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Effects of different substrate formulations on the growth and yield of

Morchella eximia

DU Can', WANG Feng', LI Wukun', ZHAO Weidong®>, ZHANG Siyuan’

(1. Shaanxi A&F Technology University, Yangling 712100, Shaanxi, China; 2. Weinan Normal University, Weinan 714000, Shaanxi,
China)

Abstract: To systematically investigate the effects of different substrate formulations on the growth, development, and
yield formation of Morchella eximia, peat, hardwood chips, vermiculite, topsoil, and plant ash were selected as the basic
substrate materials. Five composite substrate formulations were designed based on volumetric ratios, with horticultural nu-
trient soil used as the control (CK). The physicochemical property, nutrient content, mycelial growth, main agronomic
traits, and yield indicators of each substrate formulation were measured.The content of organic carbon, available phospho-
rus, available potassium, and alkali-hydrolyzable nitrogen in each treatment followed the order: CK<JZ1<JZ2<JZ3<]JZ4<
JZ5. Regarding the growth performance of Morchella eximia, differences were observed among the formulations. Among
them, the JZ3 treatment (Vs Viaawood ctips + Veemicutice Viepsoit+ Voantasn = 3+ 12 1:120.5) exhibited the best mycelial growth vigor.
Compared with CK, the cap diameter, cap length, stipe diameter, and stipe length of JZ3 increased by 183.87%, 187.56%,
221.88%, and 199.34%, respectively. The dry mass per fruiting body, fresh mass per fruiting body, and dried mushroom
yield of this treatment were significantly higher than those of CK, with the equivalent dried mushroom yield increasing by
649.80%. Correlation analysis showed that Morchella eximia yield was significantly positively correlated with electrical
conductivity, alkali-hydrolyzable nitrogen content, and available potassium content. Comprehensive findings demonstrate
that the JZ3 formulation significantly enhances the quality and yield of Morchella eximia by optimizing the substrate’s
physicochmical structure and nutrient supply, providing a theoretical basis and technical support for substrate selection
and agricultural waste resource utilization in the industrialized cultivation of Morchella.
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F L H (Morchella spp) g T FHW 1, 22
M 2 H B, H o 38 1R 50 A1 8 04 53 IR 19T B L
B, X P URE )R8 4k 5 7 B R T B, A
HIRARUR A3 i) B B 2. 1 —FhE
BB 2 B 2 I B AN DRI 1 TR AR 1)
R 25 32 75 Bk, 3B DR L& B 2 Phobs 7 a2 IR L 4 AR
BAEYE Y BTS2 B RS IR,
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SRS, R B RS R IS R AT
i RN T o JEAR R, B AR AT TN KRR 7 oK
RSN, = I T S A E A W R T, FOOT R R H
B HR MR

FRE AR RR K A P 1T N A B R
B RN LY ARG g R R E A B AR
FEHR K FE LA 2012 47y 51 BT i, FE I 2 T, P
PR R E, B 2012 G, A SN E FRREOR
S0 5 BT, = i B R BT 1E =03k N R AL AR =y
B, Pl i IR R, ARG, 2 EE
I T R T UM 2012 4E I 2T 70 hm' B K 2 2023
SERT 2.7 3 h?, BEEIT 400 A5, 2E I I C N
W E R I90 10 & HE AR Az — . R,
1 1R P 2 JH B AR R P R HE AR R AR
BRUARI AR b R 55 045 5 A R A 2, IR e A ) %
SRR R 2, FE R o S S AR I R AR
SE i T BB 2R A WA ), 7 B2 T R
AIFRSE R R, DRI, IR B 1) = A T Ak
B, CRCON HES) 2 1 7 ot B R R () 6 SR
EHE.

