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ABSTRACT: The injection of exogenous materials into plant system for pest management is being followed since 
early years of twentieth century. Numerous studies on the tree injection have been done to explore the possibility of 
injecting chemicals into trees. Root feeding, stem or trunk injection have received significant results of nutrient and pest 
or disease management across the world. Owing to the  practical difficulties in foliar application of pesticides in tall 
trees like coconut, tree injection  became an alternative mode of pesticide delivery to target site. Although tree injections 
have some limitations, they also have some specific advantages over other methods of management such as minimized 
use of water and chemicals, reduction in the labour cost, effective management of target pests and environmental safety 
as non-target organisms can be protected from the effect of pesticides. Serious efforts are needed to standardizing of 
the technologies of administration for various chemicals under diverse environmental conditions to make it easy and 
ultimate for specify host plant / nutrient condition which cannot be properly addressed by other methods.
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INTRODUCTION

The injection of various exogenous materials into 
plants have been implemented as early in the middle of 
the twentieth century (Perry et al., 1991) and expanded in 
the 1970s. Early literatures show that supply of water to 
young transplanted trees through the cut end of the root 
was successful, thus suggested the possibility of injecting 
chemicals into trees (Cott, 1897). During 1910, tree 
injection with specific chemical, potassium ferrocyanide 
was reported for the control of insect pests (Sanford, 
1914; Shattuck, 1915). A review on ‘Methods of Tree 
Injection’ by May (1941) created interest for injection 
studies on plants. Gravitational method of liquid injection 
was reported to control the red palm weevil of coconut 
(Davis et al., 1954). Later the method of trunk injection 
with systemic insecticides has become an important 
practice against various insect pests that are difficult to 
control (Ginting and Desmier, 1987). During that period 
numerous studies on the tree injection have been done by 
North American researchers (Ferry and Gomez, 2013). 
A´cimovi´c et al. (2016) examined injection port damage 
and wound closure in apple trees. Similarly, Dalakouras 
et al. (2018) inspected the movement of hairpin and 
small-interfering RNAs in apple and grape trees. Uptake 
and translocation of antibiotics into the tree system was 
explored by Killiny et al. (2019). Berger and Laurent 
(2019) focuses on modern injection technologies and 

factors affecting the efficacy of chemicals. Leigh et al., 
(2022) reviewed the concepts of trunk injection method, 
physiological principles and concerns associated with 
the injection method. 

Considering the tree architecture of coconut, the palms 
have been exploited for pesticide administration through 
injection for management of different insect pests. 
Coconut palm, Cocos nucifera L. which belongs to family 
Arecaceae has been variously described as “console of the 
east”, “the tree of heaven”, the ‘Kalpavriksha’ because 
of its great versatility demonstrated for many domestic, 
commercial and industrial uses of its different parts like 
leaves, fruits, stem and roots. In India, coconut is grown 
under varied soil and climatic conditions in 17 States and 
3 Union Territories. The decrease in yields of coconut 
has been attributed to a number of factors consisting 
of biotic and abiotic factors. Among the biotic factors, 
the insect pests and mites are very important. Amongst 
foliage pests, coconut black headed caterpillar, Opisina 
arenosella Walker (Lepidoptera: Oecophoridae) is one 
of the major and serious pests of coconut palm in India, 
Srilanka, Bangladesh and Myanmar. The pest during its 
larval stage causes serious damage to the leaves of the 
palm. In case of severe infestation, several hundreds or 
thousands of larvae could be observed on a single palm 
and affected palm often take several years to recover 
completely (Ramkumar, 2002). 
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ABSTRACT:The melon borer, Diaphania indica (Saunders) (Lepidoptera: Pyralidae), is a serious pest of tropical and
subtropical cucurbitaceous vegetables. A suitable artificial diet is desirable for producing uniform insects for commercial
purposes or research. Four new artificial diets (D-1, D-2, D-3 and D-4) and bitter gourd, the natural host plant of D. indica,
were used for rearing D. indica, and the life parameters were compared. The results indicated that insects could complete a
full life cycle after 3 generations, only when the larvae were fed bitter gourd or the diet D-1.The new artificial diet, D-1 was
formulated based on bitter gourd leaves, Momordica charantia (L.) and chick pea, Cicer arietinum L. Developmental
parameters like egg hatching, larval duration and longevity of the adult reared on the D-1 artificial diet were found to be
significantly improved relative to the other three diets (D-2, D-3 and D-4), but were not significantly better than those reared
on the host-plant bitter gourd. However, the rearing efficiency (i.e., larval - pupal survival, developmental duration of pupa
and fecundity of adults,) on the D-1 diet was on par with the rearing efficiency on bitter gourd. There were no significant
changes in reproductive potential after five successive generations of rearing on the new diet. These results indicated that
the newly developed diet could serve as a viable alternative to bitter gourd plant for continuous rearing of D. indica.
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INTROUCTION
Diaphania indica (Saunders) (Lepidoptera :

