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Under present investigation, AMMI (Additive main effects and multiplicative interaction)
model was validated to study and identify the stable genotype in Volvariella volvacea
(Paddy straw mushroom) under varied environmental conditions. A slight change in
temperature and humidity can cause larger difference in the crop yield. Moreover, the
identification of strain selection criteria for better yield is also needed to be identified for
genetic improvement. The six strains of Volvariella volvacea (DMRO888, DMRO886,
DMRO463, DMRO889, DMRO885 and DMRO484) were cultivated on cotton ginning
mill waste substrate for the characterization of their agronomical traits. The correlation
studies showed that yield was highly positively correlated with six traits namely total fruit
body length (TFBL), Pileus diameter (PD), Gill width (GW), Stipe length (SL), Fruit body
weight (FBW)and fruit body number (FBN) while it is negatively correlated with spawn
run time (SRT). The DMRO463 was found most stable and average yielder is the all
environment. Further the path correlation identified that PD and FBN traits are the best
criteria for the selection of high yielding strain in screening experiments.

Introduction
Paddy
straw
mushroom
(Volvariella
volvacea) is an edible mushroom of warm and
humid areas and it is known for its nutritional
value, unique aroma and texture. It grows
well between 28 and 340C temperature (Bao
et al., 2013; Chang, 1969, 1978; Tao et al.,
2014). This mushroom ranks sixth in the
global production of cultivated mushrooms
and accounts for 5–6% of world production
(Buswell and Chen, 2005).It has signiﬁcant

pharmacological
properties,
including
antitumor
polysaccharides,
immune
suppressive proteins and immunomodulatory
lectins (Kishida et al., 1992; She et al., 1998).
Compared to many cultivated species of
mushrooms, the productivity of V. volvacea is
relatively low (Chang, 1974). The reasons for
the low productivity of the paddy straw
mushroom could be many, however, lack of
stable yield and efficient selection criteria is
of utmost importance. Since yield is affected
by many traits therefore it is necessary to find
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out such characters which are linked to the
yield directly or indirectly. Environmental
factors like growing seasons, temperature,
humidity etc. either put positive or negative
impacts on genotypes. The interaction effect
of genotype (G) and environment (E)
complicates the selection of superior
genotypes
under
different
sets
of
environmental conditions. G x E interaction
made it possible to confirm particular
genotypes of V. volvacea being superior in
particular environments. The hypothesis of
our experiment was to find the stable variety
of V.volvacea, which can provide a uniform
and high yield in all season and to assess the
most influential traits affecting the yield
positively. So that it can be used for selection
in genetic improvement programme.
Materials and Methods
The present investigation was carried out
during the years 2017-2018 at ICARDirectorate of Mushroom Research, Solan,
Himachal Pradesh. The six
strains
(DMRO888,
DMRO886,
DMRO463,
DMRO889, DMRO885 and DMRO484) of
Volvariella volvacea were cultivated in three
different times i.e. June-July (E1), AugustSeptember (E2) and November-December
(E3) for identification of stable cultivar for
commercial breeding. The three cropping
season was taken as three different
environment namely E1, E2 and E3.
Ready to use spawn of test strains was
prepared by using chopped paddy straw.
Cotton ginning mill waste was utilized as
substrate to evaluate the test of V. volvacea
strains under this study. Substrate was
composed for 4 days outdoor and then
pasteurized/conditioned for 4 days in the
cropping room itself. Beds were prepared
with 20 kg wet substrate on the shelves of
iron racks. During spawn run, temperature of
32±20C was maintained in the cropping room.