FEE T AR i 70 R AR T 20 tH
4 80 AT, LB K Ower" A1 BA 2 56 F1 FH 24
I ECS e S e B €SI Vi SRR SN S N 7
SRE G R 1B A% A R B 22 A m) A
B AR KB B A 1) 0% . 3% [ Diversified Natural
Products Corporation (DNP) 2 &) 3K H it AR A) 25 51
LT EMEE T RS H T 2 MR R i ok
RERRBLALAE 1 I JUAE Bk B2 1) [ 27 5 T
IR RVE M B = ARG ORGSR 5 A B,
A A = T B A R PR B R AR B AR T T, T
KT RRFG B 5 () FOAE B o TR SRR 5T R
BT, 5 R R 5 0T PP VS D0 7 2 TR B R S I B A R T
P i T 1 SR B E R . Huang 252
BIF 222 B, L5 R 5 25 0T rh W 0 B AR K R A% AU 1 4
PRAR, SR TFE L B AN 5. 838 A BRI
SURIE 70 R 33 i B A Tt P A K | i () - e rp A
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BRI SRR A I B I HOR B, D BE E
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1.1 LG

AW F 2024 4 11 H 20 HE 2025 3 H
28 H7E B 8 AR IPE B AR K 5 Z2 0 £ FH B P ML
RO NTAMBEEIE. NTABEEARE T £
J2 7 T s 2R U A A A R T X A B
AT 5 % TR Y 16 °C; Y6 IE K LED 4T 5 i
AT 5 9 BE P 46 ) Tk AL i 2 B = A %8
AR BT ARG AT
1.2 #H
121 #REA KT HEMALRFERE 8
Ty FLRR G T eh 4 4 e R UK RO BB A BR A | 2
f o AR BT MR IR T (w) 2 R 40% KoK
50% Kk I 8% K 1% A8 1%; B F-Fk & /K &
EHILE 65%,pH {H N 8.
122 SMRERE  BHBHEEFEIREDL R AR
At . BLTT W) N Z L 75%  FoKE 18% A%
Te 5% A E 1% BRERAS 1%, & /K B HIE 62%~
64%,pH N HRME. EFRRERHAIE 12 om x K
24 cm (RN IGERSEEE , A4S E N 500 g.
123 R RAA 0 R 2 R AR R
FARE WA R EARIK . o, FoR 5 R T
A Hb, Bk (pindstrup mosebrug A/S)  E AR K AR f
VI PV & R EFE LR AR A A SR AL, RS
KR IFRKBEEEH
1.3 Rt

DARE 3R \ B IR Ay 32 B i ) I L R L o A 7
b AN F BB ACTT WAE 1. R DAE 2 TR
(Bl R EF LN R A R w6, 3 Z o

®1 TRERES L)

Table 1 Different substrate formulations ( Volume ratio)

b EOR O ORARIE WA FE EAK
Treatment Peat Hardwood chips Vermiculite Topsoil Plant ash
CK [t 2175 % 1= Garden potting soil

JZ1 1 1 1 1 0.5

172 2 1 1 1 0.5

1Z3 3 1 1 1 0.5

174 4 1 1 1 0.5

1Z5 5 1 1 1 0.5
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X ISR 5T

NER WEA VB ERE WD) NI (CK) . KA 5E
A X H BT, AR FE R AC LE JZ1~JZ5) Kkt FE AR H
o, 36 ANHA K LIRS £ (480 mmx
345 mm*270 mm) B ECFPAE , R0 3 IREE L B
REE 1, I R & A HE PR i — 2
1.4 eI
1.4.1 #AT TAE & R /KEM KB G A TS
{5 =, Bt 5 PH 3 )i AT AR VH 8. BAR T iE N
m’ {8 40% FFESIA W 10 mL 5 & 5R w5 g, (1
R RS 30 mine VW SERUE , B aHER R St
A7 38 A S
142 #AE T 2024 4F 12 A 19 HIF B
I R LERE B LB TR L,
£ P9 35 50 4l B AR R R T, R O 20 em. HYX
500 g =F I B B AR, AR EUS B SO TR R R
HL.HEEES —ZEY% 2 om M. R KRG
S RIRM K, A 35 5 7K B R AE 25%~30% , B )
i B A IE S AL B A, DLOR KRS IR ik 1 22
Puigi K.
143 SMRERRKE HFMIG 7~15d LB
PE RIS AR L. A58 T 2024 4 12 H 29
HBCEE 748, BRI E N E 2 8. ER8E
HEN N A% 505 A 75% 0 K X A48 3047 78
Bo BUER, WL N TS BN T 2 &
5em KO, & 81 R 5B E KR, IR
B IR DL AR 15 R o B 2 i, By I 2R RN T
AR B 22 A K
144 WA RMEE FHEEMEHELE
Ko AR B AR R 3 2 BB