Pyralidae), known as melon borer, is one of the key pests
of cucurbitaceous vegetables like cucumber, muskmelon,
gherkin, bottle gourd, bitter gourd, snake gourd and so
on (Pandy, 1977; Ravi et al., 1998; Tripathi & Pandy,
1973, Segeren 1983, Viraktamath et al., 2003). D. indica
has been reported from South America, the Indian
subcontinent, Far East, South East Asia, the Pacific
islands, Australia, and Africa, as causing damage to one
or the other cucurbit round the year (Ke, Li, Xu &
Zheng, 1988; Peter & David, 1990; Ravi et al., 1997,
1998; Radhakrishnan & Natarajan, 2009, Capinera, 2001;
Peter & David, 1991). The larvae of D. indica feed on
flowers, leaves and fruits of cucurbits and cause 14% -
30% yield loss in different cucurbit crops (Jhala et al.,
2005; Singh and Naik, 2006). In order to make and
streamline pest control strategies, studies must be focused
on the biology, bionomics, behaviors, and ecology of the
pest. One has to coordinate these studies for the
availability of a nonstop and satisfactory supply of high
quality experimental insects. Development of artificial diet
has a distinct advantage in that the insect can be reared

throughout the year.There were not many serious
attempts to mass multiply D. indica in the laboratory.
However Ranganath et al. (2006) concentrated on
developing a cost-effective mass rearing techniques for
D. indica. Nevertheless, there are various issues related
to the artificial diet for the continuous rearing of this
species. The disadvantages include difficulty in the
accessibility of some of the components such as tender
gherk in fruit powder throughout the year and incapability
of the diet tosupport the egg and first instar development.
Therefore, artificial diet for this species should be
enhanced for nonstop rising in the laboratory to deliver
a large amount of uniform insects. Hence the point of
this study was to build up an artificial diet suitable for
the constant rearing of D. Indica without a loss of vigor
or reproductive potential.

MATERIALS AND METHODS
Experimental insects

A laboratory culture of D. indica was established in
the Bio control laboratory of Indian Institute of
Horticultural Research (ICAR-IIHR), Bengaluru, India
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ABSTRACT: The global popularity of milky mushrooms, Calocybe indica, is increasing due to their impressive size, 
appealing milky appearance, delicious taste, attractive colour, excellent shelf life, and unique texture. The casing layer 
is crucial for inducing fructification in milky mushrooms, providing moisture, physical support, and facilitating gas 
exchange. The present study evaluated various casing material combinations to find suitable options for commercially 
cultivation of milky mushroom C. indica. Different raw materials, viz., raw coir pith, Arka Fermented Cocopeat 
(AFC), MnSO4, milky mushroom grown substrate, and sandy, loamy soil, were evaluated individually and in different 
combinations. It was observed that the combination of AFC and sandy, loamy soil in a ratio of 60:40 resulted in a higher 
milky mushroom yield of 156.90g/kg wet substrate. Similarly, casing sandy loamy soil treated with MnSO4 (150 ppm) 
resulted in a higher yield of 198.83g/kg wet substrate. Additionally, the combination of casing soil and milky mushroom 
colonized substrate in a ratio of 90:10 led to a higher mushroom yield of 174g/kg wet substrate. The casing combination 
of the mushroom colonized substrate (10%), MnSO4 (100 ppm), AFC (600g), and sandy loam soil (400g) exhibited the 
highest mushroom yield of 241.2g/kg wet substrate.   

