TRAE SRR Jun. 20, 2019, 46(6): 1390-1403
Microbiology China DOI: 10.13344/j.microbiol.china.180509

tongbao@im.ac.cn
http://journals.im.ac.cn/wswxthcn

RO A PR LE K UERAK B
Rt OEREY EEXT ERZ FkET

1 HMR RSB E S TR L 5k K5 130118
2 HMTRPOLSBE FMk K&/ 130000

W OE: [F7] “UAERR RMUAER AR BT RATRIB A, LA REBRANRTE. [B
89 YA B R R 69 R At b TR G M EA AT O T B LB R ERR BT I F %]
KR RAE G 693Xt ik, AR EAEAT. BRAAT. KRERAT. AR, WELA. KBREAT.
ERGE THRLF RO EARARLTE, SHALEARAEARIR Y H L L. %0 A
REEOBEE SAT ., AT AR E AL FREA KRG UERR BT, [BR]] AERMFRELSL
FRHLGAER, DEARBARZ, MERAER T AT S B AAEBETERS. Ry AT E A
EAUTHRHL ARG UERR BT N EAAF 553%. KA 19.7%. £ 15.0%. ERKEH
5.0%. 245 3.0%. && 1.0%. &F 1.0%. [4#£]) itk —ANESa-FHRLA KRG EFTRIL,
H P 3 HAT U E R AR IT IR TR IE

XHEiR): BaERIT, RARKTH, FATAHA, BEMNL

Substrate optimization for mycelium growth of Pleurotus djamor
in the concept of “replacing wood by grass’
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Abstract: [Background] “Replacing wood by grass’ is a concept to use other substrates than wood for
edible fungi cultivation, to effectively alleviate the contradiction between edible fungi and forests.
[Objective] To optimize a “replacing wood by grass’ substrate formula by using different agricultural
residues to replace sawdust. [Methods] In accordance to simplex lattice design method, 7 different
agro-residues, namely wheat straw, corn straw, soybean straw, peanut straw, rape straw, rice straw and
corncob were used for Pleurotus djamor cultivation. Enzyme activity of cellulase, polyphenol oxidase and
laccase in the growth process of the mycelium was measured. The formulation suitable for the growth of
Pleurotus djamor was analyzed and optimized. [Results] Soybean straw could significantly increase the
mycelium growth of Pleurotus djamor, followed by wheat straw. Polyphenol oxidase activity of rape straw
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was highest. The optimized high mycelium growth formulaincludes (%, W/W), wheat straw 55.3, soybean
straw 19.7, wheat bran 15.0, corn flour 5.0, bean pulp 3.0, lime 1.0 and gypsum 1.0. [Conclusion] A
suitable substrate composed of various agricultural wastes instead of sawdust for mycelial growth of
Pleurotus djamor was optimized for “replacing wood by grass’ strategy.

Keywords: Mushroom cultivation, Simplex-lattice design, Straw utilization, Enzyme activity determination
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Tablel Design of substratesformula

Hic 7 FEFRAC L Substrate ratio (%)
Formulation X1 X2 X3 X4 Xs
1 100 0 0 0 0
2 0 100 0 0 0
3 0 0 100 0 0
4 0 0 0 100 0
5 0 0 0 0 100
6 50 50 0 0 0
7 50 0 50 0 0
8 50 0 0 50 0
9 50 0 50
10 0 50 50 0 0
11 0 50 0 50 0
12 0 50 0 0 50
13 0 0 50 50 0
14 0 50 0 50
15 0 0 0 50 50
16 60 10 10 10 10
17 10 60 10 10 10
18 10 10 60 10 10
19 10 10 10 60 10
20 10 10 10 10 60
21 20 20 20 20 20

e Xae ANERERT . Xo: WMSERERT . Xa: FEAEFEAT. Xa: KE
FEFF . Xs: KFEFEFT.

