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ABSTARCT: Morchella esculenta (L.) Pers. commonly known as ‘Guchhi’, is nutritionally & 
medicinally important and is one of the expensive mushrooms. The mycelium of this fungus is 
commonly present as a mycorrhiza or in saprobic relationship with hardwood and coniferous 
trees in the temperate climate zone of the Himalaya including Himachal Pradesh. Recently, 
Morchella esculenta has also been reported from the tropical or sub-tropical regions of Himachal 
Pradesh. The formation and occurrence of Morchella fruiting bodies at lower altitudes has been 
attributed to the climate variations due to global warming. Its fruiting season is from March-July. 
Nutritionally, this mushroom contains carbohydrates, proteins, all important vitamins, minerals 
and aromatic compounds. It possesses a wide range of pharmacological properties including 
antioxidant, antitumor, antimicrobial and anti-inflammatory, also act as an immune-stimulant due 
to the presence of various active constituents. Ethno-botanically it is used as laxative, purgative, 
emollient, body tonic, heals the wound and also used for stomach problems. Due to its high 
commercial cost it plays a very important role in the economy of rural populace. Morchella had 
been reported from sub-tropical and tropical regions of Himachal Pradesh. It had also been 
reported from the Faizabad and Mount Abu (Rajasthan) at less than 1300m altitude. Various 
environmental factors such as temperature, pH, light, gaseous regime and disturbance may cause 
the development of fruiting bodies of Morchella. The review reveals that there are very few eco-
physiological studies on the erratic occurrence of this mushroom in tropical regions. 
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INTRODUCTION  

Mushrooms contain a huge diversity of 
biomolecules with nutritional and bioactive 
properties (Kalac, 2009). Some mushroom extract 
have promising therapeutic effects on cancer, 
cardiovascular diseases and diabetes (Guillamon 
et al., 2010). Morchella esculenta is one of the 
most highly priced mushrooms found in the world 
(Prasad et al., 2002). The Original name of this 
fungus as Phallus esculenta was given by Carl 
Linnaeus and the present name of this fungus i.e. 
Morchella esculenta was given by Elias Magnus 
Fries in 1801 (Fries, 1753; Persoon, 1801). 
Throughout the world it is found in temperate 
regions, commonly in Asia, Himalayan Mountains, 
Europe, Mediterranean countries and in America 
(Emery & Barron 2010). In India, it is reported from 
Jammu and Kashmir, Himachal Pradesh and Uttar 
Pradesh (Lakhanpal et al., 2010). In Himachal 
Pradesh it is found in the hills of Shimla, Kinnaur, 
Kullu, Sirmaur, Chamba district among other 
places. Recently Morchella esculenta are also 
reported from Rajasthan (Paliwal et al., 2013). In 
Pakistan it is naturally grown in various areas 

including Murree, Margalla Hills, Dir, Chitral, 
Mingora, Kalam, Kohistan, Tirah, Kurram Agency, 
Mansehra, Bagh, Chakoti, Quetta, Zayarat and 
Zhob (Rehman et al., 2000; Hamayun et al., 2006). 
Some important nontimber forest products (NTFP) 
available in J&K are Saussuria costus (Falc) 
Lipsch (Kuth), Berberis lyceum Royle (Rasount), 
Viola canescence (Bunafsha), wild apriot, 
Dioscorea deltoidea (Kins), Aloe vera Tourn. Ex 
Linn.(Aloe), Morchella esculenta L. (Gucchi) etc 
(Bagal et al., 2022). Various Government and Non-
Government Organisations (NGOs) have 
introduced different preventive measure and 
policies for the conservation of ethnomedicinal 
plants species. Now, there is need of collaboration 
of research communities and government agencies 
to create awareness among local people and 
attract pharmaceutical industries to use the 
medicinal plants for therapeutic purpose at a 
commercial level (Bhardwaj et al., 2019).  
Very recently, Morshella was cultivated artificially 
by the Indian Council of Agriculture Research-run-
Directorate of Mushroom Research (DMR) which is 
a major milestone in the Indian history of 
mushroom production (Prasad and Gupta  2023). 
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Morchella esculenta is a very important mushroom 
of Morchellaceae family (Table 1). The present 
study was conducted to review the active 
constituents of Morchella esculenta (L.) Pers. 
and their pharmacological properties, to review 
the nutritional aspects of Morchella esculenta (L.) 
Pers. and to review the climate change effect on 
Morchella esculenta (L.) Pers. in Himachal 
Pradesh.  
It is commonly known by other names like Guchi, 
morel, true morel, morel mushroom, yellow 
mushroom, sponge morel, etc (Dorfelt, 2013). In 
Nepal it is known as Guchi chyau (Roody, 2003). 
And other vernacular names of Morchella 
esculenta are discussed in Table 2. 

Table 1: Systematic Classification of Morchella 
esculenta (Litchfteld et al., 2006). 

Kingdom Fungi 

Phylum Ascomycota 

Class Discomycetes 

Order Pezizales 

Family Morchellaceae 

Genus Morchella 

Species Morchella esculenta 
(L.) Pers. 

 
 

Table 2: Vernacular Names of Morchella esculenta. 
 

Sr. No. Region/ Language Vernacular Name Reference 

1. French Morille  
 
 

Roody, 2003 

2. Germany Speisemorchel 

3. Italian Spugnola bruna 

4. Spanish Colmenilla 

5. Nepal Guchi chyau 

6. India Guchhi Paliwal et al., 2013 

 
 

7. 

 
 

Pakistan 

Kerkichoke Gilani et al., 2003 

Gujae Razaq et al., 2010 

Guchhi Mahmood et al., 2011 

Spina Guchhi Sher et al., 2011 

Khosay Hassan et al., 2015 

 
This edible fungus grows on soil rich in organic 
matter, in loamy soil and is found in various 
habitats like in coniferous forests, apple orchards, 
grassy places, etc (Negi, 2006). Morchella 
esculenta is commonly found as a mycorrhizal or 
saprobic relationship with hard wood and 
coniferous trees (Hamayun et al., 2006). Morchella 
esculenta is found at altitude of 2500-3500 m in 
forest habitat (Ali et al., 2011). The growing season 
of Morchella esculenta is from March to July 
(Wagay & Vyas 2011). Species of true morels 
(Morchella spp.) are one of the most highly prized 
and easily identified epigeous macrofungi collected 
by mycophiles during the spring in temperate 
regions of the Northern hemisphere (Weber, 1995). 
Among edible fungi, mushrooms have always 
remained a subject of interest for the researchers 
across the world because of their higher price, 
nutritional value and medicinal properties 
(Singdevsachan et al., 2013). With their ever 
increasing popularity, harvest of wild morels has 
become a commercially successful cottage 
industry in morel rich regions of countries such as 
India, China, Mexico, Turkey and the United states 
in the Northern Hemisphere (Pilz et al., 2007). 
Morchella esculenta is the most important and 
precious fungal plant which plays an important role 
in the economy and the price depends upon the 
quality (Hamayun et al., 2006). The price is varied 

in early, middle and end of the season (Iqbal, 
2002). The price of dry morels ranges from Rs. 
4000 – 20,000 per kg which makes it one of the 
expensive mushroom of the world (Negi, 2006; Ali 
et al., 2011). Its price in national market is upto Rs. 
20,000 per kg and in international market it is 
about Rs. 3,00,000 per kg (Sher et al., 2014). 
Morchella esculenta is associated with diverse 
ecological niches (Sharma, 1997). It is usually 
found in various habitats including road sites, road 
cuts, excavation or near lightly burned grassy 
areas and swampy ground, mostly it is reported in 
an area destroyed by fire (Negi, 2006; Huffman & 
Tiffany, 2001). This mushroom is collected from 
the wild and is exported to many countries for its 
excellent culinary properties (Lakhanpal, 1986; 
Rana, 2002). In North West Himalayas, seven 
different species of Morchella have been analyzed 
for their nutritional and nutraceutical potential 
(Lakhanpal et al., 2010). True morels (Morchella 
spp.) are commercially important edible 
mushrooms with a delicate taste and a unique 
appearance (Hibbett et al., 2007). Morels are the 
most prized and popular mushrooms in most of 
Europe and North America. Morel products were 
very early approved by the US Food and Drug 
Administration (FDA) (Gilbert, 1960). Morels 
(Morchella spp.) are some of the most desirable 
edible mushrooms known (Royse & May 1990). 
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There are numerous studies dealing with the spore 
germination, culture, cytology, morphology, 
anatomy and physiology of morels, but few reports 
dealing with the details of morel’s reproduction and 
life cycle (Amir et al., 1993; Arkan et al., 1992; Volk 
et al., 1989). Morchella as a genus is fairly easy to 
recognize but the species differentiation within the 
genus is a difficult task. Six species, namely 
Morchella esculenta, M. conica, M. deliciosa, M. 
angusticeps, M. arassipes and M. semilibera have 
been reported from India (Waraitchi et al., 1976). 
The local people cook ascocarps (the fruiting body) 
mixed with rice and vegetables, and consider it as 
nutritious as meat or fish. It is also used in health 
care, and medicinal purposes differ among 
traditional hill societies isolated by linguistic, 
cultural and terrain barriers (Nautiyal et al., 2001; 
Wasser et al., 1999). In India, various studies were 
conducted for the site evaluation and wild 
collection of Morchella to understand the 
conditions required for its cultivation (Munjal et 
al., 1977). Edible mushrooms are sources of 
food all over the world and have high nutritional 
value almost twice that of any vegetable and are 
also rich in vitamins B, C, D (Fasidi & Kadiri 1990). 
It has been estimated that total world production of 
morels is about 150 tones dry weight, equivalent to 
1.5 million tones of fresh morels. India and 
Pakistan are the major producing countries, each 
producing about 50 tones of dry morels, all of 
which is exported (FAO & Ciesla, 2002). It is 
important to take note of the fact that the most 
common of all morels, Morchella esculenta is said 
to be poisonous if eaten raw (Lincoff & Mitchel, 
1977). In past, the research work done on 
Morchella esculenta is there. But there is very rare 
research work done on the climate effects on 
Morchella esculenta. There is still need to study 
the various aspects and climate effects on 
Morchella esculenta. 

 REVIEW OF LITERATURE 

Mushroom species can be used for biomonitoring 
of heavy metals and radioactivity in polluted soils 
(Kalac & Svoboda 2000). Morel species are 
reported to minimize oxidative damage in 
organisms that occurs in several chronic diseases 
(Ferreira et al., 2009). For centuries, Morchella 
esculenta has been consumed and appreciated for 
its nutritional value as well as medicinal properties 
(Wahid et al., 1988). According to Wahid & Sattar 
(1988) the main components of Morchella 
esculenta are (on dry basis):- protein 32.7%, fat 
2.0%, fiber 17.6%, ash 9.7% and carbohydrates 
38.0%. Morchella esculenta have low fat content 
with high fiber and all essential amino acids and 
contain all most all the important minerals too 
(Sadler, 2003). Morchella esculenta is considered 
to be ‘the foods of the Gods’, according to the 
ancient roman history. Morels have adapted to a 
wide range of unusual habitats and environmental 

conditions, including river bottoms, dunes, garbage 
dumps, abandoned coal mines, cellars and 
basements, saw mills, wood piles, sand bars in 
rivers, road cuts, excavations, deer trails, orchards, 
bomb craters and limed soils (Kaul, 1975). 
True morels (Morchella spp.) belonging to 
Ascomycota, are consumed and appreciated 
worldwide due to their savory flavor and multiple 
bioactivities, including anti-oxidative, anti-
inflammatory, antimicrobial, immunostimulatory 
and antitumor properties (Rosa et al., 2010). It was 
considered that morel’s health benefits were 
attributed mainly to sugar (polysaccharides) and to 
various constituents such as amino acids, 
important vitamin, fatty acid, organic acid and 
minerals (Liu et al., 2016). Due to the unique 
flavor, taste and texture, morels are used in 
different recipes all over the world. Additionally, 
morels are used as a laxative, purgative, 
emollient, body tonic, healing wounds, for 
stomach problems and other general weakness 
(Ajmal et al., 2015). Morchella esculenta contains 
many biologically active ingredients, such as 
protein, dietary fibers, vitamins, etc (Gursoy et al., 
2009). In North West Himalayas, seven different 
species of Morchella have been analyzed for their 
nutritional and nutraceutical potential (Lakhanpal et 
al., 2010). The Morchella genus is one of the most 
favored mushrooms, and as such, it is highly 
priced (Duncan et al., 2002). The Morchella 
esculenta contains all the important nutrients, from 
carbohydrates, proteins, polyunsaturated fatty 
acids, secondary metabolites like phenolic 
compounds, etc (Heleno et al., 2013). Morchella 
used in traditional medicine and it was reported for 
wounds, for rapid healing, as antiseptic, for 
digestive system symptoms, as an 
immunostimulant, as a general tonic, for cold and 
coughs and it was prescribed for indigestion, 
excessive phlegm and shortness of breath 
(Duncan et al., 2002). Morels are currently in use 
as a nutraceutical, as a functional food and a few 
studies examined their bioactives (Mau et al., 
2004; Tsai et al., 2006). Local people think that a 
person who found Morchella esculenta is very 
fortunate or luckiest person (Hamayun et al., 
2003). Generally, it is used for curing of various 
diseases i.e. intestinal, gastric problem, general 
body tonic, arthritis, general weakness, stomach 
problems, also heal the wound, skin beautification, 
purgative and used as an emollient (Wagay & Vyas 
2011). 