Keywords: AFC, Calocybe indica, casing, milky mushroom, MnSO4, spawn, CAC-ing.

INTRODUCTION 

The milky mushroom, Calocybe indica, also known 
as the white summer mushroom or Dudh Chhatta, is 
gaining global popularity due to its impressive size, 
appealing milky appearance, delicious taste, attractive 
color, excellent shelf life, and unique texture (Chadha 
and Sharma, 1995). It is now India's third most 
commercially grown mushroom, following the white 
button (Agaricus bisporus) and oyster (Pleurotus spp.) 
mushrooms. Initially collected in the wild from West 
Bengal, India, by Purkayastha and Chandra in 1974, 
the production technology for Calocybe indica was 
introduced by Purkayastha and Nayak in 1979 and further 
improved in 1981. The ICAR-IIHR has standardized its 
cultivation technology. Milky mushrooms are becoming 
increasingly prevalent worldwide due to their robust size, 
attractive milky appearance, delicious taste, appealing 
color, excellent shelf life, unique texture, and sustainable 
yield (Chang, 2007; Alam et al., 2010). Unlike most 
edible mushrooms, which require low temperatures (< 
25°C) for commercial cultivation, the milky mushroom 
thrives in warmer climates (30–35°C), making it suitable 
for hot, humid regions throughout the summer (Pani, 
2010; Kumar et al., 2012). This adaptability addresses 
the challenge of cultivating mushrooms in warm weather 
without the need for expensive infrastructure (Thakur 
and Singh, 2014).

In commercial cultivation, casing is a crucial 
agronomic practice for milky mushrooms. The casing 

layer, applied after the germination phase, stimulates 
the transition from vegetative to reproductive growth 
(Pardo et al., 2004). Effective casing materials must 
have high water-holding capacity, good air-space ratio, 
porosity, and bulk density (Yadav, 2006). Researchers 
have used various materials for casing, including peat 
moss, loam soil, spent mushroom substrate, coconut coir, 
biogas slurry, and farmyard manure (Krishnamoorthy 
et al., 2000). The CAC-ing technique (Compost Added 
at Casing) involves adding small amounts of fully 
colonized mushroom mycelium substrate to the casing 
soil, potentially increasing mushroom yield (Ratnoo 
and Anila Doshi, 2012). This promising technology, 
currently used in button mushroom cultivation, could be 
experimented with for milky mushrooms. The quality of 
the casing layer is influenced by factors such as texture, 
compactness, pH, structure, water holding capacity, 
porosity, and bulk density. Traditionally, growers have 
used locally available soils, well-decomposed spent 
compost, and farmyard manure as casing materials. 
However, exploring new alternative combinations can 
lead to consistent and improved biological efficiency. 
The present study focuses on developing new casing 
material formulations (different casing combinations, 
CAC-ing experiments, and micronutrients) to achieve 
consistent higher biological efficiency and improved 
cultivation methods for C. indica in tropical regions.

