permanent and  

large dighi 

Permanent ponds &  

temporary ditches 

Temporary  

canal 

Beel and  

temporary ditches 

Bushes Present Present Present Present 

Human settlements Periphery Inside Inside Periphery 

Microhabitats Agricultural land, Dense vegetation, Homestead area, Trees, Waterbody 

 

Fig. 1. Map of the study area showing the four national parks of northern Dinajpur 

district, Bangladesh. 
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Survey protocol 

Data were systematically collected through direct 

field observations using the line transect method 

following Yallop et al. (2004). Surveys were 

conducted for a minimum of 10 hours each day. The 

whole day was divided into morning (06:00 to 

10:00), afternoon (15:30 to 19:00), and night (21:30 

to 24:00). Each transect had a length of 500 m and a 

width of 50 m. Each transect had five predetermined 

intervals, each spaced 100 meters apart, and 

approximately 20 minutes were allocated at each 

interval point for amphibians' and reptiles' 

observation. A pair of binoculars (Bushnell Power 

view 10x42) was used to facilitate observations of 

mammals and birds. Upon spotting any species, the 

individual count and microhabitat usage were 

recorded. Wildlife species hidden in the bushes, 

jungles, and branches of trees were detected by 

hearing their songs and calls, and then identification 

was confirmed by direct observation. In addition, 

local people were interviewed, and pictorial guides 

were shown to confirm the presence and abundance 

of wild animals, especially turtles and snakes. 

Species were occasionally photographed using 

NIKON D5300 with a 55–200 mm lens for 

identification. To evaluate seasonal changes in 

wildlife diversity, the entire study period was divided 

into three seasons: summer (March-June), rainy 

(July–October), and winter (November–February). 

The guidelines of IUCN Bangladesh (2015) and 

Khan (2018) was followed for the taxonomic 

identification of observed species. 

Data analysis 

To ensure adequate sampling, we constructed a 

species accumulation curve following the rarefaction 

method outlined by Magurran (2013).  

We also calculated sampling completeness by 

following the formula: 

Sample completeness=
                              

                                
 *100 

To assess the α level of diversity status of wildlife in 

each site, we measured Margalef Species richness, 

Pielou’s evenness, and the Shannon–Wiener index. 

The relative abundance (RA) of each species in 

each site was calculated using the formula RA = 

(number of individuals of a particular species) / 

(total number of individuals of all species)×100. 

We also presented the relative abundance of 

wildlife observed in different microhabitats as a 

stacked bar diagram for each study site. To assess 

β diversity (species turnover) between sites, we 

performed an Analysis of Similarities 

(ANOSIM). We used the 'adonis' function from 

the vegan R package (Oksanen et al., 2019).  

A cluster analysis was conducted using the Bray–

Curtis index (Everitt et al., 2011) in PAST version 

3 (Hammer et al., 2001) to examine similarities 

among the different microhabitats. A Whittaker 

rank-abundance diagram was generated by plotting 

the relative abundance against their rank in each 

study site (Whittaker, 1965). To identify 

significant differences among study sites and the 

seasonal variation of wildlife, we performed one-

way ANOVA followed by Dunn’s post-hoc 

comparison test. We checked the normality of the 

data using Q-Q plots, the Shapiro–Wilk Test, and 

histograms. All statistical analyses were performed 

using relevant statistical packages in R 4.0.5 (R 

Core Team 2020), and the ggplot2 package was 

used for plotting (Wickham, 2016). 

Results and Discussion 

Sampling completeness, species diversity, 

and composition  

A total of 159 wildlife species were recorded 

during the study period, belonging to 64 families 

under 23 orders. The species accumulation curves 

indicated that the survey was sufficiently 

comprehensive and that sampling efforts were 

adequate (Fig. 2). 
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Of the 159 wildlife species recorded during the study 

period, 119 were birds, 12 were amphibians, 10 were 

mammals, and 18 were reptiles (Table 3). A total of 

2966 individuals of these 159 species were observed. 

Singra National Park had the highest species richness 

(N=73), followed by Ramsagar National Park 

(N=71), Nawabganj National Park (N=70), and the 

lowest in Birganj National Park (N=68). The average 

number of wildlife species observed per day did not 

differ significantly among study sites (F3, 8=0.11, p = 

0.95). Singra National Park had the highest average 

number of observed wildlife species per day 

(43±8.71), followed by Ramsagar National Park 

(40±13), Nawabganj National Park (40±10.44), and 

Birganj National Park (38.33±7.50) (Fig. 3). 

However, the relative abundances of wildlife varied 

among different microhabitats. Agricultural land was 

the most abundant in Birganj National Park. In 

contrast, the "Tree" microhabitat was relatively 

abundant in Nawabganj and Singra National Park. 

Lastly, wildlife inhabiting waterbodies was the most. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

abundant in Ramsagar National Park. (Fig. 4). 

Shannon-Wiener diversity index (H) showed that 

Singra National Park had the highest species 

diversity (H=3.36±0.16), followed by Nawabganj 

National Park (H=3.25±0.28), Ramsagar National 

Park (H=2.77±0.86), and the lowest in Birganj 

National Park (H= 2.73±0.79). However, the average 

Shannon-Wiener diversity index did not vary 

significantly among study sites (F3, 8=0.846, p=0.50) 

(Fig. 3). Pielou’s Evenness further indicated that 

species in Singra National Park (J=0.9±0.01) and 

Nawabganj National Park (J= 0.89±0.08) were more 

evenly distributed compared to Birganj National Park 

(J=0.76±0.24) and Ramsagar National Park 

(J=0.75±0.19). This unevenness of species 

community was also illustrated in the Whittaker Plot 

(Fig. 5) and the most dominating species were 

Dendrocygna javanica (RA=40.314%) in Ramsagar 

National Park, Euphlyctis cyanophlyctis 

(RA=36.506%) in Birganj National Park and Sturnus 

contra in Nawabganj National Park (RA=18.526%) 

and Singra National Park (RA=8.998%).  

Fig. 2. Species accumulation curve of the study sites. The X-axis has been scaled to show the 

number of days studied. 
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Fig. 3. Boxplot of Alpha-diversity indices, Margalef Richness, and number of observed species in four 

study sites A, Number of species; B, Margalef Richness C, Shannon-Wiener Index (H) D, Pielou’s 

Evenness (J). 

 

Fig. 4. Histogram of relative abundance of wildlife among study sites. The X-axis represents study 

sites, and the Y-axis represents the relative abundance of wildlife occupying different 

microhabitats. 
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The study revealed a seasonal variation in species 

composition; the winter season had the highest 

number of recorded wildlife species (115). Still, 

the number of individuals was highest in the rainy 

season (1316 individuals). ANOVA indicated a 

significant difference in wildlife species richness 

among seasons (F2,9=17.8, p=0.0001), and the 

winter season (46.75±6.34) and the rainy season 

(44.5±3.10)  were significantly richer than the 

summer season (29.75±2.75) (p<0.05). Similarly, 

significant variation was seen among seasons for  

 Margalef Richness (F2,9=9, p=0.001) and the 

winter season and summer season were 

significant over the summer season (p<0.05). 

Although the Shannon-Wiener index calculated 

the overall highest diversity in winter (H=3.845), 

it did not differ significantly (F2, 9=0.57, p>0.05) 

among seasons (Fig. 6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The beta diversity pattern was analyzed using the 

Analysis of Similarity (ANOSIM) test, 

demonstrating a statistically significant difference in 

wildlife communities across all sites (R=0.5216; 

p=0.0001). However, no significant differences 

were observed between sites in pairwise 

comparisons at p<0.05 (Table 2).  

Cluster analysis showed one distinct cluster 

between "Tree" and "Agricultural land," 

indicating they shared the most species 

community. The dendrogram revealed that this 

group formed a tight cluster with the "Homestead 

area," which also had considerable similarities in 

the species community. In addition, the 

dendrogram demonstrated that the most distinct 

species communities were observed in 

"Waterbody" and "Dense vegetation" during the 

study period (Fig. 7). 