 Mushroom description 
Morchella esculenta consist of cylindrical structure. 
Upper part is known as pileus which possess 70-
80% of total plant weight. Pileus is about 3-9 cm 
long, 2-5 cm wide, round or irregular pits are 
present. Morchella esculenta is whitish to pale grey 
but at maturity becomes grayish brown (Hamayun 
et al., 2003).  
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Fig. 1. Fruiting bodies of Morchella esculenta (L.) 
Pers. 

 
Yellow morel mushrooms consist of cap and stipe, 
cap of mushroom usually consists of yellowish 
brown colour with conical shape of about 3 to 8 cm 
diameter and 5 to 12 cm length while stipe have 
pale cream colour 3 to 12 cm long with 1.5 to 6 cm 
diameter and tapered toward the top (Hamayun et 
al., 2006). Stipes are slightly enlarged at the base 
and support the upper part (Negi, 2006). In fresh 
form the size of Morchella esculenta varies from 

2cm to 25cm while on drying the size reduces to 
0.1 to 10cm (Hamayun et al., 2003). 
The number of morel species is a matter of debate. 
Though Morchella as a genus is fairly easy to 
recognize but species differentiation within the 
genus is difficult, and a variable number of species 
are recognized by various workers. The genus 
Morchella was reviewed in India by Waraitchi in the 
year 1976, who presented a key for all the species 
known from India. According to him, six species 
under the genus have been identified, which 
include M. esculenta, M. conica (syn. M. elata), M. 
deliciosa, M. angusticeps, M. crassipes and M. 
semilibera. And the characteristics features of 
these six species of genus Morchella are 
discussed in Table 3. A number of morels collected 
in the Northwestern Himalaya have been assigned 
to the yellow morels (M. crassipes and M. 
spongiola) and black morels (M. elata, M. 
angusticeps and M. gigas) as reported (Kanwal et 
al., 2011). The local people in the Kullu District of 
Himachal Pradesh boil fruiting bodies in milk 
before they consumed (Nautiyal et al., 2001). 

Table 3: Characteristics Features of Common Edible Species of Genus Morchella (Smith & Smith  
1970). 

 
Species Habitat Characteristics features 

Morchella 
esculenta (L.) Pers. 
(Common morel) 

Usually in or near 
lightly burned grassy 
areas and swampy 
ground. 

Pileus not distinctly longitudinally ridged, upto 7-9 cm long and 
4-5 cm wide, pits rounded, irregular or at times longitudinally 
elongated, yellowish, becoming light brownish when dry, edges 
rounded, lighter than the pits; stipe only slightly enlarged at the 
base. 

 
Fig. 2. Morchella esculenta (L.) Pers. 

Morchella conica 
(Pers.) Fr.  
Syn.  M. elata  Fr. (White morel) 

On soil, in open forest, 
often a year or two 
after a forest fire. 

Pileus can be up to 4-10cm but may occasionally be larger; cone 
is spindle-shaped with pronounced vertical ridges with cross- 
connections, producing a series of rectangular hollows up to 
1cm long; honey coloured with ridges darkening to brown with 
age; stipe 2-4 cm, hollow, circular, often enlarged at base or 
top, white to yellow with a rough surface. 

 
Fig. 3. Morchella conica (Pers.) Fr. 

Photo credit :- Raman et al., 2018. 

Morchella 
deliciosa Fr.  
(Delicious morel) 

On the ground in grassy 
places, usually at the 
edge of woods, widely 
distributed but rare. 

Pits or depressions of the pileus grey to fuscous, ridges pallid; 
fruit bodies typically small. Pileus 2-3 cm long, pit elongated, 
ridges much lighter than the pits, irregularly anastomosing; 
stipe up to 2/3 times as thick as the pileus, often enlarged at 
the base and somewhat lacunose, whitish or yellowish. 



 

Chander and Sharma          International Journal on Emerging Technologies   14(2): 30-51(2023)            34 

 

 
Fig. 4. Morchella deliciosa Fr. 

Photo credit :- Baran, 2017. 

Morchella 
angusticeps 
Peck (Black 
morel) 

On  sandy  soils  in 
woods. Widely 
distributed and often 
associated with 
Populus spp. 

Pileus 1-5 cm high, narrowly conic, pallied to  
greyish  young  but  the  borders  of  the  pits  
darkening finally to black. Heads with greatly elongated pits; 
stipe equal, nearly as thick as the head, pallid to buff in large 
forms, the pits blackish like the ribs by maturity. 

 
Fig. 5. Morchella angusticeps Peck 

Photo credit :- O’Donnell et al., 2011. 

Morchella 
crassipes (Vent.) 
Pers. 

On the ground in open 
places, at the edge of 
woods. 

Pits large and shollow, ridges thin; stipe enlarged and at times 
lacunose at the base. Pileus sub-conic, usually elongated and 6-
12 cm long and 5-6 cm broad or at times larger; pits roundish or 
irregularly elongated; ribs irregularly anastomosing, edges sharp; 
stipe stout, upto to 10-11 cm long, 4 cm at apex and 5-7 cm at 
base, yellowish or whitish. 

 
Fig. 6. Morchella crassipes (Vent.) Pers. 

Photo credit :- Ali et al., 2021. 

Morchella 
semilibera DC. 

On the ground in oak or 
beech woods and usually 
fruiting about a week 
before the larger morels 
appear. 

Pileus with conspicuous ridges and in age obtusely conic with a 
flaring margin, pits elongated, dull yellowish brown, the ribs of the 
pits discolouring darker than the depressions; stipe 8-10 cm long, 
1-2 cm thick at apex, in age clavate and up to 4 cm thick at the 
base, pallid to yellowish, at times with pinkish discolouration in 
age, ribbed near the apex, granular furfuraceous. 

 
Fig. 7. Morchella semilibera DC. 
Photo credit :- Kuo et al., 2012. 
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Active Constituents of Morchella esculenta 
Morel species are reported to minimize oxidative 
damage in organisms that occurs in several 
chronic diseases (Ferreria et al., 2009). Fruiting 
body of Morchella esculenta contains a broad 
range of active constituents which include 
carotenoids, tocopherols, phenolic compounds and 
organic acids (Table 4).  
Carotenoids contain β- carotene and Lycopene. 
Tocopherols consist of α- tocopherols γ- 
tocopherols and δ- tocopherols. Organic acids 
contains oxalic acid, malic acid, citric acid, fumaric 

acid and quinic acid (Ajmal et al., 2015). Various 
phenolic, tocopherols, organic acid, and 
carotenoids are discussed in Table 5. Phenolic 
compounds, tocopherols and organic acids are 
considered to be the most responsible for 
antioxidant activity of mushrooms (Reis et al., 
2012; Leal et al., 2013). Steroids and 
polysaccharides isolated from the Morchella 
esculenta (Meng et al., 2010). The known essential 
micronutrient minerals are iron, zinc, selenium, 
manganese, cobalt and copper. 

 

Table 4: Active Constituents of Morchella esculenta and Their Pharmacological Properties (Ajmal 
et al., 2015). 

Sr. No. Active constituents Pharmacological properties 

1. Phenolic compounds Antioxidant,  antimicrobial,  anti-allergenic, anti-inflammatory and 
antitumor (Heleno et al., 2013; Halliwell, 2012) 

2. Polysaccharides Antioxidant (Meng et al., 2010) 

3. Galactomannan Immunostimulatory (Duncan et al., 2002) 

4. Organic acids Anti-oxidant, neuroprotective, anti- inflammatory and 
anti-microbial (Heleno et al., 2013; Baati et al., 2011) 

5. Tocopherols Strong antioxidant (Heleno et al., 2013) 

 
Table 5: Phenolic, Tocopherols, Organic Acids and Carotenoids of Morchella esculenta (L.) Pers. 

Mushroom Per 100g of Dry Weight. 

Sr. No. Compounds Values and unit References 

1. α-tocopherol 2.38 µg  
 
 
 
 
 
 
 
 

Heleno et al., 2013 

2. γ-tocopherol 12.41 µg 

3. δ-tocopherol 48.85 µg 

4. Total tocopherols 14.79 µg 

5. Lycopene 0.05 mg 

6. Oxalic acid 32.25 mg 

7. Malic acid 199 mg 

8. Fumaric acid 47.81 mg 

9. Protocatechuic acid 0.24 mg 

10. p-Hydroxybenzoic acid 0.10 mg 

11. p-Coumaric acid 0.01 mg 

12. Total phenolic compounds 0.35 mg 

13. Gallic acid 78.18 µg  
 
 
 

Yildiz et al., 2015 

14. p-hydroxybenzoic 345.83 µg 

15. Chlorogenic acid 17.32 µg 

16. Epicatechin 12.35 µg 

17. p-Coumaric acid 0.53 µg 

18. Ferulic acid 7.48 µg 

19. Quercetin 198.8 µg 

 
Table 6: Bioactive Compounds and Their Function of Morchella esculenta Mushroom. 

 
Sr. No. Bioactive compounds Function References 

1. Glycoprotein Anti-carcinogenic, stimulating leucocyte 
production to  strength immune 

system 

Wei et al., 2001 

2. Galactomannan Stimulate immune system Duncan et al., 2002 

3. Exopolysaccharide Hypoglycemic, antitumor, and immune 
stimulating activities 

Taskin et al., 2011 

 
The microminerals play an important role in the 
catalytic processes within the enzyme system that 
include a wide range of enzyme activities 
associated with metabolic, endocrine and immune 
system. Glactomannan and polysaccharides 

isolated from fruiting body of yellow morel 
mushroom have high immune-stimulatory activities 
(Duncan et al., 2002). Various bioactive 
compounds with their functions and amino acid 
content of Morchella esculenta mushroom are 
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discussed in Table 6 and 7. 
 Antioxidant properties of Morchella esculenta 

Oxidation is necessary for living organism but 
oxygen centered free radicals cause oxidative 
damage including cell death, tissue damage, also 
causes several diseases including atherosclerosis, 
diabetes and cancer. The oxidative damage can be 

reduced by using food containing antioxidant 
properties (Gutteridge & Halliwell 2010). Morel 
species are reported to minimize oxidative damage 
in organisms that occurs in several chronic 
diseases (Ferreira et al., 2009). Several herbs can 
be used in this regard but mushroom are the most 
important.  

Table 7: Amino Acids Contents of Morchella esculenta (L.) Pers. Mushroom (mg/g of dry weight). 
 

Sr. No. Amino acids Values and unit Reference 

1. Aspartic acid 0.43 mg  
 
 
 
 
 
 

Tasi et al., 2006 

2. Threonine 9.83 mg 

3. Serine 4.97 mg 

4. Glutamic acid 3.05 mg 

5. Glycine 3.85 mg 

6. Methionine 3.59 mg 

7. Isoleucine 1.28 mg 

8. Leucine 1.57 mg 

9. Tyrosine 0.34 mg 

10. Phenylalanine 0.61 mg 

11. Lysine 0.25 mg 

12. Histidine 1.45 mg 

13. Arginine 0.63 mg 

Total 35.67 mg 

 
Previous studies have reported the antioxidant 
activity of mushrooms specially Morchella 
esculenta (Kim et al., 2011). Anti-oxidative 
properties in mushrooms were correlated to 
different anti-oxidative components such as 
tocopherols, carotenoids, ascorbic acid and total 
phenoloics (Barros et al., 2010). Although the 
different phenolic compounds seem to be the most 
effective group of anti-oxidants, while the role of 
tocopherols seems to be limited and that of 𝛽-
carotene and lycopene vestigial (Kalac, 2009). 
Mycelia of Morchella esculenta possess beta-
carotene and linoleic acid which exhibit antioxidant 
activities (Mau et al., 2004). Mushrooms are the 
best source of antioxidants and are of great 
interest as possible protective agents which help 
human body to reduce oxidative damage without 
any interference (Gonzalez et al., 2015). All 
organisms possess self defense system which is 
not sufficient to protect against oxidative damage. 
Anti-oxidant food can protect the body from 
damage. The fruiting body of Morchella esculenta 
shows antioxidant activity (Elmastas et al., 2006). 
Polysaccharides and steroids possess antioxidant 
properties (Meng et al., 2010). Antioxidants were 
suggested to play a beneficial role by helping 
cellular defense systems (enzymes and non-
enzymatic) cope with oxidative stress. Natural anti-
oxidants from plant origin are considered useful as 
nutraceuticals due to their beneficial effects on 
health and chronic disease prevention (Croft, 
2016). Fatty acids and phenolic compounds are 
widely present in Morchella esculenta which are 
responsible for the strong antioxidant activity and 
free radical scavenging abilities (Reis et al., 2012; 
Leal et al., 2013). Due to the ability of arresting the 
radicals, methanolic extract of fruiting body also 

shows strong anti-oxidant properties (Heleno et al., 
2013). 