R BONSERIE 2~9 d, 18 PR 2% 10 7] 0 22
MR FE S BB B BT & K &N 30% 2 4, TR AN T
S EE AR EE N 50%~70% , i3 JE N 14~16 °C,
CO, W EAHEIT 0.15%, B B 5

Fr 1 A NSNS 77 48 E B 22 A A TR R
5, B B TR OB IR, N AR = IR R A 18~
20 °C , 5 AT E 50%~70% , CO, W & A8 i
0.15%, 3 & /K F2) 30%. # RIS EN AL
B 223 22 50 1R A 7 I R, R 3 0 R B R
O R R A AT B FE VR
145 SH#ERERE HIES50d G, HRGEETDEHE
COHIR, FRBRATAEIMNEE 748 R, A RAT
A 25 P AR FRTE 16~18 °C, LED AT 5 4 K I8
8 h, B[] N T2 g 28 3 B AR FFAE 10~12 °C, K]
LED /T4 . i #s 50 % T )5 30 min. 45 3R

THI S IR/ B R S B, 6 SR EE K, IR
A= 2 S AXHE EETE 80%~90% , CO, 5 AN
it 0.12%.
1.4.6 m#FFM 202543 H LAIZETAE, JEER
=l A o N e s M N RSN EE D 2 2 S VR 5
B, P i 2% THT 0 3 IR U B R T 5 3k 31 )\ L A
RPATSRMSC o B R M SRR 1 O B DR R AL 6
W ICHE AR -
1.5 MEmB KRFFE
1.5.1 AR r i e {EREANIE R Xk 5
AN KR S A B 3 RE R SRR IR 5 7R o
REJE B TIERB A AR RT . RS R
SRS AL, 3 40 B A, B S S AN LT
R (EC) I pH {H2", 25 5 (BD) A FLER B (930 5& J5 7%
ZIRPNE R GEP) g5, Ho KRB TR TRk
FLBR B 538 S FL BT A O AR, I i 3 AR K 538K
M FATRE T, tFE AN :
e _ FEAKFLBEE

A = S o
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Tl CAP) 2 521 S FH B PR 0 12 2 - K 6 BB Vil s 5k
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5500 B BB 22, SR Be T B AP, R o 3 T K
a3 DX R P 22 78 5 B 75 3R <30%) s “++7 (B 2. K
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BE, HAERE B R 22 A KR 52 B B s “9R 2 a7 |
fo I 2 A 05 B B B IE U B, R THTAR AN
I R 1 R RR I 1/4(<25%) , BRI 2F I T 7 42
KA REZ B —E R, SR E G 55
153 FHETRAMBKRAZEMNE T 2025 4F
3 H 28 H 58 HERW, FEREAFES B A BEALIZ A 3 4>
2 RE B A8 U AR R RO T SR AT TR A
B OEEERKESER BMKESERSS
o SR TR 20500 g AT SR IR ol &
I HE A R T i B B T R IR IR
AR FE R B B Ay BIAR B IC T, H 2RI R, Gt
ERNMEEE 3 AN E BRI E &', PUP AT AR
GEE, T EINE T E. RIEREETE
THE AL AR S T 7 ek 7 =
1.6 B

K F| WPS Excel 317 50 4% 4b 22, f# | 1BM
SPSS Statistics 19 #4347 BLEK = 5 2 73 # (ANO-

VA) , 7% H Duncan % 5 HL ARG 56 2 7 0 35 1 [
i K Pearson AH ¢ REVE AT AH A 404 o R A
OriginPro 9.0 2/,