 

Fig. 5. Whittaker plot representing the abundance rank of wildlife species in the study sites. 
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Fig. 6. Seasonal variation in diversity indices- A, Number of Species; B, Margalef species 

Richness; C, Shannon-Wiener Index; D, Pielou Evenness 

 

Fig. 7. Dendrogram showing species community similarities among microhabitats based on 

Bray–Curtis Index 
 

Table 2. Pairwise comparison among study sites based on the ANOSIM test. Bonferroni-

corrected p values are used. 
 

  National parks Birganj Nawabganj  Ramsagar  

Nawabganj  R=0.44; p=0.09   

Ramsagar  R=0.26; p=0.19 R=0.74; p=0.10  

Singra  R=0.40; p=0.10 R=0.81; p=0.10 R=0.85; p=0.09 
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   Family Scientific name Common name n 
RA 

(%) 

Site-wise RA (%) 

BNP NNP RNP SNP 

                                                                                          Class: Amphibia 

Bufonidae Duttaphrynus 

melanostictus 

Common Toad 28 0.90 1.30 0.00 0.80 1.40 

Dicroglossidae Euphlyctis cyanophlyctis Skipper Frog 445 15.00 36.50 1.60 0.60 7.60 

Dicroglossidae Euphlyctis 

kalasgramensis 

Kalasgram Skipper Frog 281 9.50 23.20 1.40 0.20 4.30 

Dicroglossidae Fejervarya asmati Asmat’s Cricket Frog 68 2.30 5.30 1.20 0.20 0.60 

Dicroglossidae Fejervarya nipalensis Nepal Wart Frog 25 0.80 1.10 0.40 0.40 1.40 

Dicroglossidae Fejervarya pierrei Pierre’s Cricket Frog 10 0.30 0.50 0.60 0.00 0.40 

Dicroglossidae Fejervarya teraiensis Terai Wart Frog 10 0.30 0.30 0.40 0.00 1.00 

Dicroglossidae Hoplobatrachus crassus Jerdons Bullfrog 2 0.10 0.20 0.00 0.00 0.00 

Dicroglossidae Hoplobatrachus tigerinus Indian Bullfrog 18 0.60 1.00 0.40 0.00 1.00 

Microhylidae Microhyla sp Narrow-mouthed Frog 6 0.20 0.50 0.00 0.00 0.20 

Rhacophoridae Polypedates  

maculatus 

Maculated Tree Frog 3 0.10 0.20 0.20 0.00 0.00 

Rhacophoridae Polypedates leucomystax Common Tree Frog 6 0.20 0.20 0.60 0.00 0.20 

                                                                                          Class: Reptilia 

Agamidae Calotes versicolor Common Garden Lizard 6 0.20 0.10 0.60 0.00 0.40 

Colubridae Ahaetulla nasuta Common Vine Snake 2 0.10 0.20 0.00 0.00 0.00 

Colubridae Dendrelaphis pictus Common Bronze-back 1 0.00 0.00 0.00 0.00 0.20 

Colubridae Enhydris enhydris Common Smooth-

scaled Water Snake 

1 0.00 0.00 0.20 0.00 0.00 

Colubridae Lycodon aulicus Common Wolf Snake 1 0.00 0.10 0.00 0.00 0.00 

Colubridae Ptyas mucosa Indian Rat Snake 2 0.10 0.20 0.00 0.00 0.00 

Colubridae Xenochrophis 

cerasogaster 

Painted Keelback 1 0.00 0.10 0.00 0.00 0.00 

Colubridae Xenochrophis piscator Checkered Keelback 2 0.10 0.00 0.00 0.10 0.20 

Elapidae Naja naja Binocellate Cobra 2 0.10 0.20 0.00 0.00 0.00 

Gekkonidae Gekko gecko Tokay Gecko 1 0.00 0.00 0.20 0.00 0.00 

 

Table 3. Class, family, species names, abundance (n), and relative abundance (RA) of observed 

vertebrate wildlife in four study sites 
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 Family Scientific name Common name n RA 

(%) 

Site-wise RA (%) 

BNP NNP RNP SNP 

Gekkonidae Hemidactylus 

brookii 

Brook's House Gecko 2 0.10 0.00 0.40 0.00 0.00 

Gekkonidae Hemidactylus 

frenatus 

Common House Gecko 1 0.00 0.00 0.20 0.00 0.00 

Scincidae Eutropis carinata Common Skink 2 0.10 0.00 0.00 0.00 0.40 

Scincidae Eutropis macularia Bronze Grass Sking 1 0.00 0.10 0.00 0.00 0.00 

Trionychidae Lissemys punctata Spotted Flapshell Turtle 1 0.00 0.10 0.00 0.00 0.00 

Typhlopidae Argyrophis diardii Diard’s Blindsnake 2 0.10 0.20 0.00 0.00 0.00 

Varanidae Varanus bengalensis Bengal Monitor 1 0.00 0.00 0.00 0.00 0.20 

Varanidae Varanus flavescens Yellow Monitor 1 0.00 0.10 0.00 0.00 0.00 

                                                                        Class: Aves 

Accipitridae Accipiter badius Shikra 3 0.10 0.00 0.00 0.00 0.60 

Accipitridae Buteo rufinus Long-legged Buzzard 1 0.00 0.00 0.00 0.10 0.00 

Accipitridae Circus spilonotus Eastern Marsh-harrier 1 0.00 0.00 0.20 0.00 0.00 

Accipitridae Clanga hastata Indian Spotted Eagle 1 0.00 0.00 0.00 0.10 0.00 

Accipitridae Elanus caeruleus Black-winged Kite 1 0.00 0.00 0.00 0.10 0.00 

Accipitridae Haliastur indus Brahminy Kite 2 0.10 0.00 0.00 0.20 0.00 

Accipitridae Ichthyophaga 

ichthyaetus 

Grey-headed Fish-eagle 8 0.30 0.00 0.60 0.60 0.00 

Accipitridae Milvus migrans Black Kite 3 0.10 0.00 0.00 0.00 0.60 

Accipitridae Nisaetus cirrhatus Changeable Hawkeagle 1 0.00 0.00 0.00 0.10 0.00 

Accipitridae Pernis  

ptilorhyncus 

Oriental Honey Buzzard 8 0.30 0.00 0.00 0.80 0.20 

Accipitridae Spilornis cheela Crested Serpent Eagle 1 0.00 0.00 0.00 0.00 0.20 

Aegithinidae Aegithina tiphia Common Iora 8 0.30 0.00 0.00 0.90 0.00 

Alcedinidae Alcedo atthis Common Kingfisher 26 0.90 0.70 2.00 0.90 0.00 

Alcedinidae Ceryle rudis Pied Kingfisher 2 0.10 0.00 0.40 0.00 0.00 

Alcedinidae Halcyon smyrnensis White-breasted  

Kingfisher 

28 0.90 0.70 1.80 1.20 0.00 

Alcedinidae Pelargopsis capensis Stork-billed Kingfisher 1 0.00 0.00 0.00 0.10 0.00 
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Family Scientific name Common name n RA 

(%) 

Site-wise RA (%) 

BNP NNP RNP SNP 

Alcedinidae Psilopogon asiaticus Blue-throated Barbet 2 0.10 0.00 0.00 0.20 0.00 

Anatidae Dendrocygna javanica Lesser Whistling Duck 360 12.10 0.00 0.00 40.30 0.00 