 Antimicrobial properties of Morchella esculenta 
Mycelia of Morchella esculenta contain 
antimicrobial properties (Kalyoncu et al., 2010; 
Alves et al., 2012). Previous studies reported that 
methanol, ethanol and chloroform extracts of 
Morchella esculenta contain antimicrobial 
properties (Badshah et al., 2012). Morchella 
esculenta shows antibacterial activity against 
Salmonella typhimurium, Staphylococcus aureus, 
Listeria monocytogenes, Enterobacter cloacae and 
Escherichia coli (Heleno et al., 2013). Mushrooms 
needs antibacterial and antifungal compounds to 
survive in their natural environment. Therefore, 
antimicrobial compounds could be isolated from 
many mushrooms species and could be of 
beneficial for humans (Yamac & Bilgili 2006). Most 
of the medicinal extract from mushrooms are 
different forms of polysaccharides, and all of them 
are strengtheners of the immune system with few 
or no side effects (Shittu et al., 2005). The 
methanolic extract from the mushrooms has potent 
antioxidant properties and antibacterial activities 
against different bacteria. 

 Anti-allergenic properties of Morchella 
esculenta 
Powder of Morchella esculenta can be used as an 
antiseptic to heal the wounds and used for the 
treatment of stomach ache (Mohmood et al., 
2011). 

 Anti-inflammatory properties of Morchella 
esculenta 
Anti-inflammatory activity of morels was reported, 
showing significant dose- dependent inhibition of 
both acute and chronic inflammation (Nitha et al., 
2007). Inflammation occur due to several reasons 
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like – due to bite of insects, toxic drugs or due to 
several chronic diseases (Collins, 1999). 
Methanolic extract of whole body plant acts as an 
anti-inflammatory and reduces pain (Kumar et al., 
2000). Nitha et al. (2007) reported the strong anti-
inflammatory activity of ethanolic extract of cultured 
mycelium of Morchella esculenta. It inhibits both 
acute and chronic inflammation. 

 Anti-tumor properties of Morchella esculenta 
Polysaccharides extracted from Morchella 
esculenta are potentially tumor resistant (Li et al., 
2013). Cancer is the major cause of human death. 
Chemotherapy and radiotherapy are the modern 
ways of cancer treatment but have a less safety 
margin because of its adverse effect on the host 
normal cells. For the control and eradication of 
cancer, natural products have been used (Gibbs, 
2000). In Traditional Chinese Medicine, 
mushrooms having medicinal properties and 
commonly used for the treatment of cancer. 
Various compounds extracted from fruiting body of 
mycelia possess anti-cancer and anti- tumor 
properties (Chang and Mshigeni 2001; Pankaj et 
al., 2002). Previous studies had reported the use of 
Morchella esculenta for cancer treatment (Nitha et 
al., 2007). Polysaccharides extracted from the 
fruiting body of Morchella esculenta possess 
strong antitumor properties (Elmastas et al., 2006; 
Meng et al., 2010). 

 Immunostimulatory properties of Morchella 
esculenta 
The galactomannan polysaccharides isolated from 
Morchella esculenta enhances the immune 
response to different diseases and modulates the 
immune system. Morchella esculenta can enhance 

the functioning of the immune system, and also 
contains anti- fatigue, antiviral, antioxidant and 
antitumor growth properties (Meng et al., 2010). 
Morchella esculenta also acts as immune stimulant 
due to the presence of various active constituents. 
Mushroom metabolites are also used as 
adaptogens and immunostimulants, and now are 
considered to be one of the most useful antitumor 
agents for clinical use (Franz, 1989; Chang, 1991). 
Glactomannan and polysaccharides isolated from 
fruiting body of yellow morel mushroom have high 
immune-stimulatory activities (Duncan et al., 
2002). 

 Nutritional aspects of Morchella esculenta (L.) 
pers. 
Fruiting body of Morchella esculenta is edible. It is 
highly nutritious, delicious and healthy. It is rich in 
protein, carbohydrates, vitamins particularly 
vitamin B and trace amount of vitamin A, C and D, 
also contains minerals which include - calcium, 
iron, copper, zinc, magnesium, manganese, 
sodium, phosphorous, selenium and potassium 
(Mattila et al., 2001). Morchella esculenta are also 
low in fat and contain low calories (Negi, 2006). 
Morchella esculenta contains 38% carbohydrates, 
32.7% protein, 17.6% fibre, 9.7% ash and 2.0% fat 
(Wahid et al., 1988). It also contains 1.82 mg/g 
magnesium, 0.85 mg/g calcium, 23.5 mg/g 
potassium, 0.18 mg/g zinc, 62.6 mg/g copper, 
195 mg/g 
iron, 3.49 mg/g phosphorus, 0.18 mg/g sodium and 
54.7 mg/g manganese (Genccelep et al., 2009). 
The different proximates of Morchella esculenta 
are discussed in Table 8.  

 
Table 8: Different Proximates of Morchella esculenta Mushroom Per 100 g of Dry Weight. 

Proximates Values and Unit References 

Water 89.61 g  
 
 
 

USDA, Basic Report 11228, 2016 

Energy 31 kcal 

Protein 3.12 g 

Total lipid 0.57g 

Carbohydrate 5.10g 

Total sugars 0.06 g 

Total dietary fibers 2.8 g 

Fats 2.59 g  
 
 
 
 
 
 
 
 
 

Heleno et al., 2013 

Fructose 0.71 g 

Mannitol 11.54 g 

Trehalose 3.41 g 

Total sugars 15.66 g 

Palmatic acid 9.5 % 

Stearic acid 2.6 % 

Oleic acid 12.43 % 

Linoleic acid 71.81 % 

α- linolenic acid 0.02 % 

Saturated fatty acids 5.4 % 

Monounsaturated fatty acids 13.73 % 

Polyunsaturated fatty acids 13.82 % 

Water–soluble polysaccharides 72.45 % 
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Crude Protein 417 mg  
 

Tasi et al., 2006 
Crude Fiber 117 mg 

Crude Ash 50 mg 

Crude Fats 120 mg 

Reducing sugar 122 mg 

Minerals 

Calcium 2340 mg  
 
 
 
 
 
 

Gursoy et al., 2009 

Iron 304 mg 

Magnesium 22.60 mg 

Phosphorus 195 mg 

Potassium 0.18 mg 

Sodium 3.49 mg 

Zinc 153 mg 

Copper 21.08 mg 

Manganese 22.60 mg 

Cobalt 0.12 mg 

Vitamins 

Thiamin 0.069 mg  
 
 
 
 
 
 

USDA, Basic Report 11228, 2016 

Riboflavin 0.205 mg 

Niacin 2.252 mg 

Vitamin B-6 0.136 mg 

Folate, DFE 9 µg 

Vitamin D(D2+D3) 5.1 µg 

Vitamin D 206 IU 

Fatty acids, total saturated 0.065 g 

Fatty acids, total 
monounsaturated 

0.052 g 

Fatty acids, total polyunsaturated 0.433 g 

 
Previous studies also reported a variety of 
aromatic compounds including aldehydes, acids, 
ketones, esters and terpene. The major aromatic 
compound is phenol which is about 50.88%, 
alcohol is present about 15.55%, ester and 

carbamic acid is present about 11.37% (Taskeen, 
2013). Ethnobotanically it is used as purgative, 
laxative, body tonic, emollient and also used for 
stomach problems, heal the wound and for general 
weakness (Sher et al., 2011) (Table 9). 

 
Table 9: Ethnobotanical Uses of Morchella esculenta (L.) Pers. 

 
Plant use Diseases/ Other use Mode of utilization References 

 
 
 
 
 
 
 
 
 
 
 
 

Whole Plant 

Hallucigenic and immuneregulatory  Christine et al., 2002; Nitha & 
Janardhanan 2008 

Intestinal and for gastric 
problem 

 Gilani et al., 2003 

General body tonic Fried with cow’s 
ghee and taken after meal. 

Ali et al., 2011 

Arthritis and general 
weakness 

 Wagay & Vyas 2011 

Stomach problems and 
also heal the wound 

Powder form Fayaz et al., 2012 

Vegetable and used in pizza Cooked Fayaz et al., 2012 

Stomach-ache Powder Mehmood et al., 2011 

Purgative and used as an 
emollient 

 Sher & Yemeni 2011 

For decoration purpose After boiled in water 
or milk 

Nautiyal et al., 2001 
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Due to its unique flavor and taste local people cook 
the fruiting body mixed with rice and vegetable and 
consider it as nutritious as fish or meat. Different 
recipes of Morchella are prepared in three star and 
five star hotels. The Morchella esculenta mostly 
used as a flavouring in soup, used as salad and 
side dishes (Prasad et al., 2002). The most 
common method is to cook the Morchella with 
butter. Morchella esculenta are taken after meal as 
cooked with desi ghee (Khan et al., 2010) (Table 
10). 
Proteins obtained from the mycelia of Morchella 
esculenta are comparable to vegetative proteins 
and can be used as a good source of protein 
supplement (Taskin, 2013). It is rich in protein 
which can be more easily digested than other 
vegetables. Morchella esculenta is rich in B-
complex vitamins and minerals. It has been 
discovered that Morchella esculenta is useful in the 
treatment of illnesses like- cold, stomach-ache, 
head-ache and hepatitis B (Halder & Sharma 
2017). Morchella esculenta shows a good 

alternative for anaemia and it also help to regulate 
the blood sugar level (Sher et al., 2011; Sharma & 
Arora 2017). 
Morels are consumed worldwide as food, and in 
Tibet and India are cooked with vegetables and 
considered as nutritious as meat or fish (Ajmal et 
al., 2015). Morchella sugar profile comprises of 
0.21-0.71 g fructose, 0.99-11.54 g mannitol, 43.07 
g mannose, 0.086 g arabitol and 1.7-9.54 g 
glucose per 100g dry weight (Rotzoll et al., 2006). 
Yellow morel mushrooms are generally used for 
the treatment of digestive disorders, excessive 
phlegm and for the treatment of asthma and in dry 
powder form used as an antiseptic, healing the 
wounds and for the treatment of stomach-ache 
(Mehmood et al., 2011). Morels have been 
traditionally used for curing various ailments. The 
species of Morchella genus are used in traditional 
medicines which may help to prevent many 
diseases (Table 11). 
 

Table 10: Different Recipes of Morchella esculenta (L.) Pers. 

Plant part Uses References 

Fruiting body Cooked with vegetable and rice Prasad et al., 2002 

Taken in the form of soup 

 
 
 

Whole plant 

Used in salad Robinson, 2011 

Cooked with butter 

Cooked with desi ghee Khan et al., 2010 

Fried with onion, tomato and garlic Semwal et al., 2014 

Used in pizza Fayaz et al., 2012 

 
Table 11: Traditional Use of Morchella Species in Medicine (Sayeed et al., 2018). 

 
Ailment Mode of application Uses 

Asthma Fried fresh or rehydrated fruiting body 
or decoction. 

Controls proper functioning 
of lungs. 

Pneumonia Decoction of fruiting bodies. Cures pneumonia. 

Respiratory problems Decoction of fruiting bodies. Cures all 
problems. 

the respirat
ory 

Dehydration/ bloody stools Boiled with the addition of little salt / sugar. Recovers water loss of the body. 

Wound healing Paste of the fruiting bodies with  
clarified butter (ghee). 

Heal the wound fast. 

Fever, and cold cough Soup of whole mushrooms and clarified butter. Heavy sweating lowers the body 
temperature. 

Stomach pain Boiled or grinded with raw milk. Relieves pain. 

Pregnancy Soup, wok fried and stewed. Provides strength, 
warmness to the body and 
considered very nutritious. 

Lactating mothers Decoction and wok fried mushroom. Highly nutritious, provides energy. 

Weakness Decoction in milk served with honey. Provides strength to the 
body. 

Dermatological Paste with water. Cures many skin problems. 