Note: Xi: Wheat straw; X;: Rape straw; Xs: Peanut straw; X
Soybean straw; Xs: Rice straw.
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Figure 1 Analysis on the difference of growth rate of
mycelium of Pleurotus djamor with initial screening formula
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Note: The different letters represent significant difference, and the
same |etters represent no significant difference.

Table2 ANOVA for fitted quadratic polynomial model of mycelium growth rate

A5 S5 S5 A A Hh B 7 . b

Source Sum of sguares df Mean sguare
iR Model 25.23 14 1.80 8.41 <0.000 1
LRMEIR-A A Linear mixed model 14.50 4 3.62 16.92 <0.000 1
XiXo 1.93 1 1.93 9.01 0.004 2
X1 Xa 1.66 1 1.66 7.76 0.007 6
X1 Xs 0.058 1 0.058 0.27 0.606 6
X1 Xs 1.18 1 1.18 5.49 0.0233
XoXs 1.06 1 1.06 495 0.0308
XoXs 2.69 1 2.69 12.54 0.0009
XoXs 0.94 1 0.94 4.39 0.0415
XaXa 0.36 1 0.36 1.67 0.2029
XaXs 0.68 1 0.68 3.18 0.0809
XaXs 0.92 1 0.92 431 0.0432
¥%7% Residual 10.28 48 0.21
LT Lack of fit 7.90 6 1.32 23.20 <0.000 1
4= Pure error 2.38 42 0.057
JE AN Cor total 35.51 62
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Figure2 Analysisof the significant differencein the activity of mycelium growth ratein 22 formulations

TE: FPAFETEAGERZESE R, MFETRAGRER A RE.

Note: The different letters represent significant difference, and the same letters represent no significant difference.
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Figure3 Themain interaction effect of the mycelium growth rate contour map
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FERTAMSRFSAT = FH3CHAE M D iMsERsAT . FRAERAT AR SR =2 BRI E: IMSEREAT . AKFAFGAT . FEAREAT =2
YER; Fo AEAERSAT . KERSAFRUKRERGAT =& A G RGRSAT . KRR RN RAT = H 38 HAR .

Note: A: The interaction of wheat straw, peanut straw and rape straw; B: The interaction of wheat straw, soybean straw and rape straw; C:
The interaction of wheat straw, rice straw and rape straw; D: The interaction of rape straw, peanut straw and soybean straw; E: The

interaction of rape straw, rice straw, peanut straw; F: The interaction of peanut straw, soybean straw and rice straw; G: The interaction of
soybean straw, rice straw and wheat straw.

R3 ERPAER, FAER ARRURBASEESHLDS

Table3 Percentage of cellulose, lignin and carbon and nitrogen content in main ingr edients? %!

J343 Component 24k 2 Cellulose (%) 2474k % Hemicellulose (%) AJRZE Lignin (%) C(%) N (%)
/NEFEFF Wheat straw 39.26 21.19 22.10 4184 059
JH=EASFT Rape straw 42.02 15.27 20.08 4275 069
AEAEFEFT Peanut straw 31.05 1154 26.03 4552  0.84
KEFE#T Soybean straw 30.83 14.64 32.80 4427 059
IKAEFEFF Rice straw 41.08 18.54 19.31 4102 059
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Table4 ANOVA for fitted quadratic polynomial model of polyphenol oxidase activity

AR S SE A A oy
F P
Source Sum of sguares df Mean square
iR Model 8.73 14 0.62 24.31 <0.000 1
LR A 457 Linear mixed model 5.02 4 1.25 48.91 <0.000 1
XXz 0.60 1 0.60 2353 <0.000 1
X1Xs 9.990E-003 1 9.990E-003 0.39 0.5355
X1Xa 2.583E-003 1 2.583E-003 0.10 0.7523
X1Xs 0.12 1 0.12 459 0.0372
XoX3 0.68 1 0.68 26.57 <0.000 1
XoXa 0.48 1 0.48 18.84 <0.000 1
XoXs 0.74 1 0.74 28.81 <0.000 1
XaXa 1.43 1 143 55.90 <0.000 1
XaXs 0.013 1 0.013 0.50 0.4847
XuXs 0.18 1 0.18 6.94 0.0113
%25 Residual 1.23 48 0.026
SRAPIIF Lack of fit 1.02 6 0.17 3358 <0.000 1
4lii 9% Pure error 0.21 42 5.055E-003
JEURIT Cor total 9.96 62
4.0
3sp °
C b
2 3.0F
z ¢ cd
>
== 25t de de ef de
% 2 i o efg foh fgh fighi W e ehi
3 @ 1 1] . .
Q_J s 20F Kkl Jkl Jk
g ,'?3 kl 1
Y ,_% 1.5+
=2
S0t
[=]
(-
0.5t
0
I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 CK
i 5
FFormula