Anatidae Nettapus 

coromandelianus 

Cotton Pygmy-goose 5 0.20 0.00 0.00 0.60 0.00 

Anatidae Spatula querquedula Gargeny 1 0.00 0.00 0.00 0.10 0.00 

Apodidea Apus nipalensis House Swift 2 0.10 0.00 0.40 0.00 0.00 

Apodidea Cypsiurus  

balasiensis 

Asian Palm Swift 5 0.20 0.00 0.00 0.60 0.00 

Ardidae Ardeola grayii Indian Pond Heron 62 2.10 1.70 2.80 1.80 2.90 

Ardidae Bubulcus ibis Cattle Egret 8 0.30 0.00 1.60 0.00 0.00 

Ardidae Egretta garzetta Little Egret 14 0.50 0.00 2.80 0.00 0.00 

Ardidae Nycticorax nycticorax Black-crowned Night 

Heron 

4 0.10 0.40 0.00 0.00 0.00 

Artamidae Artamus fuscus Ashy Woodswallow 9 0.30 0.00 1.80 0.00 0.00 

Campephagidae Coracina macei Large Cuckooshrike 8 0.30 0.00 0.00 0.00 1.60 

Campephagidae Coracina melanoptera Black-headed 

Cuckooshrike 

4 0.10 0.20 0.00 0.00 0.40 

Campephagidae Coracina melaschistos Black-winged 

Cuckooshrike 

3 0.10 0.00 0.00 0.30 0.00 

Campephagidae Pericrocotus  

cinnamomeus 

Small Minivet 18 0.60 0.00 0.00 2.00 0.00 

Campephagidae Tephrodornis  

pondicerianus 

Common Woodshrike 5 0.20 0.00 0.00 0.40 0.20 

Caprimulgidae Caprimulgus  

macrurus 

Long-tailed Nightger 2 0.10 0.00 0.00 0.20 0.00 

Chardridae Charadrius dubius Little Ringed Plover 3 0.10 0.00 0.60 0.00 0.00 

Chardridae Tringa glareola Wood Sandpiper 3 0.10 0.00 0.60 0.00 0.00 

Chardridae Vanellus cinereus Grey-headed Lapwing 2 0.10 0.00 0.40 0.00 0.00 

Chardridae Vanellus indicus Red-wattled Lapwing 15 0.50 0.30 0.80 0.30 1.00 

Ciconidae Anastomus oscitans Asian Openbill 15 0.50 0.00 0.00 0.00 3.10 

Cicticolidae Cisticola juncidis Zitting Cisticola 5 0.20 0.30 0.40 0.00 0.00 

Cicticolidae Prinia gracilis Graceful Prinia 4 0.10 0.00 0.00 0.00 0.80 

Cicticolidae Prinia hodgsonii Grey-breasted Prinia 6 0.20 0.00 1.20 0.00 0.00 

Cicticolidae Prinia inornata Plain Prinia 5 0.20 0.00 0.00 0.00 1.00 

Columbidae Columba livia Rock Dove 13 0.40 0.50 0.80 0.40 0.00 

Columbidae Spilopelia chinensis Eastern Spotted Dove 38 1.30 0.00 4.00 0.90 2.00 

Columbidae Streptopelia decaocto Eurasian Collared Dove 17 0.60 0.60 0.00 0.00 2.00 

Columbidae Streptopelia 

tranquebarica 

Red Turtle Dove 2 0.10 0.20 0.00 0.00 0.00 

Columbidae Treron phoenicopterus Yellow Footed Green 

Pigeon 

19 0.60 0.00 0.00 0.80 2.50 

Coracidae Coracias benghalensis Indian Roller 3 0.10 0.00 0.20 0.00 0.40 

Corvidae Corvus  splendens House Crow 4 0.10 0.00 0.00 0.20 0.40 

 



  
Jaman et al./J. Bangladesh Acad. Sci. 47(2); 249-265: December 2023                    

260 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Family Scientific name Common name n RA 

(%) 

Site-wise RA (%) 

BNP NNP RNP SNP 

Corvidae Corvus levaillantii Jungle Crow 13 0.40 0.50 0.00 0.90 0.00 

Corvidae Dendrocitta vagabunda Rufous Treepie 39 1.30 0.90 2.00 1.30 1.40 

Cuculidae Centropus  sinensis Greater Coucal 2 0.10 0.00 0.00 0.20 0.00 

Cuculidae Eudynamys scolopaceus Western Koel 4 0.10 0.00 0.00 0.40 0.00 

Cuculidae Hierococcyx varius Common Hawk-Cuckoo 20 0.70 0.00 1.80 0.00 2.20 

Cuculidae Phaenicophaeus tristis Green-billed Malkoha 1 0.00 0.00 0.00 0.00 0.20 

Dicaeidae Dicaeum  

erythrorhynchos 

Pale-billed  

Flowerpecker 

9 0.30 0.00 0.80 0.60 0.00 

Dicruridiae Dicrurus hottentottus Hair-crested Drongo 30 1.00 0.50 1.60 0.20 3.10 

Dicruridiae Dicrurus  

leucophaeus 

Ashy Drongo 7 0.20 0.30 0.20 0.30 0.00 

Dicruridiae Dicrurus  

macrocercus 

Black Drongo 25 0.80 0.00 3.20 1.00 0.00 

Dicruridiae Dicrurus aeneus Bronzed Drongo 11 0.40 0.20 0.60 0.40 0.40 

Estrilidae Lonchura malabarica White-throated Munia 2 0.10 0.00 0.00 0.20 0.00 

Estrilidae Lonchura punctulata Scaly-breasted Munia 6 0.20 0.20 0.00 0.00 0.80 

Estrilidae Lonchura striata White-rumped Munia 6 0.20 0.20 0.80 0.00 0.00 

Falconidae Falco chicquera Red-headed Falcon 1 0.00 0.00 0.20 0.00 0.00 

Herundinidae Hirundo rustica Barn Swallow 2 0.10 0.00 0.40 0.00 0.00 

Jacanidae Hydrophasianus 

chirurgus 

Pheasant-tailed Jacana 13 0.40 0.00 2.60 0.00 0.00 

Jacanidae Metopidius indicus Bronze-winged Jacana 5 0.20 0.00 1.00 0.00 0.00 

Lanidae Lanius cristatus Brown Shrike 7 0.20 0.20 0.40 0.10 0.40 

Lanidae Lanius schach Long-tailed Shrike 4 0.10 0.00 0.00 0.00 0.80 

Lanidae Lanius tephronotus Grey-backed Shrike 2 0.10 0.00 0.20 0.10 0.00 

Megalaimida

e 

Psilopogon 

haemacephala 

Coppersmith Barbet 10 0.30 0.00 1.20 0.00 0.80 

Meropidae Merops orientalis Asian Green Bee-eater 10 0.30 0.00 0.00 1.10 0.00 

Monarchidae Terpsiphone paradisi Asian Paradise-Flycatcher 2 0.10 0.00 0.00 0.20 0.00 

Motacilidae Anthus rufulus Paddyfield Pipit 2 0.10 0.10 0.00 0.00 0.20 

Motacilidae Motacilla  

madaraspatensis 

White-browed Wagtail 4 0.10 0.00 0.00 0.10 0.60 

Motacilidae Motacilla alba White Wagtail 17 0.60 0.00 1.40 0.00 2.00 

Motacilidae Motacilla citreola Citrine Wagtail 2 0.10 0.00 0.20 0.10 0.00 

Motacilidae Motacilla flava Yellow Wagtail 1 0.00 0.00 0.00 0.10 0.00 

Muscicapidae Copsychus saularis Oriental Magpie-robin 45 1.50 1.10 1.60 1.30 2.70 

Muscicapidae Culicicapa  

ceylonensi 

Grey-headed Canary-

flycatcher 

4 0.10 0.40 0.00 0.00 0.00 

Muscicapidae Eumyias thalassina Verditer Flycatcher 2 0.10 0.00 0.00 0.00 0.40 

Muscicapidae Ficedula albicilla Taiga Flycatcher 6 0.20 0.40 0.00 0.20 0.00 

Nectarinidae Nectarinia  asiatica Purple Sunbird 10 0.30 0.00 2.00 0.00 0.00 

Pandionidae Pandion  haliaetus Osprey 2 0.10 0.00 0.20 0.00 0.20 
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   Family Scientific name Common name n RA 

(%) 

Site-wise RA (%) 