 
Climate change effect on Morchella esculenta 
(L.) Pers. in Himachal Pradesh. 
Morels are cold tolerant and have been found to 
give fructification at temperature less than 5.6°C 
(Emery & Barron 2010). Climate change is a major 
challenge facing our planet today. Due to changing 
life, perception and lifestyle changes of forest 
dwellers, the plant are exacerbated and that 

indigenous knowledge on resource use is being 
degraded severely (Gadgil et al., 1993). Medicinal 
herbs are regarded as free commodity (zero 
private cost) to be collected from nature (Kunwar, 
2002). Morels are widely distributed in the 
temperate zones of the world. Morels appear 
from late April until the end of May, usually for 
about three weeks only. Morels are produced in 
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Himalayas and these are mostly exported to 
European countries, which include Switzerland, 
France, Germany and Australia. Mountains are 
early indicators of climate change (Singh et al., 
2010). Morel export is declining due to climate 
disturbances (Sabra & Walter 2001; Boa, 2004). 
Morels are widely distributed in the temperate 
zones but from past few years morels are reported 
from the tropical zones. Some of the news reports 
on occurrence of Gucchi in sub-tropical or tropical 
region of Himachal Pradesh are as: 
1. Gucchi was reported from Hamirpur: In 2019, 
Gucchi was reported in District Hamirpur 
(Himachal Pradesh). Hamirpur is a sub-tropical 
zone. The altitude of the Hamirpur district is about 
786 m above the sea level. Gucchi was found in 
the district Hamirpur, village Mauhi of Balh 
Panchayat near the drain to Kishori Lal (a local 
people of the village). Kishori told that in October 
last year, Gucchi plants were found on the hills 
near the drain. This time Gucchi has also been 
found on the roadside in large quantity. 
Reference:- Punjab Kesari (06-Nov-2019). 
2. Gucchi was reported from Sundar Nagar: In 
2019, Gucchi was also reported from Sundar 
Nagar. Sundar Nagar is a town and a municipal 
council in Mandi district in the Indian state of 
Himachal Pradesh. The town has an average 
elevation of 900 m (3,000 ft). Gucchi was found in 
the main market of Sundarnagar (a plain area) to 
businessman Ramesh Saini. He was taken out 
about 250g of bunches from his courtyard. 
Reference:- Jagran (22-Oct-2019) 
3. News report on Gucchi from Ghumarwin: In 
2018, Gucchi was reported from Ghumarwin. 
Ghumarwin is a town and a municipal council in 
Bilaspur (sub-tropical zone) district in the North 
Indian Hill State of Himachal Pradesh. Ghumarwin 
is situated at an average elevation of 700 m or 
about 2300 ft above the sea level. During the 
cleaning and pruning, labor found Gucchi in 
Swami Vivekanand Government College 
Ghumarwin. Reference:- Divya Himachal (10-Nov-
2018). 
4. News report on Gucchi from Barthin: In 2018, 
Gucchi was reported from Barthin. Barthin is a 
village in Jhandutta Tehsil in Bilaspur District of 
Himachal Pradesh State. The altitude of Barthin 
village is about 375 m above the sea level. P.E.T. 
Sunil Kumar posted in Government Senior 
Secondary School, Barthin, who is fond of 
farming in the area. When Sunil Kumar was 
working in the drain due to domestic work, he saw 
some Gucchi plants very near the drain. About 8 
plants of one species of Gucchi has been found in 
the drain adjoining Barthin, which is enough for the 
possibilities like its being in the low-lying areas. 
Reference:- Punjab Kesari (23-Nov-2018). 
5. Gucchi mushroom artificially cultivated in 
DMR: The Indian Council of Agriculture Research-
run Directorate of Mushroom Research (DMR), 
Solan, has for the first time successfully cultivated 

the world’s costliest Morchella mushroom, 
commonly known as Gucchi. The DMR had made 
several unsuccessful attempts to cultivate Gucchi 
mushroom since its inception. Given its potential, 
Dr. VP Sharma, Director, DMR, assigned the 
challenge to Dr. Anil Kumar in 2019, who prepared 
a project “Standardization of cultivation technique 
for Morchella mushroom”. Under continuous 
rigorous in vitro trials on the induction of fruit 
bodies in gucchi, three small ascomata of 0.5 to 
1cm were obtained. In the first seasonal cultivation 
trail started in October 2019, conidial stage and a 
mature ascomata of 13 cm length was recorded 
under greenhouse conditions on April 13, 2020. “I 
was treading in the positive direction and with 
continuous efforts, I again succeeded and induced 
12 ascomata in the second research trail under 
greenhouse conditions on February 23,” he said. 
Since the experiment is still in progress, he is 
hopeful that fruit bodies of Gucchi would keep on 
appearing at his experimental site till April. “This is 
for the first time that the ICAR-DMR, Solan, has 
succeeded in producing fruit bodies of Gucchi 
mushroom. As a result, India has entered the list of 
select countries such as USA, China, France etc. 
that have successfully attempted to cultivate 
Gucchi mushroom under artificial conditions,” said 
Dr. VP Sharma, Director, DMR. Reference :- The 
Tribune (26-Feb-2021). 
6. First Report of Morchella – An Edible Morel 
from Mount Abu, Rajasthan: Mount Abu is a hill 
station in the Aravalli range in Sirohi district of 
Rajasthan state in western India. A recent survey 
was conducted in the second week of October to 
study the fungal diversity of Mount Abu, Rajasthan. 
The area covered included Achalgarh, Nakki Lake, 
Dhobi Ghat and Trevor’s tank. This led to the 
surprise discovery of a species of Morchella in 
Trevor’s tank at a height of 1253.6 m and the 
prevailing temperature was 26 ± 2°C. The long 
spell of intermittent rainfall might have been 
conducive for the subterranean mycelium to 
produce the fruiting bodies. The authors firmly 
believe that, beside the Himalayan ranges, the 
climate of Mount Abu is also suitable for its 
growth. This is the first report of occurrence of 
Morchella in Mount Abu, Rajasthan (Paliwal et al., 
2013). 
7. A Report on Occurrence of Morchella sp. 
from District Faizabad, Uttar Pradesh: Morchella 
grows at higher altitudes usually on hilly land 
farms with cool microclimate. Occasional reports 
on collection of Morchella vulgaris Boud. from 
Assam forest, M. deliciosa from Amritsar 
(Punjab), M. conica from central India and 
probably 
8. M. esculenta from Rajasthan have been given 
by Bhattacharya & Baruah, 1953, Purkayastha & 
Chandra 1985, Ghurde & Wakode 1981 and 
Paliwal et al., 2013, respectively. Morchella sp. has 
been reported from district Faizabad which lies 
between the parallels of 26 °47’N to 26°78’N 
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lataitude and 82.08°E to 82.13’E longitude having 
an average elevation of 97 meters above the sea 
level. The specimen of Morchella was collected 
during field trip in the month of December, 2013 
near railway station area, Ayodhya, Faizabad 
(Siddhant et al., 2014).  
Fructifications (Ascocarps) of bodies of morel fungi 
(Morchella spp.) are highly valued for their 
medicinal and nutritional qualities (Nitha et al., 
2007). Ower was the first to produce Morchella 
esculenta ascocarps in vitro (Ower, 1982). 
Investigations have shown that there is a stage in 
the life cycle of morels called the sclerotium. It is 
also experimentally demonstrated that sclerotia are 
essential in production of fructifications under 
controlled conditions (Ower et al., 1986). Various 
researchers have contributed greatly for the in vitro 
production of sclerotia that can be employed for 
the production of ascocarps (Amir et al., 1995). 
Effects of climate change on fungal distribution and 
activity are hard to predict because they are 
mediated in many different ways, including: fungal 
physiology, reproduction and survival, host 
physiology, spatial and temporal distribution of 
hosts and resource availability, and outcome of 
competitive interspecific interactions (Boddy, 
1984). Schmidt (1983) & Buscot (1989) pointed out 
the role of temperature in their appearance; they 
demonstrated that the re-heating of the soil, after 
the snow season in early spring, encourages 
ascocarp formation. Temperature has also been 
shown to have an effect on spore germination, 
growth and development (Schmidt, 1983). 
Ascospores of Morchella esculenta were not found 
to germinate until the soil temperature exceeded 
10°C. Morchella esculenta were found to 
germinate and give fruits at low temperature 
(below 10°C). Schmidt (1983) proposed that the 
Morchella esculenta is a psychrotolerant fungus, 
and the fruiting of morels in spring may relate to 
their competitive abilities at low temperature. Volk 
& Leonard (1990) suggested that the freezing and 
thawing association with the winter and early 
spring lead to the formation of ascocarps. Morels 
are observed in association with trees in 
undisturbed habitats, where only a few ascocarps 
are produced each year spring over a period of 
several years (Buscot & Roux 1987; Buscot & 
Kottke 1990). 
The accumulation of metals in macro fungi has 
been found to be affected by environmental and 
fungal factors (Garcia et al., 1998). Environmental 
factors such as organic matter amount, pH, metal 
concentrations in soil and fungal factors such as 
species of mushroom, morphological part of fruiting 
body, development stages and age of mycelium, 
biochemical composition, and interval between the 
fructifications affects metal accumulation in macro 
fungi (Garcia et al., 1998; Kalac & Svoboda 2000). 
A wide range of environmental factors influence 
the timing and development of fruit bodies, 

including nutritional factors, gaseous regime, pH, 
light, microclimate, disturbance, and inter and intra-
specific mycelia interaction (Moore et al., 2008). 
Morels mushrooms are highly valued worldwide, 
owing to their attractive characteristics and high 
nutritional value. At the same time, it is important to 
be aware that morels are characterized by high 
plasticity in regard to metabolite levels and 
composition, and as a result in their bioactivity 
affected by mushroom growth stage and by 
environmental conditions (Masaphy et al., 2010). 
The effect of high water content is less at cold 
temperatures than at warmer temperatures, 
because metabolism is slower at lower 
temperatures. Though elevated CO2 affects fungal 
physiology, the predicted atmospheric increases 
are unlikely to have little direct impact on mycelium 
in soil and litter where levels are already above 
ambient. However, mycorrhizal fungi can be 
affected indirectly via effects of elevated CO2 on 
plant physiology and on fixed carbon entering soil 
from roots (Treseder, 2004). 
Light has a wide range of effects on 
basidiomycetes fruiting, determining whether or not 
fruit bodies are produced, their development and 
numbers produced (Moore et al., 2008). Many 
ascomycete species require exposure to light 
before they will fruit (Elliott, 1994). Morchella 
requires undisturbed natural conditions (Lakhanpal 
& Shad 1986). The shady location, higher altitude 
and western aspect gave the idea that Morchella 
specifically requires less sunlight and cool climate. 
Lakhanpal & Shad (1986) reported that neutral to 
alkaline soils were suitable for Morchella. Morels 
usually come up after a rain. The day after a rain is 
the best time to look for them. This fungus grows 
naturally on the forest floor rich in humus. If the 
food supply is sufficient, it collectively forms a 
compact mycelium on the surface of soil. The 
ascocarp appears above the soil soon after the 
rain (Prasad et al., 2002). So, Morchella esculenta 
mushroom grows best at low temperature. 
Laala et al. (2020) carried out a study in three 
administrative units (tehsils) of Poonch district of 
Azad Jammu and Kashmir state to record the 
presence of true morels belonging to genus 
Morchella of class Ascomycetes. A periodic 
random survey was carried out during the year 
2015-16. The four species of genus Morchella 
belonging to family Morchellaceae of order 
Pezizales and class Ascomycetes were collected 
from Rawalakot and Hajira tehsils of Poonch 
district growing at temperature recorded between 
3-7 °C (Table 12). However, no morel was found 
growing in Abbaspur tehsil during the same period. 
All the four species were observed growing on soil. 
During collection, the intensity of the morels in 
Poonch district was M. esculenta (40%), M. elata 
(30%), M. deliciosa (20%) and M. semilibera 
(10%). 
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Table 12: Temperature Range and Morphological Features of Morels Recorded from Poonch 
District of Azad Jammu and Kashmir (Laala et al., 2020). 

Sr. 
No. 

Scientific name Edibility Temp. 
(°𝐂) 

Pileus 
diameter (cm) 

Stipe length 
(cm) 

Spore 
print 

1. M. esculenta Edible 5 5.0-7.0 5.5-8.0 Yellow 

2. M. elata Edible 7 7.0-7.5 4.5-5.0 Black 

3. M. deliciosa Edible 3 2.0-7.5 1.5-5.0 Pale 

4. M. semilibera Edible 7 1.0-2.5 7.0-10.0 Yellow 

 
Two different types of environmental conditions 
have been discovered to encourage Morchella 
esculenta ascocarp formation. Morels can first 
fructify as pioneers on recently disturbed soils. For 
e.g. they become visible in the first spring following 
mechanical disturbance of the soil, after application 
of certain herbicides, after a deposition of 
vegetative wastes, after forest fires and even 
following volcanic devastation (Kaul et al., 1981). 
Under these conditions the production of ascocarp 
declines rapidly in the years following the 
disturbance (Buscot & Roux 1987; Miller et al., 
1994). These observations reinforce the 
hypothesis that under these conditions morels are 
saprotrophic. The second case is the production of 
ectomycorrhiza with higher plants (Buscot & 
Kottke 1990; Buscot, 1992). Morels are observed 
in association with trees in undisturbed habitats, 
where only a few ascocarps are produced each 
spring over a period of several years (Buscot & 
Roux 1987; Buscot & Kottke 1990). So, the various 
environmental factors (for e.g. temperature, pH 
and rain) can affect the growth or production of 
Morchella esculenta mushroom. 