After the spawn run the temperature
difference were created during the cropping
by inducing fresh air thus temperature were
kept 32-340C for E1, 30-320C for E2 and
280C-300C for E3.Water was sprayed on the
beds, if moisture in substrate found below the
desired level.
Each trial was conducted in Randomized
complete block design (RCBD) with seven
replications. Each strain was planted in beds
and each bed was taken as replication for the
experiment. The identification of yield related
traits for genotype environment interaction
(G×E) was also studied for possible yield
related traits (Dia et al., 2017). The totals of
eleven observations were taken in related to
yield and related traits. The following traits
data was taken during the experiment viz.
Spawn run time (SRT), Total fruit body
length (TFBL), Pileus diameter (PD), Gill
width (GW), Stipe top width (STW), stipe
base width (SBW), Stipe length (SL), Basal
diameter (BD), Fruit body number (FBN),
Fruit body weight (FBW) and Yield (Y). The
correlation and path correlation was also
studied to find out the traits related to yield
for selection of cultivation with their direct
and indirect effects.
AMMI Statistical analysis
The AMMI (Additive main effects and
multiplicative interaction) model was taken to
study and identify the stable genotype. AMMI
is ANOVA (analysis of variance) based
approach that dissects total variation into
genotypes (G), environment (E) and their
interaction (G×E). The G×E interaction is
analyzed with principal components analysis
(PCA) (Zobel et al., 1988). Graphic
representations obtained using biplots
(Gabriel, 1971). In biplots, the angles between
the vectors of strains and cropping times show
the interaction, and the distances from the
origin indicate the degree of interaction that
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the genotypes show throughout the
environments or vice versa. The statistical
analysis was done using R statistical software
(Dia et al., 2017).
Results and Discussion
The AMMI ANOVA obtained showed that
the all strains showed highly significant
difference for all traits based on their genetic
material. The sole environment does not
affect the SRT and PD traits while SRT is
affected by genotype and environment
interaction. Out of all traits only four
characters SRT, FBN, FBW and Y showed
highly significant G×E interaction (Table 1).
Previous studies have also reported
mushroom crops very susceptible to the
variable climatic conditions (AMGA, 2004;
Van Peer et al., 2009). In the present studies
also test strains were exposed to three
different environments and significant effect
on some major traits was recorded. The
AMMI biplots were generated for all the
major traits and PCA1 value for all traits was
found more than 80% of total variation of
interaction sum of squares. The AMMI1 and
AMMI2 biplot were obtained for all traits.
The AMMI1 biplot of SRT showed that
genotype DMRO886 showed lesser mean
value for the spawn run time in all
environments. This variety therefore can be
utilized for the source of genes for
development of shorter duration varieties in
paddy straw mushroom. The AMMI1biplot
also showed that E1 and E2 are helpful in
decreasing spawn run time that is in summers
and late summers while E3 winter increased
the spawn run time (Fig. 1). The AMMI2
showed that variety DMRO889 and
DMRO886 is best responded for the E2
environment while DMRO463 is showed the
better interaction with E3 (Fig. 2).
Mahalingam et al., (2017) also utilize the
similar methodology to test the six short
duration genotype of rice under fifteen

locations to check their
(Mahalingam et al., 2006).