BNP NNP RNP SNP 

Paridae Parus major Great Tit 32 1.10 0.70 2.40 0.40 1.60 

Passeridae Passer domesticus House Sparrow 19 0.60 0.70 0.00 0.40 1.40 

Phalacrocoracidae Microcarbo niger Little Cormorant 106 3.60 0.60 1.80 9.10 2.00 

Picidae Chrysocolaptes 

guttacristatus 

Greater Flameback 1 0.00 0.00 0.00 0.10 0.00 

Picidae Dendrocopos  macei Fulvous-breasted  Woodpecker 6 0.20 0.00 0.00 0.00 1.20 

Picidae Dinopium  

benghalense 

Black-rumped  Flameback 27 0.90 0.70 0.00 1.00 2.00 

Picidae Picus xanthopygaeus Streak-throated  Woodpecker 6 0.20 0.00 0.00 0.00 1.20 

Ploceidae Ploceus philippinus Baya Weaver 10 0.30 0.00 1.00 0.00 1.00 

Pycnonotidae Pycnonotus cafer Red-vented Bulbul 71 2.40 0.80 0.00 3.80 5.70 

Rallidae Amaurornis  

phoenicurus 

White-breasted  Waterhen 9 0.30 0.40 1.00 0.00 0.00 

Scolopacidae Actitis  hypoleucos Common Sandpiper 1 0.00 0.00 0.20 0.00 0.00 

Scolopacidae Calidris minuta Little Stint 2 0.10 0.00 0.40 0.00 0.00 

Scolopacidae Calidris temminckii Temminck’s Stint 5 0.20 0.00 0.00 0.60 0.00 

Scolopacidae Gallinago  gallinago Common Snipe 2 0.10 0.00 0.40 0.00 0.00 

Scolopacidae Gallinago stenura Pin-tailed Snipe 1 0.00 0.00 0.00 0.10 0.00 

Scolopacidae Tringa ochropus Green Sandpiper 1 0.00 0.00 0.20 0.00 0.00 

Sturnidae Acridotheres  fuscus Jungle Myna 9 0.30 0.50 0.00 0.40 0.00 

Sturnidae Acridotheres tristis Common Myna 25 0.80 1.00 0.00 1.60 0.00 

Sturnidae Acridotheres 

ginginianus 

Bank Myna 5 0.20 0.20 0.60 0.00 0.00 

Sturnidae Sturnus malabaricus Chestnut-tailed Starling 68 2.30 2.70 3.60 2.40 0.00 

Sturnidae Sturnus contra Asian Pied Starling 210 7.10 2.30 18.50 5.40 8.99 

Sylvidae Acrocephalus 

dumetorum 

Blyth’s Reed-warbler 1 0.00 0.00 0.00 0.00 0.20 

Sylvidae Acrocephalus stentoreus Clamorous Reedwarbler 1 0.00 0.10 0.00 0.00 0.00 

Sylvidae Megalurus  palustris Striated Grassbird 2 0.10 0.00 0.40 0.00 0.00 

Sylvidae Orthotomus  sutorius Common Tailorbird 34 1.10 0.90 3.20 0.00 1.60 

Sylvidae Phylloscopus  fuscatus Dusky Warbler 4 0.10 0.10 0.00 0.20 0.20 

Sylvidae Phylloscopus  

trochiloides 

Greenish Warbler 1 0.00 0.00 0.00 0.00 0.20 

Timalidae Malacocincla abbotti Abbott’s Babbler 10 0.30 0.30 0.00 0.00 1.40 

Timalidae Turdoides striata Jungle Babbler 146 4.90 3.00 7.60 4.80 6.70 

Turdidae Zoothera citrina Orange-headed Thrush 6 0.20 0.00 1.20 0.00 0.00 

Turdidae Zoothera dauma Eurasian Scaly Thrush 1 0.00 0.00 0.00 0.00 0.20 

Class: Mammalia 

Canidae Canis aureus Golden Jackal 9 0.30 0.30 0.00 0.40 0.40 

Canidae Vulpes bengalensis Bengal Fox 11 0.40 0.30 0.00 0.00 1.60 

Cercopithecidae Macaca mulatta Rhesus Macaque 4 0.10 0.20 0.00 0.00 0.40 

Felidae Prionailurus viverrinus Fishing Cat 1 0.00 0.00 0.00 0.00 0.20 

Megadermatidae Megaderma lyra Greater False Vampire 2 0.10 0.00 0.00 0.20 0.00 

Muridae Bandicota bengalensis Lesser Bandicoot Rat 1 0.00 0.00 0.00 0.00 0.20 

Muridae Bandicota indica Large Bandicoot Rat 2 0.10 0.00 0.00 0.20 0.00 

Muridae Mus musculus House Mouse 1 0.00 0.00 0.00 0.10 0.00 

Pteropodidae Pteropus giganteus Indian Flying Fox 11 0.40 0.60 0.00 0.00 0.80 

Sciuridae Funambulus pennantii 
Five-striped Palm 

Squirrel 
8 0.30 0.00 1.60 0.00 0.00 

Abbreviations: n = number of individuals; RA = Relative Abundance; BNP = Birganj National Park; NNP = Nawabganj 
National Park; RNP = Ramsagar National Park; SNP = Singra National Park. 
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In discussion, wildlife is an essential indicator of 

ecosystem health and habitat heterogeneity 

(Pomeroy, 1992; Gonzalez-Gajardo et al., 2009; 

Lorenzón et al., 2016). It is frequently utilized in 

conservation planning and monitoring efforts 

(Kandel et al., 2018; Woldemariam et al., 2018; 

Priambodo et al., 2019), and serves as a crucial 

measure of habitat significance as the number of 

species and individuals present in a given area can 

provide valuable insights into potential biological 

hotspots that require conservation efforts (Mengesha 

and Bekele, 2008). Therefore, effective conservation 

efforts in biological hotspots and protected areas 

necessitate continuous monitoring of the wildlife 

community and identification of potential threats. 

The current study provides valuable baseline data on 

wildlife that can lay the foundation for future 

monitoring efforts. The study by Rimi et al. (2013) 

revealed the presence of 38 birds and miscellaneous 

fauna in Ramsagar National Park, while Ali et al. 

(2020) documented 28 animal species in Singra 

National Park. In comparison, the current study 

recorded 159  species, indicating sampling gaps in 

prior research. To evaluate patterns of vertebrate 

diversity at alpha and beta levels, this study 

examined species richness, composition, and 

abundance within and between study sites and 

microhabitats. The results indicate that the highest 

species diversity was observed in Ramsagar National 

Park and Singra National Park. Ramsagar National 

Park, characterized by a large water body and dense 

vegetation, serves as an essential stopover and 

wintering ground for numerous migratory waterbird 

species, including Greylag Goose (Anser anser), as 

previously reported by Rimi et al. (2013). 

Additionally, we observed another migratory bird, 

Gargeny (Spatula querquedula), from the study site. 

On the other hand, Singra National Park, with its 

dense vegetation and forest patches containing 

various tree species, provides suitable habitat for 

wildlife species (Ali et al., 2020; Rabbe et al., 

2022a). The large water body in Ramsagar National 

Park is enriched with benthic organisms, mollusks, 

crustaceans, and freshwater worms (Rimi et al., 

2013), which serve as adequate food sources for 

many waterbird species. As a result, species such as 

Dendrocygna javanica (RA=40.30%, n=360) and 

Microcarbo niger (RA=9.10%, n=106) were found to 

be the most dominant. These species created an 

uneven wildlife community in Ramsagar National 

Park. In Singra National Park, however, there wasn't 

any single dominant species, and the species 

community was also evenly distributed according to 

Pielou’s evenness (J=0.9±0.01) and Whittaker’s Plot 

(Fig. 5). The most relatively abundant species in 

Singra National Park were Sturnus contra 

(RA=8.99%, n=44), Euphlyctis cyanophlyctis 

(RA=7.6%, n=37), and Turdoides striata (RA=6.7%, 

n=33). The Whittaker plot also showed high 

dominance and low evenness in the other two sites 

(Fig. 5). In the case of the Birganj National Park, 

most of the forest areas have been encroached on and 

turned into agricultural land for farming (Rahman et 

al., 2022). Thus, most amphibian species were 

observed near the agricultural fields (RA=41.82%) 

and nearby waterbodies used specially for breeding 

during this study. The most dominant species in this 

site were Euphlyctis cyanophlyctis (RA=36.5%, 

n=395) and Euphlyctis kalasgramensis (RA=23.20%, 

n=251). Finally, Nawabganj National Park, which 

had a similar habitat heterogeneity to the Singra 

National Park, didn’t support any dominant species 

except a habitat generalist like Sturnus contra 

(RA=18.50%), and that's why the wildlife 

community was more evenly distributed compared 

to Ramsagar National Park and Nawabganj National 

Park. 