MATERIALS AND METHODS 

The literature was reviewed from the various 
available resources such as articles, thesis, book, 
abstracts, opinion from academic publisher, online 
repositories and web sites.  

RESULTS AND DISCUSSION 

The results of this study indicate that the Morchella 
esculenta is a wild edible mushroom and one of 
the most expensive mushroom throughout the 
world due to its high nutritional and medicinal 
value. Due to its high price it plays a very important 
role in the economy of country. It contains 
carbohydrates, proteins, fibers, all important 
vitamins, minerals and aromatic compounds. 

Morels are appreciated worldwide for their savory 
flavor. Morchella esculenta have a great effect of 
climate on its distribution from few past years. Most 
of the research work is done on the active 
constituents and nutritional aspects of Morchella 
esculenta. But there is rare research work done on 
the climate change effects on the Morchella 
esculenta. Earth’s climate is changing. Due to the 
changed climatic conditions the morels are not 
produced in large quantity in forest habitats. In 
India, Morchella esculenta occurs primarily in the 
north-west Himalayan region of Himachal Pradesh 
and Jammu and Kashmir. India is one of the major 
producing country of dry morels throughout the 
world. 
Morchella usually grows in clod temperature from 
March to July but nowadays due to the global 
warming the climate changes and there is no 
increase in the production of this mushroom. A 
good heavy rain is also responsible for the poping 
up of the morels because rain moisturizes the soil. 
Morchella esculenta needs about 5°C temperature 
to grow. These are some of the most desirable 
edible mushroom known in the Himalayan region. 
Fructifications of bodies of morel fungi are highly 
valued for their medicinal and nutritional qualities. 
Investigation has shown that there is a stage in the 
life cycle of morels called sclerotium. It is also 
demonstrated that sclerotia are essential in 
production of fructifications under controlled 
conditions. A wide range of environmental factors 
influence the timing and development of fruit 
bodies, including nutritional factors, gaseous 
regime, pH, light, microclimate, disturbance, and 
inter and intra-specific mycelia interaction. Many 
ascomycete species require exposure to light 
before they will fruit. So, the various environmental 
factors can affect the growth or production of 
Morchella esculenta mushroom. 
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Fig. 8. Graph showing the amino acids contents of Morchella esculenta (L.) Pers. mushroom (mg/g of dry 
weight). 

 

Fig. 9. Graph showing the different proximates of Morchella esculenta mushroom per 100 g of dry weight. 

 
Fig. 10. Graph showing the minerals of Morchella esculenta mushroom per 100 g of dry weight. 
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In comparison of all six species of genus 
Morchella, it is concluded that all six species 
needed low temperature (below 7-10℃) for their 
growth (Table 13). And Morchella esculenta is 
most common species found in Himachal Pradesh 
as compare to the other species. Usually the 
species of Morchella genus is found in the 
temperate region but from past few years (2-3 
years) Morchella esculenta is also found in the 
tropical or sub-tropical regions of Himachal 
Pradesh due to the climate change. From the past 
few years the habitat of Morchella esculenta 
shifted toward the sub-tropical and tropical zones 
due to climate change. There is a stage in the life 
cycle of morels called sclerotium. Sclerotia are 
essential in the production of fructifications of 
Morchella. In some regions of Himachal Pradesh 
there are some districts where the fructifications of 
morels are possible in sub-tropical and tropical 
regions instead of temperate region due to the 
climate change conditions. In fact, for the first time 
Indian Council of Agriculture Research-run 
Directorate of Mushroom (DMR), Solan, has 
successfully cultivated the world’s costliest 
Morchella mushroom. 
Given its potential, Dr. VP Sharma, Director, DMR, 
assigned the challenge to Dr. Anil Kumar in 2019, 
who prepared a project “Standardisation of 

cultivation technique for Morchella mushroom”. 
Under continuous rigorous in vitro trails on the 
induction of fruit bodies in gucchi, three small 
ascomata of 0.5 to 1cm were obtained. They are 
performing their project work under greenhouse 
conditions. Since the experiment is still in progress, 
Dr. Anil is hopeful that the fruit bodies of Gucchi 
would keep on appearing at his experimental site 
till April. Gucchi is also reported from the Mount 
Abu, Rajasthan at a height of 1253.6 m and the 
temperature was 26±2°C. Morchella sp. has been 
reported from district Faizabad which lies between 
the parallels of 26°47’N to 26°78’N lataitude and 
82.08°E to 82.13’E longitude having an average 
elevation of 97 m above the sea level. A wide 
range of environmental factors influence the timing 
and development of fruit bodies, including 
nutritional factors, gaseous regime, pH, light, 
microclimate, disturbance, and inter and intra-
specific mycelia interaction. Many ascomycete 
species require exposure to light before they will 
fruit. Morchella spp. usually found at the high 
altitude but due to various climate changes, 
Morchella spp. also found to give fruits at lower 
altitude. So, the Morchella can also grow in the 
sub-tropical and tropical zones due to the various 
climatic changes. 

 
Table 13. Comparison Between Six Species of Genus Morchella Found in Himachal Pradesh 

Sr. No. Comparison  
factors 

Species 

Morchella 
esculenta (L.) 
Pers. (Common 
morel) 

Morchella 
conica (Pers.) 
Fr.  
Syn. M. 
Elata Fr. 
(White 
morel) 

Morchella 
deliciosa Fr. 
(Delicious 
morel) 

Morchella 
angusticeps 
Peck (Black 
morel) 

Morchella 
crassipes 
(Vent.) Pers. 

Morchella 
semilibera 
DC. 

1. Temperature 
range needed 

About 5℃ About 7℃ About 3℃ About 4℃ About 5℃ About 7℃ 

2. Habitat Usually in 
or near 
lightly 
burned 
grassy areas 
and swampy 
ground. 

On soil, in 
open forest, 
often a year 
or two after 
a forest 
fire. 

On the 
ground in 
grassy 
places, 
usually at 
the edge 
of woods, 
widely 
distributed 
but rare. 

On sandy 
soils in 
woods. 
Widely 
distributed 
and often 
associated 
with 
Populus 
spp. 

On the 
ground in 
open 
places, at 
the edge 
of woods. 

On the 
ground in 
oak or 
beech 
woods and 
usually 
fruiting 
about a 
week 
before the 
larger 
morels 
appear. 
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3. Morphologic 
al features 

Pileus not 
distinctly 
longitudinally 
ridged, 
upto 7-9 cm 
long and 4-5 
cm wide, 
pits rounded, 
irregular or at 
times longitudinal 
ly elongated, 
yellowish, 
becoming light 
brownish when 
dry, edges 
rounded, lighter 
than the pits; 
stipe only slightly 
enlarged at the 
base. 

Pileus can 
be up to 4- 
10cm but may 
occasionally 
be larger; 
cone is 
spindle- 
shaped with 
pronounced 
vertical ridges 
with cross- 
connection s, 
producing a 
series of 
rectangular 
hollows up to 
1cm long; 
honey coloured 
with ridges 
darkening to 
brown with 
age; stipe 2-4 
cm, hollow, 
circular, often 
enlarged at 
base or top. 

Pits or 
depression 
s of the pileus 
grey to 
fuscous, 
ridges 
pallid; fruit 
bodies 
typically small. 
Pileus 2-3 cm 
long, pit 
elongated, 
ridges much 
lighter than 
the pits, 
irregularly 
anastomosing; 
stipe up to 2/3 
times as thick 
as the pileus, 
often enlarged 
at the base 
and somewhat 
lacunose, 
whitish or 
yellowish. 

Pileus 1-5 
cm high, 
narrowly conic, 
pallied to 
greyish 
young but 
the borders of 
the pits 
darhening 
finally to black. 
Heads with 
greatly 
elongated pits; 
stipe equal, 
nearly as thick 
as the head, 
pallid to buff in 
large forms, 
the pits 
blackish like 
the ribs by 
maturity. 

Pits large 
and 
shollow, 
ridges 
thin; stipe 
enlarged 
and at 
times 
lacunose at 
the base. 

Pileus sub-
conic, 
usually 
elongated and 
6-12 cm long 
and 5-6 cm 
broad or at 
times larger; 
pits roundish 
or irregularly 
elongated; ribs 
irregularly 
anastomosing, 
edges sharp; 
stipe stout, 
upto 10-11 cm 
long, 4 cm at 
apex and 5-7 
cm at base, 
yellowish 
or whitish. 

Pileus 
with 
conspicuous 
ridges 
and in age 
obtusely 
conic with 
a flaring 
margin, pits 
elongated, 
dull yellowish 
brown, the 
ribs of the pits 
discolouri ng 
darker than 
the 
depression s; 
stipe 8- 
10 cm 
long, 1-2 cm 
thick at apex, 
in age 
clavate and 
up to 4 cm 
thick at the 
base, pallid to 
yellowish, at 
times with 
pinkish 
discolouration 
in age. 

 
SUMMARY AND CONCLUSION 

Morchella esculenta is an edible fungus. It is one of 
the most highly priced mushrooms found in the 
world. It is found at altitude of 2500-3500 m in 
forest habitat. The growing season of Morchella 
esculenta is from March to July. In this study the 
climate change effects on Morchella esculenta in 
Himachal Pradesh were reviewed. Because 
usually Morchella is found in the temperate zones 
mostly. But recently the habitat of the Morchella 
esculenta and other Morchella species are shifted 
toward the tropical zones. Morchella esculenta is 
the most important and precious fungal plant which 
plays an important role in the economy and the 
price depends upon the quality. It has been 
consumed and appreciated for its nutritional value 
as well as medicinal properties. For centuries, 
Morchella esculenta has been consumed and 
appreciated for its nutritional value as well as 
medicinal properties. Morels have adapted to a 
wide range of unusual habitats and environmental 
conditions, including river bottoms, dunes, garbage 
dumps, abandoned coal mines, cellars and 
basements, saw mills, wood piles, sand bars in 
rivers, road cuts, excavations, deer trails, orchards, 
bomb craters and limed soils. It contains all the 
important nutrients, from carbohydrates, proteins, 
polyunsaturated fatty acids, secondary metabolites 
like phenolic compounds, etc. 
There are various studies done on the active 
constituents and nutritional aspects of Morchella 
esculenta. But there are very few studies done on 
the climate change effects on Morchella esculenta. 
Fruiting body of Morchella esculenta contains a 
broad range of active constituents which include 
carotenoids, tocopherols, phenolic compounds and 

organic acids. Carotenoids contain β-carotene and 
Lycopene. Morel species are reported to minimize 
oxidative damage in organisms that occurs in 
several chronic diseases. Previous studies have 
reported the antioxidant activity of mushrooms 
specially Morchella esculenta. Mycelia of Morchella 
esculenta possess beta-carotene and linoleic acid 
which exhibit antioxidant activities. Mycelia of 
Morchella esculenta contain antimicrobial 
properties. Powder of Morchella esculenta can be 
used as an antiseptic to heal the wounds and used 
for the treatment of stomach ache. Anti-
inflammatory activity of morels was reported, 
showing significant dose-dependent inhibition of 
both acute and chronic inflammation. 
Polysaccharides extracted from Morchella 
esculenta are potentially tumor resistant. Morchella 
esculenta also acts as immune stimulant due to the 
presence of various active constituents. Morchella 
esculenta is also low in fat and contain low 
calories. Morchella esculenta contains 38% 
carbohydrates, 32.7% protein, 17.6% fibre, 9.7% 
ash and 2.0% fat. Morels are consumed worldwide 
as food, and in Tibet and India are cooked with 
vegetables and considered as nutritious as meat or 
fish. Protein obtained from the mycelia of 
Morchella esculenta are comparable to vegetative 
protein and can be used as a good source of 
protein supplement. It is rich in protein which can 
be more easily digested than other vegetables. 
Morels are cold tolerant and have been found to 
give fructification at temperature less than 5.6°C. 
Morels are widely distributed in the temperate 
zones but from past few years morels are reported 
from the tropical zones. There are also some news 
reports on Gucchi reported from sub-tropical and 
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tropical regions. Some reports (research reports) 
on gucchi at different temperature are also 
discussed in review of literature. A wide range of 
environmental factors influence the timing and 
development of fruit bodies, including nutritional 
factors, gaseous regime, pH, light, microclimate, 
disturbance, and inter- and intra – specific mycelia 
interaction. Mycorrhizal fungi can be affected 
indirectly via effects of elevated CO2 on plant 
physiology and on fixed carbon entering soil from 
roots. The shady location, higher altitude and 
western aspect gave the idea that Morchella 
specifically requires less sunlight and cool climate. 
The one of the major finding are that the Morchella 
is also reported from some sub- tropical and 
tropical zones due to climate change. Because 
usually the Morchella is found in the temperate 
zones but now the Morchella spp. are also found in 
the tropical regions. Morchella esculenta is one of 
the most highly prized edible mushroom in the 
world. This edible fungus grows on soil rich in 
organic matter, in loamy soil and is found in 
various habitats such as coniferous forests, apple 
orchards, grassy places, etc. It contains a wide 
range of active constituents which include 
tocopherols, carotenoids, organic acids, 
polysaccharides and phenolic acid which exhibit a 
wide range of medicinal and pharmacological 
properties including anti-microbial, anti- 
inflammatory, immunostimulatory, antitumor and 
antioxidant. Nutritionally, it contains carbohydrates, 
proteins, fibers, all important vitamins, and 
minerals. This fungus is very expensive, hence 
called “growing gold of mountains” and it 
contributes a major role in country’s economy. 
There are very few studies done on the climatic 
effects on Morchella esculenta. There are various 
environmental factors which affects the fungal 
fruiting. Environmental factors such as organic 
matter amount, pH, metal concentration in soil and 
fungal factors such as species of mushroom, 
morphological part of fruiting body, development 
stages and age of mycelium, biochemical 
composition, and interval between the 
fructifications affects the metal accumulation in 
macro fungi. Effects of climate change on fungal 
distribution and activity are hard to predict because 
they are mediated in many different ways, 
including: fungal physiology, reproduction and 
survival, host physiology, spatial and temporal 
distribution of hosts and resource availability, and 
outcome of competitive interspecific interactions. 
Fructification of bodies of morel fungi are highly 
valued for their medicinal and nutritional qualities. 
Investigations have shown that there is a stage in 
the life cycle of morels called the sclerotium. It is 
also experimentally demonstrated that sclerotia are 
essential in production of fructifications under 
controlled conditions. A wide range of 
environmental factors influence the timing and 
development of fruit bodies, including nutritional 
factors, gaseous regime, pH, light, microclimate, 