2 ZERE55H

2.1 AEIERECH VB

Wik 2 fion, S A FZ ) pH H 5 A7 7E 6.04~
7.15, Horh CK A BRI pH R 5K, 110 JZ1 AbEE ) pH
{HfE. SAFE EC HTE 0.61~1.53 mS-cm™, fF &
R A KPS H EC X R, Hod CK 4R EE 1) EC
H AR, IZ5 KhERfY BC B sy o 7EA 3% 5 75 1
S Yok ST E A DO R VAR (S RS
F R, HKOR 122 AbH. BALERE R, Ak
A B ALBRFETE 55.76%~61.44% , Horb 175 kbR
1 e LB B3 v T LA AR B, T JZ1 bR s FL
B IR . 2B T FLBREE R R I, JZ 1 A B )38
AL S B K, JZ5 AR ) REZK LR B B oK, T JZ1
A BRI FR K SRR A% . KA s R, &
AEFE KA LLTE A 1.15~1.39, Hidh JZ5 Ab B 1)K

*2 TRIEREHOELER

Table 2 Physicochemical properties of different substrate formulations

AL

i T ALBEE R LR

sy b o mE B . : kA
T pH Electrical conductivity/ ~ Bulk density/  Total porosity/ Air-filled porosity/ Water-holding porosity/ S
reatment N 3 Water-air ratio
(mS-em™ (g-em™) % % %

CK 6.04+0.05f 0.61+0.01 ¢ 0.25+0.01 ¢ 58.72+0.01b  27.45+0.01 a 31.60+0.01 ¢ 1.15+0.13 d
171 7.15+0.24a 1.05+0.03 d 0.62+0.01 a 55.76+0.02¢  25.31+0.01 b 30.55+0.01 ¢ 1.21£0.17 ¢
172 7.07+0.13b  1.11+0.01 ¢ 0.60+0.01 b 56.06+0.01 ¢ 25.48+0.02 b 30.58+0.01 ¢ 1.20+£0.06 ¢
173 6.71+£0.04 ¢ 1.28+0.00 b 0.54+0.02 ¢ 56.99+0.01 bc  25.83+0.02 b 31.59+0.01 ¢ 1.2240.07 ¢
174 6.54+0.03d  1.30+0.04 b 0.47+0.01 d 58.47+0.02b  25.86+0.02 b 33.29+0.02 b 1.294+0.10 b
JZ5 6.36+0.06 e  1.53+0.03 a 0.48+0.01 d 61.44+0.01a  25.76+0.01 b 35.68+0.01 a 1.39+0.02 a

T RIS G ARG FRERORLE 0.05 KPR % . .

Note: Different lowercase letters in the same column indicate significant difference at 0.05 level. The same below.

LR, CK AR 7K S H RN
2.2 ARIEREFFS MR

Wil 1 fros, 6 F k5 i 77 i) OCLANLAP Hi
AK &M CK F JZ5 580 H & #7348 b &
B, B OC 7 & (w, Ja [ E RN 70.20~
145.57 g-kg', Horp 175 43 OC & & 1Z1.J72.
123,374 S B0 ) W E R TT T 31.07% . 25.28%
22.41%14.72%, H# CK ALFE 5 2 HE Tt 103.09% .
FAEBE) AN 55U E Y 68.05~99.03 mg kg,
W JZ5 KEFE AN S EH IZ1.JZ22.123 .24 AL FE 5y 5
BERTFT 37.10%.15.65%9.88% . 8.12% , H. %
CK AbFE IR Z 41 TF 45.52%. SALFER AP & &5
N 51.94~93.95 mg - kg, o1 175 b HE AP R
JZ1.172.173.)74 Ro B3 ) B B 5T+ T 44.41% .
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28.47%  15.51% + 13.46% , H % CK Ab # & 2% #
Tt 80.88% . % 4 FE [ AK & & 5 F N 643.09~
1 216.76 mg-kg', H i JZ5 4P AK & B 1Z1.
122,373,774 Kb B 5y 5 2 F R T T 61.82%
21.70%+20.95%+ 13.27% , H. % CK Ab 3 &2 3 $2& 7t
89.20%.
2.3 A RIEREG X FERELAE KN
M2 3 A 01,123 A1 JZ4 AhFf T 22 H = fa)
T A IS 1A) J T 22 A F 3 A0 T CKLJZ1.0Z2 H1JZ5
AbEE, 5 CK FHEGRILH B B AL . HhAh, 75 6
Bic 75 56 0 A, B CK Ak B AR W %% 21 43 A2 96 T T8 Ak
Gb, AR AF ML 1 oy 1, Hodr JZ3 Ab BRI
SEMT IR ERZ , RS JZ4 03] ,)Z1.)Z22.
175 e3> o R 22 4 KB B, AN JZ5 A1 CK Ak
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Fig. 1 Nutrient characteristics of different substrate formulations
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Table 3 Effects of different substrate formulations on the mycelial growth of Morchella eximia
oy B 22 BT e vy y
s ELLIT HELIRITIRL s ey OERT RIS
Mycelial Myecelial full ) i -
Treatment . T Mycelial growth Conidia Substrate contamination status
emergence time/d colonization time/d
CK 4 9 + 76 None BEHONRE
Severe contamination by Trichoderma
1Z1 3 8 ++ /L& Low Jt None
172 3 8 ++ /b Low Jc None
173 2 6 - K# High Jt None
174 2 6 -+ i& & Moderate G None
1Z5 3 7 ++ /bt Low SRS ORTE