4 RANEFESHMENEEEEREEMIN
Figure4 Analysisof thesignificant differencein the activity of polyphenol oxidase in 22 formulations
E: B ARRNGFRARZE R, HRTFRAREREAR .

Note: The different letters represent significant difference, and the same letters represent no significant difference.
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Figure5 Themain interaction effect of the activity of polyphenol oxidase contour map

e A NERSFE . ARAERSFERIMSERSFF =B S HAE; B: /NERSFE . KRERFHMSARF = EHMEM; C: /MERFF. K
FEFERNHSERSFE 3 HAE M D JHSEREFE . BRI SR =0 HARM,; E: WMERFEFT . KRR . feARif =85
YERT; Fe TRAERSHT . ROEMFFRUKRERHIT =FH L HMEM; G: KERFF. KREREFFF/NERSFF =828 HAE.

Note: A: The interaction of wheat straw, peanut straw and rape straw; B: The interaction of wheat straw, soybean straw and rape straw; C:

The interaction of wheat straw, rice straw and rape straw; D: The interaction of rape straw, peanut straw and soybean straw; E: The
interaction of rape straw, rice straw, peanut straw; F: The interaction of peanut straw, soybean straw and rice straw; G: The interaction of

soybean straw, rice straw and wheat straw.
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R5 FUHZREEMMNZRSTEAER G EST
Table5 ANOVA for fitted quadratic polynomial model of cellulase activity

AR S SE A H o - b
Source Sum of sguares df Mean square
7 Model 76.83 14 5.49 6.93 <0.000 1
LR MEIR G Linear mixed model 3553 4 8.88 11.22 <0.000 1
X1Xa 5.03 1 5.03 6.36 0.0151
X1Xa 12.25 1 12.25 15.47 0.0003
XiXa 043 1 0.43 0.54 0.465 1
X1Xs 4,044E-003 1 4.044E-003 5.108E-003 0.9433
XoXa 0.10 1 0.10 0.13 0.7204
XoXa 0.67 1 0.67 0.85 0.3619
XoXs 0.45 1 0.45 0.56 0.456 6
XaXs 18.90 1 18.90 23.87 <0.000 1
XaXs 0.10 1 0.10 0.13 0.7175
XaXs 0.011 1 0.011 0.014 0.9058
5%2% Residual 38.00 48 0.79
LI Lack of fit 37.25 6 6.21 350.71 <0.000 1
#li{R 2= Pure error 0.74 42 0.018
M Cor total 114.83 62
9 -
a
8Fb
=l B d - - .
2 6F N - :
£z oo
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Figure6 Analysisof thesignificant differencein the activity of cellulasein 22 formulations
T B ARFENG PR ZE R R S, MR TR RER B

Note: The different letters represent significant difference, and the same letters represent no significant difference.
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Figure7 Themain interaction effect of the activity of cellulase contour map

TE: Ay NERSFT . FEAERSFTRNNSERSAT =& 2B A/ B /NERAT . RERFTANISARAT =8 2B/ C: /NERFT. KAE
FEFFANISERSH = AR D: SRS H . AR AR SR = FH S EAEN,; E: MR . KRR e =5 H
Ve Fo FEAERERT . REFSFFAUKREREAT =& 2CEAE M G KREFEFT . AKREREFTF/NEREAT = 32 HAE .