disturbance, and inter and intra-specific mycelia 
interaction. Many ascomycete species require 
exposure to light before they will fruit. Due to the 
various changes in environment, morels are also 
found in tropical or sub tropical zones. The fruiting 
body of Morchella esculenta are low in fat and 
calories but rich in protein. So mushroom is one of 
the best plant to study and to gain knowledge 
about especially Morchella esculenta because 
there are very few studies done on the climatic 
effects on Morchella esculenta and on other 
Morchella species.  
There is a wide range of scope in the future on this 
topic i.e. climate change induced shift in 
distribution of Morchella esculenta (L.) Pers. in 
Himachal Pradesh. There are many studies on the 
Morchella esculenta like active constituents of 
Morchella esculenta and nutritional aspects of 
Morchella esculenta but there are very few studies 
on the climate change effects on Morchella 
esculenta. So, there is still need to study about the 
various climatic factors that affects the Morchella 
esculenta. This is a very interesting topic and this 
topic also have a great research scope in the 
future. 

REFERENCES 

Ajmal, M., Akram, A., Ara, A., Akhund, S. & 
Nayyar, B.G. (2015). Morchella esculenta: 
An edible and health beneficial mushroom. 
Pakistan Journal of Food Sciences, 25(2), 
71- 78. 

Ali, H., Sannai, J., Sher, H. & Rashid, A. (2011). 
Ethnobotanical profile of some plant 
resources in Malam Jabba valley of Swat. 
Pakistan. J. Med. Plants Res., 5(17), 4171- 
4180. 

Ali, S., Imran, A., Fiaz, M., Khalid, A. N. & Khan, S. 
M. (2021). Molecular identification of True 
Morels (Morchella spp.) from the Hindu Kush 
temperate forests leads to three new records 
from Pakistan. Gene Reports., 23, 101125. 

Alves, M. J., Ferreira, I.C.F.R., Dias, J., Teixeira, 
V., Martins, A. & Pintado, M. A. (2011). 
Review on antimicrobial activity of mushroom 
(Basidiomycetes) extracts and isolated 
compounds. Planta Med., 78, 1707-1718. 

Amir, R., Levanon, D., Hadar, Y. & Chet, I. (1994). 
The role of source-sink relationship in 
translocation during sclerotial formation by 
Morchella esculenta. Mycological Research, 
98, 1409-1414. 

Amir, R., Levanon, D., Hadar, Y. & Chet, I. (1995). 
Factors affecting translocation and sclerotial 
formation in Morchella esculenta. Exp. 
Mycol., 19, 61-70. 

Amir, R., Levanon, D., Hadar, Y. & Chet. I. 
(1993). Morphology and physiology of 
Morchella esculenta during sclerotial 
formation. Mycol. Res., 97(6), 683-689. 

Arkan, O. (1992). Morchella conica Pers. 
monoaskospor kulturlerinde hif fizyonlari ve 



 

Chander and Sharma          International Journal on Emerging Technologies   14(2): 30-52(2023)            47 
 

heterokaryon oluşumu [Hyphal fusions and 
heterokaryon formation between 
monoascosporous strains of Morchella 
conica Pers.] Turkish Journal of Biology, 16, 
203-216. 

Baati, T., Horcajada, P., Gref, R., Couvreur, P. & 
Serre, C. (2011). Quantification of fumaric 
acid in liver, spleen and urine by high-
performance liquid chromatography coupled 
to photodiode-array detection. J. Pharm. 
Biomed. Anal., 56, 758-762. 

Badshah, H., Qureshi, R. A., Khan, J., Ullah, F., 
Fahad, S., Ullah, F., Khan, A.M., Hussain, I. 
& Khan, N. (2012). Pharmacological 
screening of Morchella esculenta (L.) Pers., 
Calvatia gigantea (Batsch ex Pers.) Lloyd 
and Astraeus hygrometricus Pers., 
mushroom collected from South Waziristan 
(FATA). J. Med. Plants Res., 6(10), 1853-
1859. 

Bagal, Y. S., Nanda, R., Sharma, L. K., Raina, N. 
S., & Rizvi, S. E. H.  (2022). Analysis of 
Personal, Socio-economic Characteristics 
and Information Seeking Pattern of Non- 
Timber Forest Produce (NTFP) collectors of 
Jammu Region of J&K. Biological Forum – 
An International Journal, 14(2), 132-136. 

Bhattacharya, B. & Baruah, H. K. (1953). Fungi of 
Assam. Journal University of Gauhati., 4, 
287-312. 

Bhardwaj, K., Bhushan, B., Kumar, R., Guleria, S., 
& Kumar, H. (2019). Ethnomedicinal remedy 
for gastrointestinal disorders in rural and 
remote areas of Jammu and Kashmir: A 
review. Biological Forum – An International 
Journal (Research Trend), 11(1), 137-148. 

Baran, J., Boron, P. (2017). Two species of true 
morels (the genus Morchella, Ascomycota) 
recorded in the Ojców National Park (south 
Poland). Acta Mycol., 52(1), 1094. 

Barros, L., Heleno, S. A., Carvalho, A.M., & 
Ferreira, I.C.F.R. (2010). Lamiaceae often 
used in Portuguese folk medicine as a 
source of powerful antioxidants: vitamins and 
phenolics. LWT- Food Science and 
Technology, 43, 544-550. 

Batra, L. R. (1983). Edible discomycetes and 
gasteromycetes of Afghanistan, Pakistan 
and North India. Biologia. 29, 293-304. 

Boa, E. (2004). Wild Edible Fungi: A Global 
Overview of their Use and Importance to 
People. Non-wood Forest Product Series No. 
17. Food and Agriculture Organization of the 
United Nations, Rome, Italy. 147. 

Boddy, L. (1984). The micro-environment of 
basidiomycete mycelia in temperate 
deciduous woodlands. In: Jennings, D.H., 
Rayner, A.D.M. (Eds.), Ecology and 
Physiology of the Fungal Mycelium. 
Cambridge University Press, Cambridge. 
261-289. 

Buscot, F. & Kottke, I. (1990). The association of 
Morchella rotunda (Pers.) Boudier with roots 
of Picea abies (L.) Karst. New Phytologist., 
116, 425-430. 

Buscot, F. & Roux, J. (1987). Association 
between living roots and ascocarps of 
Morchella rotunda. Transactions of the British 
Mycological Society, 89, 249-252. 

Buscot, F. (1989). Field observations on growth 
and development of Morchella rotunda and 
Mitrophora semilibera in relation to forest soil 
temperature. Canadian Journal of Botany, 
67, 589-593. 

Buscot, F. (1992). Strategies ecologiques et 
biologiques des morilles. Cryptogamie 
Mycologia, 13, 171-179. 

Buscot, F. (1993). Mycelia differentiation of 
Morchella esculenta in pure culture. 
Mycological Research, 97, 136-140. 

Carpenter, S. E., Trappe, J. M. & Ammirati, J. 
(1987). Observation of fungal succession in 
Mount St Helens devastation zone, 1980-
1983. Canadian Journal of Botany, 65, 716- 
728. 

Chang, S. T. & Mshigeni, K. (2001). Mushrooms 
and human health: Their growing 
significance as potent dietary supplements 
University of Namibia Windhoek. 24-57. 

Chang, S. T. (1991) in Hand Book of Applied 
Mycology (eds Arora, D.K., Mukerji, K.G. and 
Marth, E.H.), Marcel Dekker, New York. 221-
240. 

Christine, J. G. D., Pugh, N., Pasco, D. S. & Ross, 
S. A. (2002). Isolation of a galactomannan 
that enhances macrophage activation from 
the edible fungus Morchella esculenta. J. 
Agric. Food Chem., 50(20), 5683–5685. 

Collins, T. (1999). Acute and chronic inflammation. 
In Textbook of Robbins Pathologic Basis of 
Diseases (eds R. S. Cotran, V. Kumar and T. 
Collins), W.B. Sounders Company, 
Philadelphia. 50-51. 

Croft, K. D. (2016). Dietary polyphenols: 
Antioxidants or not?. Arch. Biochem. 
Biophys, 595, 120-124. 

Dörfelt, H. (2013). "Morchellaceae". In Hanelt P. 
Mansfeld's Encyclopedia of Agricultural and 
Horticultural Crops: (Except Ornamentals). 
Mansfeld's Encyclopedia of Agricultural and 
Horticultural Crops. 

Duncan, C., Pugh, J., Pasco, G., David, N., Ross, 
S. & Samir, A. (2002). Isolation of a 
galactomannan that enhances macrophage 
activation from the edible fungus Morchella 
esculenta. J. Agric. Food Chem., 50, 5683-
5685. 

Elliott, C. G. (1994). Reproduction in Fungi. 
Genetical and Physiological Aspects. 
Chapman & Hall, London. 

Elmastas, M., Turkekul, I., Ozturk, L., Gulcin, I., 
Isildak, O. & AboulEnein, H. Y. (2006). 
Antioxidant activity of two wild edible 



 

Chander and Sharma          International Journal on Emerging Technologies   14(2): 30-52(2023)            48 
 

mushrooms (Morchella vulgaris and 
Morchella esculenta) from North Turkey. 
Comb. Chem. High Throughput Screening, 
9, 443-448. 

Emery, M. R. & Barron, E. S. (2010). Using local 
ecological knowledge to assess morel 
decline in the U.S. mid-Atlantic region. Econ. 
Bot., 64(3), 205-216. 

FAO (2002). Non-wood forest products from 
temperate broad-leaved trees, by Ciesla, 
W.M., FAO NWFP Series No. 15, Rome, 
125. 

Fasidi, I. O. & Kadiri, M. (1990). Changes in 
nutritional content of two Nigerian 
mushrooms (T. robustus and L. subnudus) 
during sporophore development. Die. 
Nahrung., 34, 415-420. 

Fayaz, A. L., Lone, S., Aziz, M. A. & Malla, F. A. 
(2012). Ethnobotanical Studies in the Tribal 
areas of district Kupwara, Kashmir, India. Int. 
J. Pharma. Bio Sci., 3(4), 399-411. 

Ferreira, I.C.F.R., Barros, L. & Abreu, R. M. 
(2009). Antioxidants in wild mushrooms. 
Curr. Med. Chem., 16(12), 1543-1546. 

Ferreira, I.C.F.R., Vaz, J. A., Vasconcelos, M. H. & 
Martins, A. (2010). Compounds from wild 
mushrooms with antitumour potential. 
Anticancer Agents Med. Chem., 10(5), 424- 
436. 

Franz, G. (1989). Polysaccharides in Pharmacy: 
Current Applications and Future Concepts. 
Planta Med., 55, 493-497. 

Fries, E. M. (1753). Species Plantarum (in Latin). 
Bot. J. Linn. Soc., 67, 1178-79. 

Gadgil M., Birkes F. & Folkes C. (1993). 
Indigenous Knowledge of Biodiversity 
Conservation. Ambio., 22, 151-160. 

Garcia, M. A., Alonso, J., Fernandez, M. I. & 
Melgar, M. J. (1998). Lead content in edible 
wild mushrooms in Northwest Spain as 
indicator of environmental contamination. 
Archives of Environmental Contamination 
and toxicology, 34, 330-335. 