Slight contamination by Trichoderma

TE A RN T 22 K BB S KB

Note: +++, ++, and + indicate relatively strong mycelial growth, moderate mycelial growth, and weak mycelial growth, respectively.

I T gt R BT G, 1 A Ak 2 35 R W 5% 2
Y REE SIE
2.4 AREIERECG X FEREFRAERE MRS
EH P 2 m) i, A [ 258 5 A0 O 6 = I T B A L TR
WE KA B, Horp 173 A HE )1 SER B a5 K
RN 5 ELARSS BOR, B s BLAR L 121,072,024 A
175 Gb P53 5] 55 25 32 T 46.06% < 55.75%  12.46% -
48.52%, bt CK A HE B HE T+ 1 183.87% . M i K
B b JZ1.0Z2. 124 R0 JZ5 kb 4y 5] 8 2 IR T
28.18%+17.09% 13.50%+ 17.58% , tt. CK 4b 3 . 3%
PETF 187.56% . JZ3 AbHEFI K FE L AR LR Y
K, FANEAR L 121.J22.JZ4 #1325 G353 5k

Tt 6.19%.6.74%1.48%F1 22.62%, kb CK AbFE I 2%
PEFF 221.88%; AN FE LL JZ1.J22.JZ4 F1 JZ5 4b
Oy )& R T 43.53%  29.63%  14.90% Al
24.66%, Lt CK b & 1T+ 199.34%.

HHE 3 w50, 7E 6 AN FRA, 123 AbFE AL T
S A B g A o B A K, LR 0Z4,2 S AR BRI B g
i o B 2 AN, 023 Ab TR R g e R R L 0z
JZ2.J74 F1JZ5 Ko 53 )51 31.23%+22.42%+1.95%
F115.61%, b CK AbEE R 2 157 214.95% 5 7E 545 T
B71H,JZ3 JEFRE B SR B R R RO, HAIR
T JZ4,2 AN RE PR FLE iR 2 AN 123 b
Lt JZ1.JZ2.JZ4 F1 175 ZbFR453 50 12.99%+19.76%
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Effects of different substrate formulations on the agronomic traits of Morchella eximia fruiting bodies
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Fig. 3 Effects of different substrate formulations on the fresh mass and dry mass of Morchella eximia single fruiting body