MATERIALS AND METHODS

Studies were conducted during 2017-21 at ICAR-
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Indian Institute of Horticultural Research, Bengaluru. 
Various raw materials were used during experimentation, 
including raw coir pith, Arka fermented cocopeats, 
MnSO4, mushroom-grown substrate, and soil. Standard 
mycological techniques were followed, such as pure 
culture production through tissue culture, maintaining 
pure cultures through sub-culture, and using low-
temperature and sterile water storage methods. 
Cultivation experiments were conducted on sterile 
paddy straw, raw coir pith, commercial coco peat, and 
Arka fermented cocopeats (sterilized at 121°C, 15-18 psi 
pressure, for 25 minutes to 2 hours, depending on the 
substrate). Spawn was prepared using sterile sorghum 
grains (sterilized at 121°C, 15-18 psi pressure, for 3 
hours). Polypropylene (PP) bags of the required sizes 
were used as containers for both spawn production and 
mushroom cultivation. Cultures were inoculated under 
laminar airflow conditions and incubated at 30±20C. 
The cultivation experiments were inoculated with 5% 
spawn in a spawning room and incubated in a spawn-
running room under ambient conditions. After the 
complete spawn run, the bags were cased according to 
treatment requirements, and necessary humidity, light 
and ventilation were maintained using a high-pressure 
pump fogger.

Casing material preparation: Casing substrate mixing 
was prepared as required, and mixed cased material with 
60-70% moisture was mixed with chalk powder (8%) to 
bring the pH to 7.5-8. It was then pasteurized at 80oC for 
2 hours.

RESULTS 

The results indicated that the highest yields were 
achieved with soil (100%), raw coir pith + soil (60:40), 
and raw coir pith + soil (20:80), recording 139.67g, 
133.97g and 128.40g per kg of wet substrate, respectively 
(Table 1). Raw coir pith contains lignin, which inhibits 
mushroom fungus growth, resulting in poor yields. 
Therefore, the highest yields were obtained from soil 
alone (Control), raw coir pith + soil (60:40), and raw 
coir pith + soil (20:80). Similar findings of lower yields 
with coir pith were reported by Chinara and Mahapatra 
(2022). Compared to other substrates, the poor growth 
of C. indica mycelium in coir pith likely influenced the 
mushroom production in the present study. It can be 
concluded from this study that fresh coir pith delays 
the growth of C. indica. Pani (2012) also observed a 
gradual reduction in fruiting bodies and productivity 
with delayed casing soil application.

Table 1. Study of different combinations of raw coconut coir pith along with soil for production of C. indica on 
paddy straw substrate

Treatment
2017-18 2018-19 Average 

Yield (g) BE (%) Yield (g) BE (%) Yield (g) BE (%)

Raw coir pith (100%) 102.7 29.34 83.8 23.94
92.10

26.36

Raw coir pith + Soil (80:20) 103.8 29.66 106.2 30.34 128.40 36.78

Raw coir pith + Soil (60:40) 69.7 19.91 114.2 32.63 133.97 38.39

Raw coir pith + Soil (40:60) 94.7 27.06 131 37.43 86.27 24.67

Raw coir pith + Soil (20:80) 140.7 40.20 130.2 37.20 121.60 34.79

Soil (100%) 161.3 46.09 129.9 37.11 139.67 39.97

CV
CD(0.01)

4.68
4.24

5.34
3.93

During 2017-18 and 2018-19, six different 
combinations of commercial cocopeat pith and soil were 
evaluated as casing materials for the growth and yield of 
C. indica on a paddy straw substrate. The results showed 
that casing with soil (100%) and commercial coco pith 

+ soil (60:40) yielded higher results, with 138.10g and 
126.05g per kg of wet substrate, respectively (Table 2). 
Applying casing materials provides physical support to 
the milky mushrooms in the bags and induces sporophore 
formation. Additionally, Kerketta et al. (2018) found 
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that various casing materials positively affected the 
growth and yield of milky mushrooms. Casing soil 
protects and supports mushrooms against pests and 
diseases, aids in developing sporophores, and facilitates 

gaseous exchange necessary for mushroom growth and 
development (Krishnamoorthy, 2016). Similar results 
were also reported by Satish et al. (2022) and Amin et 
al. (2010).

