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AR EMEFHE(NAG) EH, TAH A ERBAEA ZZHERT LEMAN AN ZTH(MBC) A E, £ Fp#,F &
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Effects of Herb-Morchella Mixed Sowing on Soil Nutrients,
Enzyme Activities and Microbial Biomass
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Abstract To diversify the cultivation of Morchella and improve land-use efficiency, this study focused on the soils
collected during the primordium formation phase (Pp) and fruiting body formation development phase (Fp) of Morch-
ella development. The physical and chemical properties, enzyme activities, microbial biomass carbon, and other indi-
ces of the soil surrounding the roots of Morchella were determined using national standard methods. One-way ANOVA

was performed with SPSS, and Pearson correlation analysis was conducted to evaluate relationships between soil indi-
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ces at the two stages. Results showed that: During the Pp phase, the mixed sowing of Festuca sinensis with Morchella
(F) significantly elevated soil alkali-hydrolysable nitrogen ( AN) and the activity of glycoside-hydrolases; the mixed
sowing of Vicia sativa with Morchella (V) significantly increased soil dissolved organic carbon (DOC) and B-1,4-glu-
cosidase (BG) activity; the mixed sowing of Poa pratensis with Morchella (P) significantly raised -1 ,4-N-acetylglu-
cosaminidase (NAG) activity; all herb-Morchella mixed sowing treatments significantly reduced soil microbial biomass
carbon (MBC). During the Fp phase, the F group significantly increased MBC content, while the mixed sowing of
Medicago sativa with Morchella (M) , as well as the F and V groups, significantly decreased microbial biomass phos-
phorus (MBP) content. Compared with the Pp phase, soil available manganese ( AMn), available copper ( ACu),
available zinc (AZn) , and the activities of catalase ( CAT), protease (PA), and glycoside-hydrolases all declined
markedly in the Fp phase, with most indices falling to less than 50% of their initial levels. Soil alkaline phosphatase
(AKP), urease (UR) and pH were negatively correlated with all other indices, whereas remaining soil enzymes
showed positive correlations. Microbial biomass elements ( MBC, MBN and MBP) were positively correlated with
available trace elements (AMn, ACu and AZn). In addition, Morchella yield was positively correlated with soil or-
ganic matter (SOM) , AN, AZn and UR, but negatively correlated with DOC, ACu, pH and CAT. PCA dimensional-
ity reduction revealed that, during the Pp phase, all mixed sowing treatments elevated soil nutrients (SN) and soil en-
zyme (SE) activities while suppressing soil microorganisms (SM). In contrast, during the Fp phase, these mixed so-
wing accelerated the decline of SN. Moreover, SN, SM and SE were significantly positively inter-correlated. The
mixed sowing of Morchella with plants is becoming increasingly popular; this study provides a reference for further re-

search on mixed sowing of Morchella and herbaceous species.
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1.1 #i#

1.1 SF3a# FREEA N H RN
B AT A3 T 1 75 0K - 1 56 ( Morchella sextela-
ta) QI-2 , DRF T4 FP AL gl = VLR AR A8 5 v AR 4R
b 58 R S R T 22 A I Y T AR
Q-2 % MR & U TE T Al AR 7 BOR R ) (NY/T
528) 1OV BB AL SR, AT REBR S 1k AN R R
F L LR (Poa pratensis ) W4 F A6 50 58 57 W 4B 28
B A R A, 57 8B 5 (Vicia sativa L. ) A
F ( Festuca sinensis Keng) W H {52 J5 1IE KOV A FR
) BRAEE 18 ( Medicago sativa L. ) W5 1 K5
1 AT 2 IR HIT P BA S 43t

1.1.2 Kbt R THEEERTT %X
FZEAT (N 36°27. 07187, E 102°03. 2781") ¥ iff e
PRAOME B 47 A7 BR 2\ 5] = JH: T oA 356 b, S W P
17, BUREREAE D A PE 204G, M Py - 38R
5~20 C, 25 E <25 C, 2 SMAHEE 60% ~
80% , TR IE 30% ~40% , &M 600 ~ 1 000 Ix
PRI FIE 2 XL, A A B RS 1, 1+

LR SR WA 1
F1 TEERIFES
Table 1  Basic nutrients of soil
et B s
EERiIN 12.75 £0.32(g/kg)
2R 1.00 £0.13(g/kg)
g 0.58 £0.01 (g/kg)
24 18.60 £0.33(g/kg)
B 54.40 +2.91 (mg/kg)
AL 254.71 +31.82 (mg/kg)
+ 4% pH 8.07 +0.02
1.2 Ak

1.2.1 ¥R S5 FRARERE REEE
B (M) B RPOR (P) hAEESE (F) A
BT (V)4 FhEAFEY) 5 5 5 S 6 SR T IR A
R VR 37 AT ) B AS R i o FRZH (CK) 5 AN b 3R 4
AL FRE 3 ADHIEFETT (1 m x 10 m) . DFkHE
FET R HEE 1 m x 10 m #RIFFEDT 15 4, %
FEJTIRIR B 30 em YL ZEIEAT IR, T 2024 4F
12 H 25 HEAT 4 P A Y Fp 1 R5F 36 Fh s i
2 000 Ri/m®, I e BE R R B R AT A
2025 42 A 27 H, 4 HARK Y T T
U H BRI R AR R F AR ) Y B R kA T