2.04%F1 6.95%, Lt CK AbHE 2 /=1 222.58%
2.5 ARIERE S XTERE~ 2R

HH 3% 4 mJ %0, R 6 77 B 7 1, A [F] b PR AR 8
i 2 It o 7 B AT A R s RIS N 123>0Z24>
JZ5>172>]71>CK, H. 1Z3 4b ¥ 3% 15 = 6 7 7= &
tb CK.JZ1.JZ2.7Z4 F1 JZ5 kb B2 4% 51 & 2% $2 T+
337.36%+105.59%-53.74%-7.23%F1 10.25%:JZ3 &b
FREELEHT A B b CKLJZ1.JZ22.0Z4 F1 JZ5 Ab 3 4y
A 2 TF 337.34%  105.57% « 53.73% ~ 7.23% FlI
10.24%. {ET =87 M, #IHE T H =2 M6 5
P RN 1Z23>1724>125>172>J71>CK, JZ3
A FEAR RS EE T4 re stk CKLJZ1.JZ2.JZ4 A1 1Z5 &b
PR3 ) 5 2 R TF 650.32%.97.96%+52.03%+27.24%
H136.10%:JZ3 AEBEF- 254 & 577 b CKLJZ1.JZ2.
JZ4 F1 JZ5 K353 ) 2 52 T+ 649.80%  98.10% «
52.11%-27.27%K11 36.15%.
2.6 EFRIEtR53¥ER
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Table 4 Effects of different cultivation substrate formulations on the yield of Morchella eximia
fif 7 5 Fresh yield F7= & Dry yield
b R Er & Hra g RIEER Pré e
Treatment Yield per cultivation Converted to per m’ Yield per cultivation Converted to per
basket/g yield/g basket/g m? yield/g
CK 26.55+2.07 f 152.40+11.88 3.10£0.12 ¢ 17.81+0.66
JZ1 56.48+0.65 ¢ 324.22+3.71 ¢ 11.75¢1.23 d 67.41+7.05 ¢
172 75.53+£2.41d 433.56+13.86 d 15.30+0.55 ¢ 87.79+3.18 d
173 116.12+1.32 a 666.50+7.58 a 23.26+0.96 a 133.54+£5.48 a
174 108.29+3.09 b 621.58+17.72 b 18.28+1.18 b 104.93+6.78 b
175 98.43+1.74 ¢ 563.11£10.02 ¢ 17.09+0.68 ¢ 98.08+3.92 ¢
x5 ERESRSEHE~SEMEXEDI N
Fig. 5 Correlation analysis between substrate indicators and Morchella eximia yield
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HGR SAL WAL RRKAL e A L o R rE R
e . KHE s ) ir KA &R Alkali- . .
Ei=2Y q Electri- Bulk d 54553 §24553 54553 Wat Organic hvdrol Avail- Avail-  Conver-

u en- ater- rganic 10lyz-
Index P calcon- | Total poro- Air-filled Water-hold- | & Y .y ablephos- ablepo- ted to per
.. sity . . . . airratio matter  ablenitro- . S .
ductivity sity porosity  ing porosity phorus tassium m’ yield
content gen
content  content
content

pH 1.000 0.217  0.937**  -0.779 -0.846% —0.552 -0.150  0.290 -0.011 0.074 0.047  0.363
LRSS 1.000  0.536 0.351 -0.693 0.638 0.871* 0.988** 0.931** 0.984**  (0.938** (.849*
Electricalcon—
ductivity
7% & Bulk density 1.000 —0.545 -0.969%* -0.255 0.172  0.591 0.309 0.406 0.359  0.609
ALK 1.000 0352 0.938** 0716 0318  0.483 0.458 0.466 -0.022
Total porosity
LR 1.000  0.031 -0.393 -0.751 0467 -0.572  -0.523 -0.669
Airfilled porosity
FrK LI 1.000 0.907* 0.613  0.706  0.714 0.698  0.264
Water—
holding porosity
KA 1.000  0.876* 0.833*  0.887*  0.852% 0.506
Water—airratio
AHLIE R 1.000  0.898*  0.959%*  0.924** 0.792
Organic matter
content
B 5 f 1.000  0.978%*  0.992%* 0.819*
Alkali-hydroly-
zable nitrogen
content
TR i 1.000 0.976%* 0.834*
Available
phosphorus content
A 1.000  0.787
Available
potassium content
Pra 1.000
Converted to
per m? yield

T ¥ RIRAE 0.05 AR E IR+ RIRAE 0.01 TR B AR

Note: * indicate significant correlation at 0.05 level; ** indicate extremely significant correlation at 0.01 level.
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