Table 2. Study of different combinations of commercial cocopeat along with soil for production of C. indica on 
paddy straw substrate

Treatment
2017-18 2018-19 Average

Yield (g)    BE (%)   Yield (g)  BE (%)   Yield (g)   BE (%)

Commercial coco pith (100%) 139.3 39.46 91.3 26.09 115.30 32.78

Commercial coco pith + Soil (80:20) 79.5 22.52 126.9 36.26 103.20 29.39

Commercial coco pith + Soil (60:40) 116.9 33.12 135.2 38.63 126.05 35.88

Commercial coco pith + Soil (40:60) 78.8 22.32 142.8 40.80 110.80 31.56

Commercial coco pith + Soil (20:80) 94.4 26.74 137 39.14 115.70 32.94

Soil  (100%) 146.3 41.44 129.9 37.11 138.10 39.28

CV
CD(0.01)

During 2017-18 and 2018-19, six combinations of 
Arka fermented cocopeat (AFC) and soil were evaluated 
as casing materials for the growth and yield of C. indica 
on a paddy straw substrate. The results indicated that 
AFC + soil (60:40) and AFC + soil (80:20) yielded 
higher mushroom yield, with 156.90g and 146.25g per 
kg of wet paddy straw substrate, respectively, compared 

to the other treatments. The lowest yield was recorded 
with control soil (100%) at 113.45g per kg wet substrate 
(Figure 1). Pradeep Singh Shekhawat et al. (2023) 
also reported similar results: commercial cocopeat 
combination treatments obtained the highest mushroom 
yields.

Commercial coco pith + Soil (60:40) 116.9 33.12 135.2 38.63 126.05 35.88

Commercial coco pith + Soil (40:60) 78.8 22.32 142.8 40.80 110.80 31.56

Commercial coco pith + Soil (20:80) 94.4 26.74 137 39.14 115.70 32.94

Soil (100%) 146.3 41.44 129.9 37.11 138.10 39.28
C

CD(0.
5.88
5.65

4.56
5.86

During 2017-18 and 2018-19, six combinations of Arka fermented cocopeat (AFC) and 
soil were evaluated as casing materials for the growth and yield of C. indica on a paddy straw 
substrate. The results indicated that AFC + soil (60:40) and AFC + soil (80:20) yielded higher
mushroom yield, with 156.90g and 146.25g per kg of wet paddy straw substrate, respectively, 
compared to the other treatments. The lowest yield was recorded with control soil (100%) at 
113.45g per kg wet substrate (Figure 1). Pradeep Singh Shekhawat et al. (2023) also reported 
similar results: commercial cocopeat combination treatments obtained the highest mushroom 
yields.

Fig. 1. Effect of different combinations of Arka fermented Cocopeat (AFC) along with soil 
on production of C. indica with paddy straw substrate

During 2019-20 and 2020-21, five different concentrations of MnSO4 and soil were 
tested as casing materials for the growth and yield of C. indica on a paddy straw substrate. The 
results showed that casing soil treated with 150 ppm MnSO4 recorded the highest yield at 
198.83g per kg of wet substrate, followed by casing soil treated with 100 ppm MnSO4, which 
yielded 193.77g per kg. The lowest yield was recorded in the control group (soil), with 135.55g 
per kg wet substrate (Table 4). MnSO4 content was analyzed in all harvested mushroom samples, 
and the results indicated that the MnSO4 treated casings had significantly higher MnSO4 content 
than the untreated control (Figure 2). Similar findings were reported by David et al. (2006), who 
observed that adding manganese to casing soil increased button mushroom yield by 9.6% to 
11.8% compared to the control. Saheb and Golnoosh (2023) also reported that applying 
manganese and iron to casing soil increased button mushroom yield by 11.2% compared to the
control.