Genccelep, H., Uzun, Y., Tunccturk, Y. & Demirel, 
K. (2009). Determination of mineral contents 
of wild-grown edible mushrooms. Food 
Chem., 113(4), 1033-1036. 

Ghrude, V. R. & Wakode, D. D. (1981) A new 
report of Morchella from Central India. Indian 
Journal of Mycology and Plant Pathology, 
11, 314-315. 

Gibbs, J. B. (2000). Mechanism based target 
identification and drug discovery in cancer 
research. Sci., 287(5460), 1967-1973. 

Gilani, S. S., Abbas, S. Q., Shinwari, Z. K., 
Hussain, F. & Nargis, K. (2003) 
Ethnobotanical studies of Khurram agency, 
Pakistan through rural community 
participation. Pak. J. Biol. Sci., 6(15), 1368-
1375. 

Gilbert, F. A. (1960) The submerged culture of 
Morchella. Mycologia. 52, 201-209. 

Gonzales, G. B., Smagghe, G., Grootaert, C., Zotti, 
M., Raes, K., & Camp, J. V. (2015) Flavonoid 
interactions during digestion, absorption, 
distribution and metabolism: a sequential 
structure–activity/property relationship-based 
approach in the study of bioavailability and 
bioactivity. Drug Metab. Rev., 47, 175-190. 

Guillamon, E., Lafuente, A. G., Lozano, M., Arrigo, 
M. D., Rostagno, M. A., Villares, A. & 
Martinez, J. A. (2010). Edible mushrooms: 
Role in the prevention of cardiovascular 
diseases. Fitoterapia. 81, 715-723. 

Gursoy, N. (2009). Antioxidant activities, metal 
contents, total phenolics and flavonoids of 
seven Morchella species. Food and Chem. 
Toxicol., 47, 2381-2388. 

Gutteridge, J. M. & Halliwell, B. (2010) 
Antioxidant: molecules, medicines and 
myths. Biochem. Biophys. Res. Commum. 
393(4), 561-564. 

Halder, S. & Sharma, A. (2017). Student of 
Pharmacy, Manav Bharti University, Village- 
Laddo, Sultanpur, Kumar Hatti, Solan, 
Himachal Pradesh. Asst. Professor 
Department of 

Pharmacy, Manav Bharti University Solan, Village- 
Laddo, Sultanpur, Kumar Hatti, Solan, 
Himachal Pradesh. A Review on urtica 
dioical., 6(10), 404-42. 

Halliwell, B. (2012). Free radicals and antioxidants: 
updating a personal view. Nutr. Rev., 70(5), 
257-265. 

Hamayun, M., Khan, M. A. & S. Begum, S. (2003). 
Marketing of medicinal plants of Utror-Gabral 
Valleys, Swat, Pakistan. J. Ethnobot. 
leaflets, SIUC, USA. 

Hamayun, M., Khan, S. A., Ahmad, H., Shin, D. H. 
& Lee, I. J. (2006). Morel collection and 
marketing: A case study from the Hindu-
Kush mountain region of Swat, Pakistan. 
Lyonia J. Ecol. Appl., 11(2), 7-13. 

Hassan, H., Murad, W., Ahmad, N., Tariq, A., 
Khan, I., Akhtar, N. & Jan, S. (2015). 
Idigenous uses of the Plants of Malakand 
Valley, District Dir (Lower), Khyber 
Pakhtunkhwa, Pakistan. Pak. J. Weed Sci. 
Res., 21(1), 83-99. 

Heleno, S., Martins, A., Queiroz, A., M.J.R. & 
Ferreira, I. C. (2015). Bioactivity of phenolic 
acids: Metabolites versus parent 
compounds: A review. Food Chem. 173, 
501-513. 

Heleno, S. A., Stojkovic, D., Barros, L., Glamoclija, 
J., Sokovic, M., Martins, A., Queiroz, M.J.R. 
& Ferreira, I. C. (2013). A comparative study 
of chemical composition, antioxidant and 
antimicrobial properties of Morchella 
esculenta (L.) Pers. from Portugal and 
Serbia. Food Res. Int., 51, 236-243. 

Hibbett, D., Binder, M., Bischoff, J. F., Blackwell, 
M., Cannon, P. F., Eriksson, O. E., 
Huhndroff, S., James, T., Kirk, P. M. & 



 

Chander and Sharma          International Journal on Emerging Technologies   14(2): 30-52(2023)            49 
 

Lucking, R. (2007). A higher-level 
phylogenetic classification of the Fungi. 
Mycol. Res., 111, 509-547. 

Huffman, D. M. & Tiffany, L. H. (2001). Spring 
morels and false morels of midcontinental 
U.S. Bioscience. 27(4), 3-11. 

Iqbal, M. (2002). NTFPs and land tenure and 
resource ownership: problems and 
opportunities. Research and Development, 
Forest Department, NWFP. 

Kalac, P. (2009). Chemical composition and 
nutritional value of European species of wild 
growing mushrooms: A review. Food 
Chemistry, 113, 9-16. 

Kalac, P., Svoboda, L. (2000). Review of trace 
element concentrations in edible 
mushrooms. Food Chem. 69, 273-281. 

Kalyoncu, F., Oskay, M., Sağlam, H., Erdoğan, T. 
F., & Tamer, A. U. (2010). Antimicrobial and 
antioxidant activities of mycelia of 10 wild 
mushroom species. Journal of Medicinal 
Food, 13(2), 415-419. 

Kanwal, H. K., Acharya, K., Ramesh, G. & Reddy, 
M. S. (2011). Molecular Characterization of 
Morchella species from the Western 
Himalayan region of India. Current 
Microbiology, 62(4), 1245-52. 

Kaul, T. N. (1975). Studies of the genus Morchella 
in Jammu and Kashmir I. Soil composition in 
relation to carpophore development. Bulletin 
of the Botantical Society of Bengal. 29, 127-
134. 

Kaul, T. N. (1981). Cultural studies on morels. 
Mushroom Science, 11, 781-787. 

Kaul, T. N., Khurana, M. L., Kachroo, J. L., 
Krishna, A. & Atal, C. K. (1981). Myco-
ecological studies on morel bearing in 
Kashmir. Mushroom Science, 11, 789-795. 

Khan, M. A., Khan, M. A., Hussain, M. & Mujtaba, 
G. (2010). An Ethnobotanical Inventory of 
Himalayan Region Poonch Valley Azad 
Kashmir, Pakistan. Ethnobot. Res. Appl., 8, 
107-123. 

Kim, J. A., Lau, E., Tay, D., Esperanza, J. & de 
Blanco, C. (2011). Antioxidant and NF-κ B 
inhibitory constituents isolated from 
Morchella esculenta. Nat. Prod. Res., 25, 
1412-1417. 

Kumar, S., Zeireis, K., Wiegrebe, W. & Mullar, K. 
(2000). Medicinal plants from Nepal: 
evaluation as inhibitors of leukotriene 
biosynthesis. J. Ethnopharmacol., 70(3), 
191-195. 

Kunwar, R. M. (2002). Some Threatened MAPs: 
Status, Trade and Management Practice in 
Dolpa District, Nepal. Nat. Hist. Mus. J., 21, 
173-186. 

Kuo, M., Dewsbury, D. R. & O’Donnell, K. (2012). 
Taxonomic revision of true morels 
(Morchella) in Canada and the United 
States. Mycologia, 104, 1159-1177. 

Laala, G., Raja, M. U., Gardezi, S. R. A., Irshad, 
G., Akram, A. & Bodlah, I. (2019). Study of 
macro-fungi belonging to order Agaricales of 
Poonch District Azad Jammu and Kashmir. 
Pure and Applied Biology, 8(1), 27-33. 

Lakhanpal, T. N. & Shad, O. S. (1986). Studies on 
wild edible Mushrooms of Himachal Pradesh 
(N.W. Himalayas)-I. Ethnomycology, 
Production and Trade of Morchella species. 
Indian J. Mush., 12(13), 5-13. 

Lakhanpal, T. N., Shad, O. & Rana, M. (2010). 
Biology of Indian Morels. 266. I.K. 
International Publishing House, New Delhi. 

Leal, A. R., Barros, L., Barreira, J. C. M., Sousa, 
M. J., Martins, A., Santos-Buelga, C., & 
Ferreira, I.C.F.R. (2013). Portuguese wild 
mushrooms at the "Pharma-Nutrition" 
interface: Nutritional characterization and 
antioxidant properties. Food Research 
International., 50, 1-9. 

Li, S. H., Sang, Y. X., Zhu, D., Yang, Y. N., Lei, Z. 
F. & Zhang, Z. Y. (2013). Optimization of 
fermentation conditions for crude 
polysaccharides by Morchella esculenta 
using soybean curd residue. Ind. Crop. Prod. 
50, 666-672. 

Lincoff, G. & Mitchel, D. H. (1977). Toxic and 
hallucinogenic mushroom poisoning. A 
handbook for physicians and mushroom 
hunters, New York, USA, Van Nostrand 
Reinhold Company. 267. 

Litchfteld, J. H., Vely, V. G. & Overbeck, R. C. 
(2006). Nutrient content of morel mushroom 
mycelium: amino acid composition of the 
protein. J. Food Sci., 28(6), 741-743. 

Liu, C., Li, P., Mao, Q. & Jing, H. (2016). 
Antihyperlipidemic effect of endo- 
polysaccharide of Morchella esculenta and 
chemical structure analysis. Oxid. Commun., 
39, 968-976. 

Mahmood, A., Malik, R. N., Shinwari, Z. K. & 
Mahmood, A. (2011). Ethnobotanical survey 
of plants from Neelum, Azad jammu & 
kashmir, Pakistan. Pak. J. Bot., 43, 105-110. 

Masaphy, S., Zabari, L., Goldberg, D. & Jander-
Shagug, G. (2010). The complexity of 
Morchella systematics: A case of the yellow 
morel from Israel. Fungi, 3, 14-18. 

Mattila, P., Konko, K., Eurola, M., Pihlawa, J. M., 
Astola, J., Lietaniemi, V., Kumpulainen, J., 
Valtonen, M. & Piironen, V. (2001). Contents 
of vitamins, mineral elements, and some 
phenolic compounds in cultivated 
mushrooms. J. Agric. Food Chem., 49, 2343-
2348. 

Mattila, P., Lampi, A.M., Ronkainen, R., Toivo, J. & 
Piironen, V. (2002). Sterol and vitamin D2 
contents in some wild and cultivated 
mushrooms. Food Chem., 76, 293-298. 

Mau, J. L., Chang, C. N., Huang, S. J. & Chen, C. 
C. (2004). Antioxidant properties of 
methanolic extracts from Grifola frondosa, 



 

Chander and Sharma          International Journal on Emerging Technologies   14(2): 30-52(2023)            50 
 

Morchella esculenta and Termitomyces 
albuminosus mycelia. Food Chem. 87, 111-
118. 

Meng, F., Zhou, B., Lin, R., Jia, L., Liu, X., Deng, 
P., Fan, K., Wang, G., Wang, L. & Zhang, J. 
(2010). Extraction optimization and in vivo 
antioxidant activities of exopolysaccharide by 
Morchella esculenta SO-01. Bioresour. 
Technol., 101(12), 4564- 4569. 

Miller, S. L., Torres, P. & Mc Clean, T. M. (1994). 
Persistence of basidiospores and sclerotia of 
ectomycorrhizal fungi and Morchella in soil. 
Mycologia, 86, 89-95. 

Moore, D., Gange, A. C., Gange, E. G. & Boddy, L. 
(2008). Fruit bodies: their production and 
development in relation to environment. In: 
Boddy, L., Frankland, J.C., van West, P. 
(Eds.), Ecology of Saprotrophic 
Basidiomycetes. Elsevier, Amsterdam. 79-
102. 

Munjal, R. L., Sharma, A.D. & Jandaik, C. L. 
(1977). Adaphic factors in relation to growth 
of Morchella species. Ind. J. Mush., 2, 49-50. 

Nantel, P., Gagnon, D. & Nault, A. (1996). 
Population viability analysis of American 
ginseng and wild leek harvested in a 
stochastic environment. Conserv. Biol., 10, 
608-621. 

Nautiyal, S., Maikhuri, R. K., Rao, K. S. & Saxena, 
K. G. (2001). J. Herb. Spices Med. Plants. 8, 
47-64. 

Negi, C. S. (2006) Morels (Morchella spp.) in 
Kumaun Himalaya. Nat. prod. Rad., 5(4), 
306-310. 

Nitha, B. & K. K. Janardhanan. (2008). 
Aqueousethanolic extract of morel 
mushroom mycelium Morchella esculenta, 
protects cisplatin and gentamicin induced 
nephrotoxicity in mice. Food Chem. Toxicol. 
46(9), 3193-3199. 