Note: A: The interaction of wheat straw, peanut straw and rape straw; B: The interaction of wheat straw, soybean straw and rape straw; C:
The interaction of wheat straw, rice straw and rape straw; D: The interaction of rape straw, peanut straw and soybean straw; E: The

interaction of rape straw, rice straw, peanut straw; F: The interaction of peanut straw, soybean straw and rice straw; G: The interaction of
soybean straw, rice straw and wheat straw.

&6 CREBM IRZINEIVIEE T E S
Table6 ANOVA for fitted quadratic polynomial model of laccase activity

AR SR I A B ¥ F 5

Source Sum of squares df Mean sguare
%! Model 193.36 14 13.81 9.42 <0.000 1
LR A58 Linear mixed model 44.50 4 11.12 7.59 <0.000 1
X1 Xo 7.861E-003 1 7.861E-003 5.363E-003 0.9419
X1Xa 14.36 1 14.36 9.79 0.0030
X1 Xa 32.78 1 32.78 22.36 <0.000 1
X1Xs 0.99 1 0.99 0.67 0.4156
XoX3 133 1 1.33 0.91 0.3457
XoXa 8.76 1 8.76 5.98 0.018 2
XoXs 30.06 1 30.06 20.50 <0.000 1
XaXa 26.30 1 26.30 17.94 0.000 1
XaXs 224 1 224 153 0.2228
XaXs 0.034 1 0.034 0.023 0.8798
%% Residual 70.36 48 1.47
AP Lack of fit 70.33 6 11.72 1724459 <0.000 1
aliR2= Pure error 0.029 42 6.798E-004
S F Cor total 263.72 62
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Figure8 Analysisof the significant differencein the activity of laccasein 22 formulations
E: B ARRNGFRARZE R, MR TFRAREREAR R

Note: The different letters represent significant difference, and the same letters represent no significant difference.
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Figure9 Themain interaction effect of the activity of laccase contour map

TE: A NERSFE . FEARSFERNINSERSFF =3 2 AR B /NERSFE . KREFSFPRNISERSFF =2 2B C: /NERSFF . KFd
FEFFANISERS A = AR D: SRS H . (AR AR SR = EAEN,; E: MR . KR e =5 H
YERL: Fe FEAERSHT . REFEFHFAUKRERAT = H SRR G: REFRFF. ARRERFTF/NEREAT =# 2 G AR

Note: A: The interaction of wheat straw, peanut straw and rape straw; B: The interaction of wheat straw, soybean straw and rape straw; C:
The interaction of wheat straw, rice straw and rape straw; D: The interaction of rape straw, peanut straw and soybean straw; E: The

interaction of rape straw, rice straw, peanut straw; F: The interaction of peanut straw, soybean straw and rice straw; G: The interaction of
soybean straw, rice straw and wheat straw.

R7 WIERWERSH
Table7 Analysisof test results

e 7 Z W A AL RIS LF YRS BRI [ ST T
Formula  Polyphenol oxidase activity (U/g) Cellulase activity (U/g) Laccase activity (U/g) Mycelium growth rate (mm/d)
VF 1.67+0.013% 7.07+0.122% 10.76+0.120° 6.60+0.070%
CK 1.64+0.026% 4.07+0.093° 6.70+0.270° 6.55+0.127%

H: VF: BERCH; CK: XHRECH; a. b: 225 W3 (P<0.05).
Note: Verification formula; CK: Control check; a, b: Difference was significant (P<0.05).

Fr X LU 28 04/ P 5 0 B8R ) 25 SRR AT
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PEHCREFT Ry v AR . 27 2 28 02 52 Wi 2T 4 2% il 0
MEZENRK, EARKE LA 4 N EITA4ER
PR 1 LS BRC T AR, D0 it A LA 5 i 47 4 3

BRI AL A PR T 1 T 8 T 22 A A
SR HE R WS A o TR E SRR SIS AT o S

BtE T VA IR
ASBIFTE 8 A R B T R A Bl AR 13k i 1k
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