Fig. 1. Effect of different combinations of Arka fermented Cocopeat (AFC) along with soil on 
production of C. indica with paddy straw substrate
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During 2019-20 and 2020-21, five different 
concentrations of MnSO4 and soil were tested as casing 
materials for the growth and yield of C. indica on a 
paddy straw substrate. The results showed that casing 
soil treated with 150 ppm MnSO4 recorded the highest 
yield at 198.83g per kg of wet substrate, followed by 
casing soil treated with 100 ppm MnSO4, which yielded 
193.77g per kg. The lowest yield was recorded in the 
control group (soil), with 135.55g per kg wet substrate 
(Table 4). MnSO4 content was analyzed in all harvested 

mushroom samples, and the results indicated that the 
MnSO4 treated casings had significantly higher MnSO4 
content than the untreated control (Figure 2). Similar 
findings were reported by David et al. (2006), who 
observed that adding manganese to casing soil increased 
button mushroom yield by 9.6% to 11.8% compared to 
the control. Saheb and Golnoosh (2023) also reported 
that applying manganese and iron to casing soil 
increased button mushroom yield by 11.2% compared to 
the control.

Fig. 2. Evaluation of different concentration of MnSO4 along with soil as a casing for 
growth and yield of milky mushroom

Five combinations of casing soil and mushroom-colonized substrate were evaluated for 
their impact on the growth and yield of C. indica grown on a paddy straw substrate. The results 
showed that the combinations of casing soil + mushroom-colonized substrate at ratios of 90:10 
and 92:8 recorded higher mushroom yields, producing 174 g and 169 g per kg of wet substrate, 
respectively. These yields were comparable and outperformed the other treatments and the 
control. The control group recorded the lowest yield, with 135.85 g per kg wet substrate (Fig 3). 
The CAC-ing technique was evaluated in this study and resulted in significant yield increases of 
36.13% to 43.01% over a 32-day harvest phase. The increased yields from the CAC-ing 
technique may be attributed to the higher population of Pseudomonas and improved aeration due 
to the addition of crushed colonized compost in the casing layers (Nair and Hayes, 1975). 

Fig. 3. Evaluation of Mushroom colonized substrate (CAC-ing) for production of 
milky mushroom C. indica

Six combinations of mushroom-colonized substrate, MnSO4, AFC+ soil, and control 
(soil) were evaluated as casing materials for the growth and yield of milky mushroom C. indica.
Results showed that the casing combination of mushroom-colonized substrate (10%) + MnSO4 
(100 ppm) + AFC (600 g) + soil (400 g) recorded the highest mushroom yield of 241.2 g/kg wet 
substrate. The combination of the mushroom colonized substrate (8%) + MnSO4 (150 ppm) + 
AFC (600 g) + soil (400 g), which yielded 208.6 g/kg wet substrate. The control treatment 
recorded the lowest yield of 174.4 g/kg wet substrate (Table 3). Similar results were obtained in 
previous studies that examined the effects of these treatments individually. However, this is the 
first time the combined effect of mushroom-colonized substrate, MnSO4, AFC, and soil as a 
casing formulation has been evaluated, and the combination significantly increased the milky 
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Fig. 2. Evaluation of different concentration of MnSO4 along with soil as a casing for 
growth and yield of milky mushroom

Fig. 3. Evaluation of Mushroom colonized substrate (CAC-ing) for production of 
milky mushroom C. indica

Five combinations of casing soil and mushroom-
colonized substrate were evaluated for their impact on 
the growth and yield of C. indica grown on a paddy straw 
substrate. The results showed that the combinations of 
casing soil + mushroom-colonized substrate at ratios 
of 90:10 and 92:8 recorded higher mushroom yields, 
producing 174 g and 169 g per kg of wet substrate, 
respectively. These yields were comparable and 
outperformed the other treatments and the control. The 