Nitha, B., Meera, C. R. & Janardhanan, K. K. 
(2007). Antiinflammatory and antitumour 
activities of cultured mycelium of morel 
mushroom, Morchella esculenta. Curr Sci., 
92, 235-239. 

O’Donnell, K., Rooney, A. P., Mills, G. L., Kuo, M., 
Weber, N. S. & Rehner, S. A. (2011). 
Phylogeny and historical biogeography of 
true morels (Morchella) reveals an early 
Cretaceous origin and high continental 
endemism and provincialism in the Holarctic. 
Fungal Genet. Biol., 48, 252-265. 

Ower, R. (1982). Notes on the Development of the 
Morel Ascocarp, Morchella esculenta. 
Mycologia, 74(1), 142-144. 

Ower, R., Milles, G. & Malachowski, J. (1986). 
Cultivation of Morchella. US Patent No. 
4594809. 

Paliwal, A., Bohra, A., Pillai, U. & Purohit, D. K. 
(2013). First report of Morchella –An edible 
morel from mount Abu, Rajasthan. Middle 
East J. Sci. Res., 18(3), 327-329. 

Pankaj, P., Kusum, C., Kandari, L. S., Maikhu, R. 
K., Aditya, R. P., Bhatt, P. R. & Rao, K. S. 
(2002). Morchella esculenta (Guchhi): Need 
for scientific intervention for its cultivation in 
Central Himalaya. Curr. Sci., 82(9), 1098-
1108. 

Persoon, C. H. (1801). Synopsis Methodica 
Fungorum., 2, 618. 

Pilz, D., McLain, R., Alexander, S., Villarreal-Ruiz, 
L., Berch, S., Wurtz, T. L., Parks, C. G., 
McFarlane, E., Baker, B., Molina, R., Smith, 
J. E. (2007). Ecology and Management of 
Morels Harvested from the Forests of 
Western North America. General Technical 
Report PNW-GTR-710. Portland: US 
Department of Agriculture, Forest Service, 
Pacific Northwest Research Station, 161. 

Prasad, N. and Gupta, K. (2023). Preliminary 
Phytochemical Profiles and Antioxidant 
Activities of Methanolic, Chloroform and 
Hexane Extracts of Alpinia galangal 
Rhizome and Morshella esculenta Mycelia. 
Biological Forum – An International Journal 
(Research Trend), 15(4), 550-556. 

Prasad, P., Chauhan, K., Kandari, L. S., Maikhuri, 
R. K., Purohit, A., Bhatt, R. P. & Rao, K. S. 
(2002). Morchella esculenta (Guchhi): Need 
for scientific intervention for its cultivation in 
Central Himalaya. Current Science, 82(9), 
1098-1100. 

Purkayastha, R.P. & Chandra, A. (1985). Manual 
of Indian Edible Mushrooms. Today and 
Tomorrow’s Printers and Publishers, New 
Delhi. 226. 

Raman, V.K., Saini, M., Sharma, A. & Dr. 
Parashar, B. (2018). “Probiotic properties of 
lactic acid bacteria isolated from animal 
sources”. International Journal of 
Development Research, 8(03), 19660-
19665. 

Rana, M. (2002). Ethnobotanical Studies on the 
Morels of District Kinnaur (H.P.) (M.Phil. 
Dissertation). Himachal Pradesh University, 
Shimla, India. 

Razaq, A., Rashid, A., Ali, H., Ahmad, H., & Islam, 
M. (2010). Ethnomedicinal Potential of 
Plants of Changa Valley District Shangla, 
Pakistan. Pak. J. Bot., 42(5), 3463-3475. 

Rehman, T., Syed, Z. S. & Rehman, N. (2000). 
Mushroom Cultivation, an Opportunity 
Seeking Business in Pakistan. NARC, 
Islamabad. 

Reis, F.S., Stojkovic, D., Sokovic, M., Glamoclija, 
J., Ciric, A., Barros, L. & Ferreira, I.C.F.R. 
(2012). Chemical characterization of 
Agaricus bohusii, antioxidant potential and 
antifungal preserving properties when 
incorporated in cream cheese. Food 
Research International, 48, 620- 626. 

Richard, F., Bellanger, J. M., Clowez, P., Hansen, 
K., O’Donnell, K., Urban, A., Sauve, M., 
Courtecuisse, R. & Moreau, P. A. (2015). 



 

Chander and Sharma          International Journal on Emerging Technologies   14(2): 30-52(2023)            51 
 

True morels (Morchella, Pezizales) of 
Europe and North America: Evolutionary 
relationships inferred from multilocus data 
and a unified taxonomy. Mycologia, 107, 
359-382. 

Roody, W. C. (2003). Mushrooms of West Virginia 
and the Central Appalachians. Lexington, 
Kentucky: University Press of Kentucky. 485. 

Rosa, L. H., Vieira, L.  M. A., Santiago, I. F., & 
Rosa, C. A. (2010). Endophytic fungi 
community associated with the 
dicotyledonous plant Colobanthus quitensis 
(Kunth) Bartl. (Caryophyllaceae) in 
Antarctica. FEMS Microbiology Ecology, 73, 
178-189. 

Rotzoll, N., Dunkel, A. & Hofmann, T. (2006). 
Quantitative studies, taste reconstitution, and 
omission experiments on the key taste 
compounds in morel mushrooms (Morchella 
deliciosa Fr.). J. Agric. Food Chem., 54, 
2705-2711. 

Royse, D. J., May, B. (1990). Interspecific allozyme 
variation among Morchella spp. and its 
inferences for systematic within the genus. 
Biochem. Syst. Ecol., 18(7-8), 475-479. 

Sabra, A. & Walter, S. (2001). Non-wood forest 
products in the Near East: A regional and 
national overview. Working paper 
FOPW/01/2. Non-wood Forest Products 
Programme, Forest Products Division, 
Forestry Department, Food and Agriculture 
Organization of the United Nations, Rome, 
Italy. 120. 

Salder, M. (2003). Nutritional properties of edible 
fungi. Brit. Nutr. Found Bull., 28, 305-308. 

Sayeed, R., Kausar, S. & Thakur, M. (2018). 
Studies on Medicinal Fungus from Kashmir 
Himalayas. Mushroom Research, 27(1), 77-
86. 

Schmidt, E. (1983). Spore germination and 
carbohydrate colonization by Morchella 
esculenta at different soil temperature. 
Mycologia. 75, 870-875. 

Semwal, K. C., Stephenson, S. L., Bhatt, V. K. & 
Bhatt, R. P. (2014). Edible mushrooms of the 
Northwestern Himalaya, India: a study of 
indigenous knowledge, distribution and 
diversity. Mycosphere, 5(3), 440-461. 

Sharma, A. & Arora, P. (2017). Research scholar, 
Faculty of Pharmacy, Madhav University, 
Pindwara, Rajasthan, INDIA, Dean, Faculty 
of Pharmacy, Madhav University, Pindwara, 
Rajasthan, India. anti fertility activity of hydro 
alcoholic extract of Trillium govanianum in 
ethinyl estradiol induced anti fertility model in 
rats. 7(3), 33-44. 

Sharma, B. M., Sud, D. & Singh, B. M. (1997). 
Natural occurrence of two strains of 
Morchella esculenta in Himachal Pradesh. 
Mushroom Res., 6(2), 63-64. 

Sher, H. & Al-yemeni, M. (2011). Economically and 
ecologically important plant communities in 

high altitude coniferous forest of Malam 
Jabba, Swat, Pakistan. Saudi J. Biol. Sci., 
18(1), 53-61. 

Sher, H., Aldosari, A. & Bussmann, R. W. (2015). 
Morels of Palas valley, Pakistan: A potential 
source for generating income and improving 
livelihoods of mountain communities. 
Economic Botany, 69(4), 345-359. 

Sher, H., Aldosari, A., Ali, A. & de Boer, H. J. 
(2014). Economic benefits of high value 
medicinal plants to Pakistani communities: 
an analysis of current practice and potential. 
J. ethnobiol. Ethnomed., 10(71), 1-16. 

Shittu, O. B., Alofe, F. V., Onawunmi, G. O., 
Ogundaini, A. O. & Tiwalade, T. A. (2005). 
Mycelial growth and antibacterial metabolite 
production by wild mushrooms. Afr. J. 
Biomed. Res., 8, 157-162. 

Siddhant, Singh, R., Singh, C. S. & Kanauija, R. 
S. (2014). A report on occurrence of 
Morchella sp. from district Faizabad, Uttar 
Pradesh. Trends in Biosciences, 7(17), 2473-
2474. 

Singdevsachan, S. K., Patra, J. K. & Thatoi, H. 
(2013). Nutritional and bioactive potential of 
two wild edible mushrooms (Lentinus sajor-
caju and Lentinus torulosus) from Similipal 
Biosphere Reserve, India. Food Science and 
Biotechnology, 22(1), 137-145. 

Singh, S. P., Singh, V. & Skutsch, M. (2010). Rapid 
warming in the Himalayas: Ecosystem 
responses and development options. 
Climate and Development, 2(3), 221-232. 

Smith, H. V. & Smith, A. H. (1970). The Non Gilled 
Fleshy Fungi. Mycologia. 66(4), 47-49. 

Tasi, S. Y., Weng, C. C., Huang, S. J., Chen, C. C. 
& Mau, J. L. (2006). Nonvolatile taste 
components of Grifolafrondosa, Morchella 
esculenta and Termitomyces albuminosus 
mycelia. LWT-Food Sci. and Technol., 
39(10), 1066-1071. 

Taskin, H. (2013). Detection of volatile aroma 
compounds of Morchella by Headspace Gas 
Chromatography Mass Spectrometry 
(HSGC/MS). Not. Bot. Horti. Agrobo., 41(1), 
122-125. 

Taskin, M., Erdal, S. & Genisel, M. (2011). 
Biomass and exopolysaccharide production 
by Morchella esculenta in submerged culture 
using the extract from waste loquat 
(Eriobotrya japonica L.) kernels. J. Food 
Process and Preserv., 35(5), 623-630. 

Tietel, Z. & Masaphy, S. (2018). True morels 
(Morchella) - nutritional and phytochemical 
composition, health benefits and flavor: A 
review. Critical Reviews in Food Science and 
Nutrition, 58(11), 1888-1901. 

Treseder, K. K. (2004). A meta-analysis of 
mycorrhizal responses to nitrogen, 
phosphorus, and atmospheric CO2 in field 
studies. New Phytologist., 164, 347-355. 



 

Chander and Sharma          International Journal on Emerging Technologies   14(2): 30-52(2023)            52 
 

USDA (2016). National Nutrient Database for 
Standard Reference Release 28. Basic 
Report 11228. USDA- United States 
Department of Agriculture. 

Volk, T. & Leonard, T. (1990). Cytology of the life-
cycle of Morchella. Mycological Research, 
94, 399-406. 

Volk, T. J., Leonard, T. J. (1989). physiological and 
environmental studies of sclerotium 
formation and maturation in isolates of 
Morchella crassipes. Applied and 
Environmental Microbiology, 55(12), 3095-
3100. 

Wagay, J. A. & Vyas, D. (2011). Phenolic 
quantification and anti-oxidant activity of 
Morchella esculenta. Int. J. Pharma. Bio. 
Sci., 2(1), 188-197. 

Wahid, M., Sattar, A. & Khan, S. (1988). 
“Composition of wild and cultivated 
mushrooms of Pakistan”. Mushroom Journal 
for the Tropics, 8(2), 47-51. 

Waraitchi, K.  S. (1976). The genus Morchella in 
India. Kavaka. Current Science, 82(4), 69-76. 

Wasser, S. P. & Weis, A. (1999) Medicinal 
properties of substances occurring in higher 
Basidiomycetes mushrooms: Current 
perspectives (Review). Int. J. Med. 
Mushrooms. 1, 47-50. 

Weber, N. S. (1995). A Morel Hunter’s Companion. 
Thunder Bay Press, Lansing, Michigan. 

Wei, Y., Zhang, T. & Ito, Y. (2001). Counter-current 
chromatographic separation of glycoprotein 
components from Morchella esculenta (L.) 
with a polymer phase system by a cross-
axis coil planet centrifuge. J. Chromato., 
917, 347-351. 

Yamaç, M. & Bilgili, F. (2006). Antimicrobial 
activities of fruit bodies and/or mycelial 
cultures of some mushroom isolates. 
Pharmaceutical biology, 44(9), 660-667. 

Yildiz, O., Can, Z., Laghari, A.Q., Şahin, H. & 
Malkoç, M. (2015) Wild edible mushrooms as 
a natural source of phenolics and 
antioxidants. J. Food Biochem., 39(2), 148-
154. 

 
How to cite this article: Hem Chander and Anchal Sharma (2023). Nutritional Qualities and Climate Change 
Induced Shift in Habitat Distribution of Morchella esculenta (L.) Pers. in Himachal Pradesh: A Review. International 
Journal on Emerging Technologies, 14(2): 30–52. 

 