adaptability

The AMMI 2 analysis showed that FBN was
found higher in the environment E1(summer
month) and reduced in E2 (late summer) and
E3 (winter) environment. In contrast to FBN,
FBW showed reverse trend as E3
environment helped to produce higher fruit
body weight (FBW). This clearly indicates
that comparatively lower temperature during
fruit body development may cause increase in
fruit body weight due slower development
hence more accumulation of biomass. The
fact for this might be that low temperature
stress conditions, decreased the cell division
and differentiation and increased the
accumulation of dry matter content
(Schuppler et al., 1988). The FBN were found
maximum for DMRO886 and showed good
interaction with the E1 environment while
DMRO484 found to have lower FBN and
showed interaction with E2 environment.
FBW was found maximum of DMRO886
genotype that was positively interacted with
E3. The DMRO888 showed the lowest fruit
body weight and interaction with E1
environment. The genotypes DMRO463 and
DMRO885 showed a stable fruit body weight
across the entire environments taken in study.
Similarly FBN was also stable in these two
genotypes only. The yield was found
maximum in environment E1 which is
obvious as it is natural grown season of paddy
straw mushroom while E2 and E3 showed
comparatively lesser yield than E1
environment. The genotypes DMRO886,
DMRO889 and DMRO885 were found
suitable for the E1 environment while
DMRO484 and DMRO889found suitable to
E2 and E3 respectively. The DMRO463 was
found most stable and average yielder is the
all environment. Our work shows some
concurrence with the finding of Dia et al.,
(2018), who evaluated 22 pickling genotypes
in 7 locations across the United States and
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based on the stability statistics, they explored
the possibilities to breed stable cucumber
genotypes with high yield. Yield itself is
complex traits i.e. it is governed by many
other traits. These traits are correlated to yield
directly or may be through other traits. To
identify high yielding cultivars these
correlated traits are very useful. The
phenotypic selection criteria can be
ascertained by these traits and helpful in large
genotypic screening. For identification of
such traits correlation combined with path
correlation is a useful tool. In study the
correlation analysis showed that yield was
highly positively correlated with six traits
namely TFBL, PD, GW, SL, FBN and FBW
while it is negatively correlated with SRT
(Table 2). The path correlation studies
showed that PD have direct effect on yield
and also effect yield positively in through
indirectly for many other traits (Table 3). It is
seen that TFBL, SL, FBN, FBW are indirectly
effecting yield through PD. Moreover, the
FBN is also showing high direct effect this
means that PD and FBN can be excellent
selection criteria for the germplasm screening.
The residual factor in analysis was found
0.058 which is very low. Traits of like size,
shape, weight have been utilized previously as
basis for better strain selection in V. volvacea
strains (Ahlawat et al., 2008; Kumar et al.,
2017).
AMMI analysis has been used by many
researchers to study the adaptability and yield
stability in the varieties of different
agriculture crops. Based on the AMMI
analysis, genotypes have been recommended
for their use under various crop breeding
programmes. Rono et al., (2016) reported that
the genotype and environment interaction
influences the selection criteria of sorghum
(Sorghum bicolor) genotypes.
Eight sweet sorghum genotypes were
evaluated at five different locations in two

growing seasons. They determined the
interaction
between
genotype
and
environment on cane, juice, and ethanol yield
and to identify best genotypes for bioethanol
production in Kenya. Oliveira et al., (2014)
evaluated the adaptability and yield stability
of yellow passion fruit varieties using AMMI
(additive main effects and multiplicative
interaction). Twelve varieties were evaluated
in eight environments. High varietal
phenotypic stability was observed in three
environments and recommended to be used in
yellow passion fruit breeding programs.
Silveira et al., (2013) studied the adaptability
and the phenotypic stability of sugarcane
genotypes in the Minas Gerais state, Brazil,
based on the additive main effects and
multiplicative interaction (AMMI) method
(Silveira et al., 2012). They evaluated 15
genotypes in nine environments. They
reported the AMMI method very efficient in
identification of superior genotypes for each
set of environments. Blanche et al.,
(2007)used
similar
methodology
and
conducted multi-environment trials to
determine the performance of genotypes in
relation to environmental changes and to
determine their area of adaptation (Blanche et
al., 2007).
In the present investigations, we have
identified E1 (June-July) as the most
favourable season for paddy straw mushroom
cultivation. Because of the greater phenotypic
stability in test the strains under E1; it can be
used during the initial stages of screening new
strains of V. volvacea. Strain DMRO886 has
been identified as the potential source of
genes for developing short duration variety
under strain improvement programme. SRT,
FBN, FBW and Y have been identified as the
major phenotypic traits being influenced by
the GxE interaction. Sole environment (E) has
no effect on SRT, however it has been
significantly influenced by the genotype (G)
and GxE interaction.
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Table.1 AMMI ANOVA of paddy straw mushroom genotypes
Source of df
variation