control group recorded the lowest yield, with 135.85 g 
per kg wet substrate (Fig 3). The CAC-ing technique 
was evaluated in this study and resulted in significant 
yield increases of 36.13% to 43.01% over a 32-day 
harvest phase. The increased yields from the CAC-ing 
technique may be attributed to the higher population of 
Pseudomonas and improved aeration due to the addition 
of crushed colonized compost in the casing layers (Nair 
and Hayes, 1975).  
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Six combinations of mushroom-colonized substrate, 
MnSO4, AFC+ soil, and control (soil) were evaluated 
as casing materials for the growth and yield of milky 
mushroom C. indica. Results showed that the casing 
combination of mushroom-colonized substrate (10%) 
+ MnSO4 (100 ppm) + AFC (600 g) + soil (400 g) 
recorded the highest mushroom yield of 241.2 g/kg wet 
substrate. The combination of the mushroom colonized 
substrate (8%) + MnSO4 (150 ppm) + AFC (600 g) + 
soil (400 g), which yielded 208.6 g/kg wet substrate. The 
control treatment recorded the lowest yield of 174.4 g/
kg wet substrate (Table 3). Similar results were obtained 
in previous studies that examined the effects of these 
treatments individually. However, this is the first time 

the combined effect of mushroom-colonized substrate, 
MnSO4, AFC, and soil as a casing formulation has been 
evaluated, and the combination significantly increased 
the milky mushroom yield. The varied production 
potential of different casing materials might be attributed 
to their distinct physical properties and nutritional 
compositions. Additionally, Kerketta et al. (2018) 
discovered that using various casing materials positively 
impacted the growth and yield of milky mushrooms. 
Casing soil protects mushrooms from pests and diseases, 
supports developing sporophores, and facilitates gaseous 
exchange, essential for growth and development (AS 
Krishnamoorthy, 2016). 

Table 3. Combination of Arka fermented cocopeat, Cacing and micronutrients along with casing soil on the 
growth and yield of milky mushroom C. indica

 Treatments Yield (g/kg wet substrate) Biological efficiency

Mushroom colonized substrate (8%) + 100 ppm MnSO
4
+ 

AFC + Soil (60:40) 
185.6 58.00

Mushroom colonized substrate (10%) + 100 ppm MnSO
4
+ 

(AFC + Soil (60:40))
241.2 75.38

Mushroom colonized substrate (8%) + 150 ppm MnSO
4
+ 

AFC + Soil (60:40)
208.6 65.17

Mushroom colonized substrate (10%) + 150 ppm MnSO
4
+ 

AFC + Soil (60:40)
200.3 62.59

Mushroom colonized substrate (8%) + 100 ppm MnSO
4
+ 

AFC + Soil (40:60)
206.3 64.48

Mushroom colonized substrate (10%) + 150 ppm MnSO
4
+ 

AFC + Soil (40:60)
199 62.19

Casing soil (100%) 174.4 54.51

CV
CD(0.01)

5.89
4.62

*AFC- Arka fermented cocopeat

CONCLUSION

The casing layer plays a crucial role in milky 
mushroom yield by containing microorganisms that 
induce environmental changes, aiding the transition from 
the vegetative to the reproductive stage. Additionally, 
this layer provides necessary moisture and physical 
support and facilitates gas exchange during fruiting 
body formation. Meeting all these parameters with soil 
or coco peat alone is challenging. Based on the present 
investigation, the tested casing materials, combined 

with the mushroom-colonized substrate, MnSO4, AFC, 
and soil, have potential commercial applications for 
achieving improved quality and higher yields of milky 
mushrooms in India.

REFERENCES 

Alam, N., Amin, R., Khair, A. and Lee, T. S. 2010. 
Influence of different supplements on the 
commercial cultivation of milky white mushroom. 
Mycobiology, 38 (3): 184–188.

A new casing formulation for milky mushroom, Calocybe indica

Pest Management in Horticultural Ecosystems
Vol. 30, No.1 pp 197-202 (2024)



202

Anurag Kerketta, Nand Kishore Pandey, H. K. 
Singh and C. S. Shukla. 2018. Effect of Straw 
Substrates and Casing Materials on Yield of Milky 
Mushroom (Calocybe indica P&C.) Strain CI-524. 
International Journal of Current Microbiology 
and Applied Sciences, 7(2): 317-322. 