Seasonal changes have been found to impact avian 

diversity significantly (Canepuccia et al., 2007; 

Neelgund and Kadadevaru, 2020), largely due to 

seasonal migrations that alter the composition of 

wildlife communities within a given study area. In 

addition, the foraging behavior of different avian 

species is also influenced by seasonal changes; 

insectivorous birds tend to consume more insects, 

fruit-eating birds forage for fruit, and nectar-feeding 

birds seek out nectar from blooming flowers during 

the winter season (Khan, 2015). Across all four study 
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sites, the number of observed species and Margalef 

species richness significantly increased during the 

winter, largely due to the influx of migratory birds to 

the study area. This pattern is consistent with 

findings from other studies conducted in various 

parts of Bangladesh, where species richness has been 

shown to increase during the winter months (Jaman 

et al., 2015; 2022; Saha et al., 2022) due to the 

presence of migratory birds, from both Central Asian 

and East Asia/Australasia flyways. Conversely, 

species richness decreased during the warmer months 

as migratory waterbirds left the area. 

Based on the Analysis of Similarity (ANOSIM) 

performed on the study sites, significant differences 

were observed among the wildlife communities of 

all sites. Differences in habitat heterogeneity, 

microhabitats, and resource availability typically 

contribute to variations in wildlife communities 

(Jaman et al., 2022; Saha et al., 2022). However, 

since the four studied national parks are closely 

located and exhibit similar habitat structures and 

patches, the occupying wildlife communities were 

found to be not significantly different from one 

another in pairwise comparison. 

The primary factors contributing to the loss of 

biodiversity are habitat degradation, including 

changes in land use, the conversion of agricultural 

lands, the priority of alien invasive species, 

urbanization, the expansion of road networks, and 

unplanned development (Khan, 2015). Most 

ecosystems have been harmed by artificial activities 

like embankments, overuse of resources, such as 

unauthorized fishing, illegal logging, encroachment, 

hunting, indiscriminate removal of non-timber 

forest products, and environmental pollution (IUCN 

Bangladesh, 2015). During the study period, some 

threats were identified in the study areas, like 

deforestation and anthropogenic developments in 

Singra National Park, agricultural expansion in 

Birganj National Park and Nawabganj National 

Park, and lastly, Sound and Water pollution in 

Ramsagar National Park. As these study sites harbor 

one near-threatened (Hoplobatrachus crassus), two 

vulnerable (Vulpes bengalensis and Macaca 

mulatta), and one endangered (Prionailurus 

viverrinus) species, it is crucial to implement 

appropriate conservation measures to minimize 

these perceived threats and protect these vibrant and 

diverse protected forests.  

Conclusions 

The present study provides valuable information on 

the diversity of vertebrate wildlife in four protected 

national parks in Bangladesh, which can serve as 

baseline data for future wildlife conservation efforts. 

The study examined these species' alpha and beta 

diversity patterns across different study sites and 

microhabitats. Human intrusion was identified as a 

major anthropogenic stressor that might threaten the 

species community in these protected areas. 

However, further research is needed to comprehend 

the full impact of these stressors. The study's results 

hold significant implications for future biodiversity 

surveys, monitoring programs, and the development 

a comprehensive management plan for the 

conservation of wildlife communities in these four 

national parks. 
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 This study investigates the effectiveness of oyster mushroom (Pleurotus 

platypus) for the removal of Cr(III) and Cr(VI) from aqueous solutions by 

conducting a series of batch adsorption experiments. Results from the 

adsorption pH envelope experiments show that while the adsorption of 

Cr(III) increases with increasing pH, the adsorption of Cr(VI) decreases as 

the pH rises. These two distinct pH envelope patterns for Cr(III) and Cr(VI) 

suggest that the adsorption processes are primarily driven by the 

electrostatic force of attractions followed by the ligand exchange process. 

Findings from the adsorption isotherm experiments demonstrate that 

chromium binding to the adsorbent surface is better described by the 

Freundlich model than the Langmuir model, underscoring the presence of 

multiple surface binding sites. The study highlights the significance of 

identifying dominant chromium species before they are subjected to 

adsorptive removal from contaminated waters. 
 

Introduction 
 
 

Heavy metals generally enter natural environments 

(e.g., water and soil) by weathering rocks and 

minerals (Bradl, 2005; Finlay et al., 2019). 

Nevertheless, anthropogenic activities including 

mining, smelting, combustion of fossil fuel, and the 

improper discharge of untreated industrial wastes can 

lead to excessive metal presence in various 

environmental compartments (Bradl, 2005; Wuana 

and Okieimen, 2011). Once heavy metals enter 

natural systems, the system's recovery becomes 

challenging, often relying on natural attenuation for 

restoration. Generally, organic and inorganic wastes 

often contaminate natural environments near 

industrial sites (Khan et al., 2011; Rahman et al., 

2014). Therefore, reusing treated water is another 

option for reducing environmental pollution.  

Conventional water treatment methods commonly used 

to remove heavy metals from contaminated waters 

include reverse osmosis, ion exchange, membrane 

filtration, electro-dialysis etc. (Azimi et al., 2017; 

Carolin et al., 2017). While ion exchange and 

membrane filtration methods are highly effective, they 

are costly and often impractical for commercial use. 

An alternative approach is the coagulation-

precipitation method, which can effectively remove 

organic and inorganic pollutants from contaminated 

water. This method offers relative affordability and 

ease of design but may generate a substantial volume 

of sludge. Additionally, metal ions from contaminated 

waters can be successfully removed by adsorption 

filtration techniques (Bhatnagar and Sillanpää, 2010; 

Bhatti et al., 2007; Kumari et al., 2006; Nuhoglu et al., 

2002; Reddy et al., 2011, 2010; Say      et al., 2001; 

Vimala and Das, 2009). 
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Besides the typical chemical adsorption methods, 

biosorption has emerged as an attractive and viable 

alternative for mitigating environmental pollution 

from industrial wastewater (Alluri et al., 2007; 

Bhatnagar and Sillanpää, 2010; Kanamarlapudi et 

al., 2018; Say et al., 2001). Typical biosorbents 

consist of lignin, cellulose, and proteins with 

various surface functional groups such as 

hydroxyl, carboxyl, and amide (Shakoor et al., 

2019). The presence of these functional groups on 

the surface of biological materials determines the 

potential binding capacity of biosorbents with a 

wide range of chemical contaminants, including 

cations and anions. Over the past two decades, 

numerous biosorbents have been investigated for 

their effectiveness in the removal of heavy metals 

from aqueous wastes (Alluri et al., 2007; 

Bhatnagar and Sillanpää, 2010; Kanamarlapudi et 

al., 2018; Say et al., 2001). Compared to other bio-

sorbents, mushroom powder has demonstrated 

promise and effectiveness in removing pollutants 

from diverse sources (Das, 2005; Mathialagan et 

al., 2003; Prasad and Sachin, 2013; Vimala and 

Das, 2009). 

Previous studies have extensively examined the 

capabilities of common biosorbents in removing 

chromium and other heavy metals (Gupta et al., 

2011; Kanamarlapudi et al., 2018; Michalak et al., 

2013; Sag and Kutsal, 2001; Vimala and Das, 

2009). However, mechanisms governing the 

binding of both cationic and anionic chromium to 

the mushroom surface remain relatively 

unexplored (Chen et al., 2005; Das, 2005; Ertugay 

and Bayhan, 2008; Jing et al., 2011; 

Kanamarlapudi et al., 2018; Suseem and Mary 

Saral, 2014). Here, we use ground mushroom 

biomass to evaluate the potential mechanisms and 

optimal conditions for the adsorptive removal of 

Cr(III) and Cr(VI) using batch adsorption 

experiments. This study highlights the significance 

of understanding chromium speciation before their 

adsorptive removal from contaminated waters. 