Mean square value

SRT
TFBL
PD
GW
STW
SBW
SL
BD
FBN
FBW
Y
2
0.38
48.16***
2.18
0.42*** 0.94*** 13.98*** 6.25** 32.90*** 10306.2*** 271.01*** 1470.85***
Env
0.90
1.66*
1.27
0.02*
0.02
0.40
0.83
0.493
492.3
19.88
24.05
Rep(Env) 18
5 18.08*** 21.40*** 40.37*** 0.47*** 0.19*** 1.06** 19.20*** 7.043*** 4392.6*** 186.64*** 589.48***
Gen
0.004
0.008
0.009
0.006
0.09
0.002
0.038
1359.5*** 72.42*** 109.42***
Gen:Env 10 4.71***
1.25
0.807
0.835
0.01
0.02
0.25
0.789
0.428
360.6
20.47
25.27
Residuals 90
Table.2 Correlation between the characters taken in study

SRT
TFBL
PD
GW
STW

TFBL
0.681***

PD
0.724***
0.872***

GW
0.680***
0.835***
0.890***

STW
0.268

SBW
0.409**

-0.416**
-0.197
0.604***

-0.168
0.180
0.057
0.389**

SBW
SL
BD
FBN
FBW
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SL
0.565***
0.914***
0.710***
0.825***

BD
0.057

FBW
0.936***
0.714***
0.791***
0.824***

Y
-0.827**

-0.417**
-0.082
-0.123

FBN
0.660***
0.833***
0.886***
0.713***

0.686***
-0.315**

0.348**

-0.092

-0.435**

-0.209

0.535***
0.629***

-0.017
0.739***

-0.302*
0.695***

-0.024
0.696***

-0.447**

-0.177
0.753***

-0.210
0.930***
0.918***

0.788***
0.930***
0.832***

Int.J.Curr.Microbiol.App.Sci (2019) 8(4): 1462-1471

Table.3 Path correlation of the characters taken in study
Path
Direct effect
correlation
0.552
SRT

Indirect effect
SRT
TFBL
0.009

PD
-0.952

GW
0.068

STW
-0.156

SBW
-0.212

SL
0.712

BD
-0.002

FBN
-0.531

FBW
-0.288

TFBL

-0.014

-0.376

-

1.147

-0.083

0.241

0.087

-1.152

0.017

0.670

0.219

PD

1.315

-0.399

-0.012

-

-0.089

0.114

-0.094

-0.895

0.003

0.713

0.243

GW

-0.099

-0.375

-0.012

1.171

-

0.351

-0.030

-1.040

0.005

0.574

0.253

STW

-0.581

0.148

0.006

-0.259

0.060

-

-0.202

0.865

-0.014

-0.074

-0.134

SBW

-0.519

0.225

0.002

0.237

-0.006

-0.226

-

0.396

-0.022

-0.014

-0.093

SL

-1.260

-0.312

-0.013

0.934

-0.082

0.399

0.163

-

0.025

0.595

0.214

BD

-0.040

0.032

0.006

-0.108

0.012

-0.202

-0.278

0.792

-

-0.360

-0.054

FBN

0.805

-0.364

-0.012

1.165

-0.071

0.054

0.009

-0.932

0.018

-

0.231

FBW

0.308

-0.516

-0.010

1.041

-0.082

0.252

0.157

-0.875

0.007

0.606

-

Residual factor= 0.058
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Fig.1 AMMI 1 biplot between mean value of traits and PC1
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Fig.2 AMMI 2 biplot between PC1 vs PC2
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The DMRO463 has been identified as most
adaptable average yielder under all
environments,
whereas,
DMRO886,
DMRO889 and DMRO885 found suitable for
the E1 environment while DMRO484 and
DMRO889 for E2 (late summer) and E3
(winter) respectively. Winter season (E3) and
DMRO886 genotype have been identified
most suitable to get maximum fruit body
weight. Our findings will be helpful in round
the year cultivation of paddy straw mushroom
(V. volvacea).
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