Chadha, K. L. and Sharma, S. R. 1995. Mushroom 
Research in India: History, Infrastructure and 
Achievements. Advances in Horticulture, 13: 1-12.

Chang, S. T. 2007. Mushroom cultivation using the ZERI 
principle: Potential for application. Micologia 
Aplicada International, 19(2): 33–34.

David. A. Weil., Robert Beelman and David. M. 
Beyer. 2006. Manganese and other micronutrient 
additions to improve yield of Agaricus bisporus. 
Bioresource Technology, 97(8):1012-7.

Diego Cunha Zied, Marli Teixeira Almeida Minhoni, 
J. Emilio Pardo-González, and Arturo Pardo-
Giménez. 2010. American Society for Horticultural 
Science, 45(11): 1649-1653. 

Krishnamoorthy, A. S., Muthuswamy, M. T. and 
Nakkeeran, S. 2000. Technique for commercial 
production of milky mushroom Calocybe indica 
P&C. Indian Journal of Mushroom, 18, 19-23.

Kumar, R., Singh, G., Mishra, P. and Singh, R. 2012. 
Effect of different organic supplements and 
casing mixtures on yield of two strains of milky 
mushroom (Calocybe indica). Indian Phytopath, 
65, 399-403.

Chinara, N. and Mahapatra, S.S. 2022. Evaluation 
of casing materials on productivity of milky 
mushroom (Calocybe indica P&C). Mushroom 
Research, 31(2):167-170.

Pani, B. K. 2010. Evaluation of some substrates for 
cultivation of white summer mushroom (Calocybe 

indica). Research Journal of Agricultural Sciences, 
1(4): 357–359.

Pardo, A., Gonzalez, J. E. P., Pardo, J. and D.E. Juan, A. J. 
2004. Assessment of different casing materials for 
use as peat alternatives in mushroom cultivation: 
Evaluation of quantitative and qualitative 
production parameters. Spanish Journal of 
Agricultural Research, 2(2): 267-272.

Ratnoo, R.S. and Doshi, A. 2012. Evaluation of different 
casing materials and cacing in Agaricus bisporus 
cultivation. International Journal of Plant 
Protection, 5:136-140.

Ruhul Amin., Abul Khair., Nuhu Alam and Tae Soo Lee. 
2010. Mycobiology. 2010 Jun; 38(2): 97-101.

Saheb Soodaee Mashaee and Golnoosh Banitalebi. 2023. 
Effect of Manganese, Iron and Growth Promoting 
Bacteria on Some Quantitative and Qualitative 
Characteristics of Button Mushroom (Agaricus 
bisporus), A Study of Compost Added to a Casing 
Technique in Agaricus bisporus Cultivation from 
Phase III Bulk Compost, 54(3):369-382.

Thakur, M. P. and Singh, H. K. 2014. Advances in the 
cultivation technology of tropical mushrooms in 
India. JNKVV Research Journal, 48(2): 120–135.

Yadav, R. S. 2006. Use of vermiproducts in the cultivation 
of milky mushroom (Calocybe indica). Doctoral 
dissertation. Dharwad, India: UAS.

Yaddanapudi Satish., Renuka Devi Sri.P., Dr. Krishna 
Mohan .K., Pranitha .G., Divya .V.,  Niharika, P., 
Swetha, P., Maheshwari, K., Sowmya, T., Kavya 
Sree,G., Rejuslin Bruitjo. R. S. and Varsha Reddy 
Patlolla. 2022. Impact of different casing materials 
for production of milky mushroom (Calocybe 
indica). International Journal for Research in 
Applied and Natural Science, 8(10): 202-205. 

MS Received: 05 May 2024
MS Accepted: 29 May 2024

C. Chandrashekara et al.

Pest Management in Horticultural Ecosystems
Vol. 30, No.1 pp 197-202 (2024)