Materials and Methods 

Preparation of biosorbent 

Fruit bodies of oyster mushrooms (Pleurotus 

platypus) were collected from the National 

Mushroom Development and Extension Centre, 

Savar, Bangladesh. Mushrooms were washed 

thoroughly with deionized water to remove the dirt 

and other undesirable materials. Subsequently, the 

mushrooms were turned into smaller pieces and 

dried in an oven at 80 °C for 24 h. After drying, the 

fruit bodies were finely ground using a mortar and 

pestle. 

Preparation of stock solution 

Individual stock solutions of 1000 mM of Cr(III) and 

Cr(VI) were prepared separately by dissolving the 

solid powder of CrCl3 (Merck, India, 158.35 g/mol) 

and K2Cr2O7 (Guangdong Guanghua Chemical 

Factory Co, Ltd, China, 294.185 g/mol), respectively, 

in deionized water. The solutions were subsequently 

diluted to the appropriate concentrations based on the 

type of adsorption experiments. 

Adsorption experiment 

Batch adsorption experiments were conducted in Cr(III) 

or Cr(VI) solutions containing solid mushroom powder 

at 28±1°C on an orbital shaker. The effect of pH on the 

adsorption of chromium to adsorbent was investigated 

within the pH range from 2.0 to 8.0. Before starting the 

adsorption pH envelope experiment, pH in the chromium 

solutions (0.2 mM) was adjusted between pH 2.0 and 8.0 

using HCl and NaOH solutions. The chromium solutions 

(100 mL each) with suitable pH adjustment were then 

equilibrated separately with the adsorbent (1.0 g/L) for 6 

h in reagent bottles. 

Kinetic studies for the adsorption of chromium with the 

adsorbent were conducted. Solutions of both chromium 

species (0.2 mM each) were agitated with the adsorbent 

(1.0 g/L) in six individual reactors. This experiment's 

initial pH (before adsorption) was adjusted separately 

for each chromium species based on the maximum 

adsorption pH condition, as revealed from the 

adsorption pH envelope experiment. The reactors were 

sacrificially removed at 10, 20, 30, 60, 120, 180, 240, 

and 300 min, respectively.  
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The effects of initial chromium concentrations (0.2 to 

2 mM) for chromium adsorption on the mushroom 

surface were conducted for 180 min. The initial pH 

levels (before adsorption) for assessing the effect of 

adsorbent dosages and the initial concentrations were 

adjusted separately based on the maximum 

adsorption pH condition obtained from the pH 

envelope and adsorption kinetic studies. 

After the adsorption experiments, the suspension 

samples from each reactor were filtered using 0.45 

µM (Whatman) filter paper, and the filtrate was 

stored at 4 °C until analysis. Chromium 

concentrations in the samples were determined using 

atomic absorption spectroscopy before and after each 

adsorption experiment (AA-7000, Shimadzu, Japan) 

equipped with air acetylene flame. The adsorption 

data are presented in terms of surface coverage and 

removal percentage. The surface coverage     by 

Cr(III) and Cr(VI) is estimated from the difference 

between the initial    ) and final (Ce) concentration 

of chromium and the amount of adsorbent (in grams) 

used in the adsorption experiments. 

Results and discussion 

Adsorption pH envelope 

The effect of initial pH (before adsorption) on the 

adsorption of both Cr(III) and Cr(VI) onto the 

mushroom surface was evaluated within the pH 

range of 2.0 to 8.0. pH plays a vital role in 

determining the degree of ionization of sorbates, 

influencing the speciation of sorbent surfaces, and 

affecting the solubility of metal ions (Langmuir, 

1997; Michalak et al., 2013). For instance, the 

adsorption of anions generally decreases with 

increasing pH, although the adsorption pH envelope 

depends on the sorbent's point of zero charge (PZC). 

Conversely, the adsorption characteristics of cations 

grow with increasing solution pH (Langmuir, 1997; 

Sabur, 2019). The calculation of aqueous speciation 

for Cr(III) and Cr(VI) relies on the reactions and their 

respective constants listed in Table 1, which are 

comparable to those documented in existing literature  

(Papassiopi et al., 2014; Szabó et al., 2018). Aqueous 

speciation of Cr(III) and Cr(VI) are computed by 

PHREEQC 3 (Parkhurst and Appelo, 2013) with the 

minteq.dat database (Fig. 1). 

Table 1. Cr(III) and Cr(VI) speciation reactions 

and the corresponding reaction constants at 25 

°C used to construct Fig. 1.  

Species Reaction logK 

 

 

 

Cr(III) 

Cr(OH)2+ + 2H+ = Cr3+ + 2H2O 9.84 

Cr(OH)2
+ + H+ = Cr(OH)2+ + H2O 6.27 

Cr(OH)2+ + H2O = Cr(OH)3 + H+ -7.36 

Cr(OH)2+ + 2H2O = Cr(OH)4- + 2H+ -16.18 

Cr(OH)2+ = CrO2- + 2H+ -17.74 

 

Cr(VI) 

CrO4
2- + H+ = HCrO4- 6.51 

CrO42- + 2H+ = H2CrO4 5.65 

2CrO42- + 2H+ = Cr2O7
2- + H2O 14.56 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. The speciation of Cr(III) (a) and Cr(VI) 

(b) in aqueous solutions as a function of pH at 

25°C. The speciation diagrams were constructed 

using 0.2 mM solutions of CrCl3 and K2CrO7 for 

Cr(III) and Cr(VI), respectively. The diagrams 

were generated with the PHREEQC 3 computer 

program, incorporating reaction constants from 

the minteq.dat database, consistent with previous 

studies (Papassiopi et al., 2014; Szabó et al., 2018). 
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In an aqueous solution of CrCl3, Cr
3+

 undergoes 

hydrolysis, and the hydrolytic products of chromium 

mostly exist as cations within the pH range of 2.0 to 

8.0 (Fig. 1a). However, under alkaline conditions, 

typically above pH 8.0, the hydrolyzed product of 

Cr
3+

 transforms into negatively charged Cr(OH)
4-

. 

When potassium dichromate (K2Cr2O7) is dissolved 

in water, it forms several stable ions (Fig. 1b) 

contingent upon the concentration and pH in the 

solution. Notably, HCrO4
-
 predominates under acidic 

conditions, while CrO4
2-

 prevails under alkaline 

conditions. K2Cr2O7 can also generate Cr2O7
2-

, 

however, the presence of this ion may be 

insignificant in our experimental system based on the 

concentration range used in the adsorption pH 

envelope experiments. 

Fig. 2 shows the results of the adsorption pH 

isotherm studies reveal that the adsorption of 

chromium (III) on mushroom surface increases as the 

initial pH of the solution rises (Fig. 2). A similar 

adsorption isotherm pattern was found in the 

adsorption of Cr(III)  on lichen biomass (Uluozlu 

et al., 2008) and is consistent with the adsorption 

of other metal cations on mushroom surface 

(Ertugay and Bayhan, 2010; Vimala and Das, 

2009). Cr(III) ions exist primarily as positively 

charged ions with free Cr
3+

 ions or as hydrated 

Cr
3+

 ions with coordinated hydroxyl groups (OH
-
) 

in aqueous solutions. Therefore, the speciation of 

the Cr(III) ion changes with the variation of pH in 

the solutions due to the changing coordination states 

of the metal ion (Fig. 1b). Increasing pH (e.g., 

increasing OH
-
 ion concentration) in the solution 

initially results in the neutralization of the positive 

charge carried by the Cr
3+

 ion. Subsequent rise of 

pH results in the negative charge buildup on the 

metal ion, primarily due to the binding of 

negatively charged OH
-
 groups. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 2. Effect of pH on Cr(III) and Cr(VI) 

adsorption on the mushroom surface.  

The predominant functional groups found in the 

typical biosorbents are hydroxyl, carboxylic acid, 

and amide (Shakoor et al., 2019). These functional 

groups at the surface may undergo acid-base 

reactions and can transform the biosorbent's 

surfaces with a negative charge under alkaline 

conditions (Michalak et al., 2013). The positively 

charged Cr(III) ions experience a greater 

electrostatic attraction with the solid surface, and 

this attraction increases with increasing pH, 

enhancing Cr(III) removal from the aqueous 

solution. Apart from the adsorptive removal of 

cationic chromium species, chromium removal 

from the aqueous phase might also occur via 

Cr(OH)3 precipitation on the adsorbent surface 

(Guimarães et al., 2020). The later process will 

likely be thermodynamically favorable at near 

neutral to alkaline conditions with increasing 

solution pH, e.g., pH > 6.0 (Fig. 1a).  

The maximum adsorption for Cr(VI) was observed 

under strongly acidic conditions, followed by a 

sharp decline as the pH increased further (Fig. 2). 

This trend is consistent with prior research, 

including studies involving surfactant-modified 

mushroom and other biosorbents (Fernández-

López et al., 2014; Jing et al., 2011). Additionally, 

Cr(VI) adsorption becomes minimal at or above a 

pH of approximately 6.0. This phenomenon can be 
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elucidated by the fact that Cr(VI) primarily exists 

as negatively charged chromate ions (HCrO4
-
 and 

CrO4
2-

) under the specified experimental 

conditions (Fig. 1b).  

As the pH shifts from acidic to alkaline conditions, 

there is a notable increase in the concentration of 

singly deprotonated chromate species (HCrO4
-
), 

leading to the formation of CrO4
2-

 (Fig. 1b). 

Therefore, the limited adsorption Cr(VI) at or 

above the pH 6.0 suggest that the adsorption of 

HCrO4
- 

on the mushroom surface primarily 

occurred from pH 2.0 to 6.0. The sharp decrease of 

Cr(VI) adsorption with further pH elevation beyond 

6.0 implies that the mushroom surface undergoes a 

negative charge modification, likely attributed to 

either the deprotonation of the surface-active groups 

or the adsorption of hydroxyl (OH
-
) groups onto the 

solid surface. These findings collectively suggest that 

an increase in solution pH leads to the deduction in 

electrostatic attraction between the deprotonated 

chromate ion (CrO4
2-

) and the negatively charged 

surface, resulting in diminished Cr(VI) adsorption 

onto the solid surface.  

Effect of equilibrium time 

Kinetic studies for the adsorption of Cr(III) and 

Cr(VI) are conducted using identical 

concentrations (0.2 mM each) and fixed chromium 

solution volume (100 mL). The amount of 

adsorbent also remained the same, with the only 

variation being the pH levels, set at 6.5 and 2.0 for 

Cr(III) and 2.0 for Cr(VI). Results show that the 

adsorption of Cr(III) and Cr(VI) progressively 

increases as the equilibration time lengthens (Fig. 

3). The removal of chromium occurs rapidly, 

mostly within 100 min of the adsorption period. 

This rapid adsorption may be attributed to the 

higher availability of surface binding sites on the 

biomass. However, the adsorption rate gradually 

diminishes as the equilibration time extends. This 

deceleration in adsorption suggests a potential 

depletion of surface-active sites due to the 

continued adsorption process.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. The kinetic data (symbol) for the adsorption 

of Cr(III) and Cr(VI) on the mushroom surface. 

The dotted solid and dotted lines represent 

simulated kinetic data for Cr(III) and Cr(VI), 

respectively, according to the pseudo-first-order (a) 

and second-order (b) kinetic models. 

Adsorption kinetic data are often fitted to first 

and second-order kinetic models to gain insights 

into the adsorption mechanism. Kinetic parameters 

for the adsorption of Cr(III) and Cr(VI) are extracted 

by fitting the experimental data using first and 

second-order adsorption kinetic models. The 

mathematical representation of pseudo first and 

second-order adsorption kinetics (Lima et al., 2015) 

can be expressed by Equation 1 and Equation 2.  

                                 

     
    

     
                    

 

Where,      is the amount of Cr(III), or Cr(VI) 

sorbed onto the adsorbent surface (in mmol/g) at 

time t (h) with rate constants    and    for the first 

and second-order adsorption models, respectively.  
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Table 2. Kinetic parameters were extracted for the 

adsorption of Cr(III) (at pH 2.0) and Cr(VI) (at pH 

6.5) by fitting the experimental data to Equation 1 

and 2 with a 95% confidence limit. Chi-square (χ2) 

values illustrate the quality of the fit.  

First-order 

Species    

(mmol/g) 

  

(h-1) 

   

Cr(III) 0.18±0.03 0.01±0.00 7.83±10-4 

Cr(VI) 0.16±0.01 0.01±0.00 2.35±10-4 

Second-order 

Species   

(mmol/g) 

  

g/(mmol×h) 

   

Cr(III) 0.25 ± 0.07 0.04 ± 0.03 1.27±10-3 

Cr(VI) 0.22 ± 0.04 0.04 ± 0.03 4.88±10-3 

 

Table 2 shows that the    values derived from the 

pseudo-first-order kinetic model for Cr(III) and 

Cr(VI) adsorption are aligned closely with the 

data point obtained at or near the equilibrium. 

Notably, the pseudo-second-order adsorption 

kinetic model estimates slightly higher    values 

than the measured values (Table 2). Furthermore, 

the pseudo-first-order kinetic model better fits the 

experimental data than the pseudo-second-order 

adsorption kinetic model, as evident from the 

respective chi-square values. 

This result indicates the importance of available 

active sites on the adsorbent surface for binding 

both chromium species.  

Effect of initial concentration 

The initial concentration of sorbate, the 

adsorbent, and sorbate-to-adsorbent ratios play a 

significant role in shaping adsorption isotherm. 

The surface coverage increases with sorbate 

concentration for a given amount of sorbent. 

Adsorption mechanisms and the binding strength of 

surface species are often described in terms of 

Langmuir and Freundlich models (Lima et al., 2015). 

The Langmuir model assumes the homogeneous 

distribution of the surface-active sites by sorbate 

species, whereas the Freundlich predicts the 

heterogamous distribution of potentially active sites 

on surfaces (Lima et al., 2015). Equations 3 and 4 

represent the mathematical models describing the 

nonlinear Langmuir and Freundlich adsorption 

isotherms (Langmuir, 1997; Lima et al., 2015) can be 

shown by Equations 3 and 4. 

      

     

       
                 

        
 

 ⁄                    

Where,   in Equations 3 and 4 represents the quantity 

of chromium adsorbed onto the adsorbent surface 

(mmol/g) at a specific chromium concentration of     

and      in Equation 3 is the maximum surface 

coverage of mushroom biomass by chromium.    and  

   denote the Langmuir and Freundlich adsorption 

constants, while ‘n’ in Equation 4 stands for the order 

of the surface reaction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Effect of initial concentration on removing 

Cr(III) and Cr(VI) by mushrooms. Experimental 

data and the predictions by Langmuir (a) and 

Freundlich (b) models are shown by the markers 

and dotted lines, respectively. 
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Experimental data in Fig. 4 shows that the adsorption 

of Cr (III) and Cr (VI) ions strongly influenced their 

initial concentrations. As observed in Fig. 4, the 

adsorption of chromium increases with rising initial 

chromium concentrations (Fig. 4), reaching a plateau 

near 0.5 mM of chromium, as anticipated. The 

experimental data are fitted to the Langmuir and 

Freundlich adsorption models in Fig. 4a and 4b, 

respectively, and the resulting adsorption isotherm 

parameters are presented in Table 3. 

By comparing least square fits (chi-square values) for 

the experimental data, it is evident that the 

Freundlich adsorption model better fits the 

experimental data than the Langmuir model. 

However, the adsorption constant obtained by fitting 

the experimental data using the Langmuir and 

Freundlich models greatly depends on the 

experimental conditions. This implies that the values 

of    and    obtained from the present study cannot 

be compared with adsorption processes involving 

Cr(III) or Cr(VI) on different biosorbents, nor are 

they applicable to various other sorbates (e.g., lead, 

cadmium, arsenic, etc.) when considering the 

mushroom surface as the adsorbent. Even these 

values cannot be directly compared to the adsorption 

processes of Cr(III) or Cr(VI) on the same mushroom 

surface under different pH conditions. Notably, the 

values of    are similar for both Cr(III) and Cr(VI) 

adsorptions, accounting for the respective error bars 

(Table 3). This result indicates that the adsorption of 

Cr(III) and Cr(VI) to the mushroom surface occurs 

with similar chromium binding strengths, also 

reflected in    values (Table 3).  

As discussed earlier, the values of reaction quotients 

for the adsorption of Cr(III) or Cr(VI) obtained by 

the two different adsorption models cannot be 

compared, but the respective chi-square values can 

demonstrate the relative performance of the models 

to explain the experimental data. Thus, the 

significance of adsorption constants (  and   ) for 

comparing the binding strength of Cr(III) and Cr(VI) 

with the mushroom surface is limited, primarily 

because the adsorption isotherm experiments are  

Table 3. Adsorption isotherm parameters were 

extracted by fitting the experimental data to the 

Langmuir (Equation 3) and Freundlich (Equation 

4) adsorption models, respectively. The chi-square 

values (  
  = 4.87) represent the goodness of fit.  

Langmuir model 

             

Cr(III) 224±14 0.26±0.01 1.85×10-3 

Cr(VI) 88±43 0.26±0.00 1.31×10-3 

Freundlich model 

         

Cr(III) 0.26±0.00 12.22±1.25 1.03×10-4 

Cr(VI) 0.26±0.00 10.08±0.98 1.05×10-4 

 

conducted under distinct pH conditions. Nonetheless, 

the potential binding mechanisms can be partially 

elucidated for the adsorption of both Cr(III) or 

Cr(VI) by comparing the corresponding   and    

values derived from the Langmuir and Freundlich 

models. Compared to the Langmuir model, the lower 

chi-square values obtained from fitting experimental 

data with the Freundlich model suggest that 

mushroom powder will likely provide multiple 

surface-active sites for adsorbing chromium species 

from aqueous solutions. The potential diffusion of 

chromium from the mushroom surfaces to the 

interior of the soil is also possible.  

Conclusion 

Here, we evaluate mushroom surfaces' adsorption 

behavior for removing Cr(III) and Cr(VI) from 

aqueous solutions. The results from the pH envelope 

studies show that Cr(III) and Cr(VI) adsorption occur 

with two distinct pH envelope patterns. While anionic 

Cr(VI) removal is favored under acidic conditions, the 

maximum cationic Cr(III) removal occurs under 

alkaline conditions. These results indicate that 

removing aqueous chromium is primarily driven by the 

electrostatic attraction between the sorbate ions and the 

active functional groups on the adsorbent surface, 

followed by the surface complexation reactions. 

Adsorption isotherm studies for both chromium 
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species show that the experimental data align better 

with the Freundlich model than the Langmuir model. 

This result implies that mushroom surfaces possess 

multiple active sites for binding cationic and anionic 

chromium species. Therefore, mushroom powders hold 

potential as a low-cost adsorbent for removing 

chromium from contaminated waters with a prior 

understanding of the oxidation states of dissolved 

chromium.  
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 The Bright Babul Blue, scientifically known as Azanus ubaldus (Stoll, 

1782), has been observed for the first time in the Premtoli Social 

Forestation Area (N 24.387555, E 88.404246), Godagari Upazila, 

Rajshahi district, Bangladesh. This finding adds to our understanding of 

the butterfly's distribution and underscores the importance of 

conserving the unique biodiversity within the Premtoli Social 

Forestation Area. 

 

Introduction 
 
 

Bangladesh has a diverse and abundant butterfly 

fauna due to its tropical climate (Chowdhury and 

Hossain, 2013; Larsen, 2004). Edition 7 of the 

IUCN (2015) Red List for Bangladesh documented 

305 butterfly species spanning 10 families. The 

recent identification of Azanus ubaldus (Stoll, 

1782) belonging to the Lycaenidae family adds to 

the country's diverse butterfly records. On 

November 25th, 2022, a momentous discovery was 

made, recording the first sighting of the butterfly 

species at the Premtoli Social Forestation Area in 

Godagari Upazila, Rajshahi district, Bangladesh 

(N 24.387555, E 88.404246).  

Bangladesh's diverse biogeography and abundant 

biodiversity make it a haven for butterflies, 

boasting remarkable species richness. Preserving 

their natural habitats is vital to protecting the 

country's ecological treasure. Godagari Upazila, 

situated in Rajshahi district, covers an area of 

approximately 472.13 square kilometers. It is 

geographically located between 24°21' and 24°36'        

 

north latitudes and between 88°17' and 88°33' 

east longitudes. This region's unique location and 

diverse geography contribute to its ecological 

significance and provide an ideal habitat for various 

plant and animal species, including the recently 

recorded butterfly species, Azanus ubaldus, from (N 

24.387555, E 88.404246) (Fig. 1). 

 

 

 

 

 

 

 

Fig. 1. Map of the study area 
 

The Bright Babul Blue can be found in open, sunny 

habitats such as grasslands, scrublands, and coastal 

dunes. Its flight path is often irregular, and it is 

often seen darting between low-lying foliage and 

flowers (Fig. 2).  
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Fig. 2. Habitat of Azanus ubaldus (Stoll, 1782)  

The study spanned three days, from November 23 to 

November 25, 2022. During this period, butterflies 

were systematically observed and documented, 

adhering to the prescribed methodologies outlined by 

Pollard (1977), Pollard and Yates (1993). Observations 

were conducted in the morning between 9:00 a.m. and 

5:00 p.m. The identification of butterflies was primarily 

done through direct observation, and photo evidence 

was captured using a Nikon d7100 camera equipped 

with a 70–300 mm lens. 

Members of the genus Azanus, belonging to the 

family Lycaenidae, are exceptionally rare in 

Bangladesh. Until the recent discovery, Azanus 

ubaldus (Stoll, 1782) had not been mentioned in any 

published literature or identified from collected 

preserved specimens in Bangladesh. However, on 

November 25th, 2022, at 12:40 pm +06 GMT, a 

significant event occurred as a single individual of 

Azanus ubaldus was first recorded in the Premtoli 

Social Forestation Area, located in Godagari Upazila, 

Rajshahi district, Bangladesh (N 24.387555, E 

88.404246). This observation marks the first 

confirmed record of the species in the country's 

butterfly fauna and contributes to our understanding 

of the butterfly diversity in the region. 

Azanus ubaldus has a modest wingspan of 25 to 30 

mm, with rounded wings, a curled outer edge, and a 

long, slender tail protruding from the hindwing. 

Prominent white markings and a rare blueish-grey 

color can be seen on the wings (Kehimkar, 2016). 

The butterfly's venation follows the typical 

Lycaenidae family pattern, containing a prominent 

subcostal vein perpendicular to the costa and a brief 

discal cell. The butterfly's long, slender, black-

tipped antennae with a white base are equipped with 

tiny, hair-like structures that resemble setae in 

males (Fig. 3). 

 

 

 

 

 

 

 

Fig. 3. Azanus ubaldus (Stoll, 1782) 

The type is from India, but the species is also 

widespread in Arabia and Africa (Larsen, 2004).  

The discovery of the Azanus ubaldus (Stoll, 1782) 

butterfly underscores the importance of conservation 

efforts in Bangladesh, a country abundant in diverse 

flora and fauna. Despite its biodiversity, many 

species in Bangladesh remain unidentified or need 

further study. This finding of a new butterfly species 

adds to the growing list of discoveries in the country, 

emphasizing the necessity for increased attention and 

protection of its unique natural heritage. 
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