TR AR B B 5 SL A B, 3 i v ok a5 A AR
(BT 380  E AR PR T A AR 72. 80% |
£ H219.40% | JERE R+ 4. 80% | HEME 1% | i B
FRES 1% A1 1% , &5 /K& 60% ~65% % ik
FRl 2648 (RN I, 12 em x24 cm  J&E 5 #2) |
AT 2 400 g, 121 C K 30 min, B HFHA
R BN, 22 CHEFRZA) 25 d, B2 K R4S AN
Al TR RS, 55 AT 200 48 5 4, QAMNEE SR
LSl g (TR EL) (B RS 46.40% /INAZ KL
37.12% JEE B 19.28% A1 4. 64% A1 K
2.32% WEBR A4 0.24% , &K 60% ~65% ,
WEBORIREAS R4S T 2 400 g, B FR AR K
W (100 °C, KT8 24 h) o 7 JH B TR 22 A7 T e T
Ji , [81F 20 ~ 30 em , ACEEAR AN IR 48 THETH
FFEAEHT 1100 ~ 1 200 4%,

1.2.2 R# OFFRERER G LI 530 T
2025 45 J1 6 HFEH 1R JFEITE i (Pp) 2025 4
5 H 20 HFER 7 S8 U (Fp) #6147 158K
FE, BERETBENLEFE 3 A AR K s AL, f
FHEUREZREL 0 ~ 10 em PRAY 3 A AL 5y 3t 700
g, BERRAMYIMR AR I 3 T EERIR S, 5%
BChRIE, PR S E e 500 ¢ bR
il 40 C TR E I 2 mm 0 RISk
200 g Hrif +IEREN - 80 CAEMA I, @ HH
RAFE R P it A R AT A R,
T b KT T [, 6 TRV S b 1T AL 5 450 4 ) ]
H R R — 2R e R

1.2.3 XgEgucdssrm e BHENABE(CK F,
M.P.V) T3 AEE LR #5533
BN S TR R RS A
RERCENE B i, SR AR AL A a2 1 1 pH .
BUERAE ST 3 2 mm GRS SRR S F—E
el (1:5) (w/v) JINA &8 F /K3 0. 01 mol/L
CaCl, WU, P15 # 8 ; FH AR HEZE WM (pH E
A 4.01.7.00.10.01) % i pH 1, Z )5 747 pH il
A ER 3 G BCE Y, R E R
SR 3L I 52 4 HEAT ML (Soil organic matter,
SOM) & Hitid 0. 25 mm Fi 9 +3ERER 0.5 ¢ B
T 500 mL = M #, M5 mL 0. 800 mol/L
K,Cr,0, , FFZZ 1211 5 mL ¥ H,S0, ,$£2],170 ~ 180
CHnF S min; MGER N EER, KIMKERZEY
50 mL; il 2 ~ 3 4B AEM MRS 8, 0.2 mol/L
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FeSO, i 2 AR L1 A 45 e J7 15 SOM &4,
SR FHB - I 3042 38 Jer 3 21 000 5 - S e 4 ( AL
kali-hydrolyzed nitrogen, AN ) 5 & ; 2% F K I 6
TFEE I %2 4 58 8 8% 80 ( Available potassium,
AK) i 5 SR R T OGS ASGE ™ I 5E 4 e
AU ( Available Cu, ACu) &1 , 34 RUEE (Avail-
able Zn, AZn) % &l 1 34 805 % 5 (Available
Mn, AMn) %45 SR TOC 31230 2 n] % 1A AL
fk ( Dissolved organic carbon, DOC) ; >k F & 1)j &
ZR- A LB BT 10352 W R W
B ( Microbial biomass carbon, MBC) ; & H i s 73
BrA ik 20 5 3R A 9 A B L ( Miicrobial bi-
omass nitrogen, MBN) ;%m%{ﬁi%-NaHCO3 =
PRI RE A A 0 A W B ( Microbial bio-
mass phosphorus, MBP) ; 5% F X} il B AR Bl 2 — 4
Fee 3 I e 1 I3 Bk P % R i ( Alkaline Phospha-
tase , AKP) T P s R FH He o e i 3 8
( Protease , PA) 1% 4 ; SR FH i My & Eb €83 0 o £ 158
R ( Urease, UR ) 7% P4 5 SR FH /o5 i 2 409 3% g 125 )
FE T3 E AL S ( Catalase, CAT) Wi £ 5 R 1
AL 2€ e 30 A -1, 4-7 25 B 1 i O
(aG) B-1,4-HEHEHF BEE M (BG) (B-1,4-A M
FREEIG M (BX) | ZF 4 M /K fff i 95 4 (CBH) A1
B-1,4-N- k5L 2 HL i AT BTG M (NAG) .
1.2.4 ZHE5 4 (i SPSS 27 PEAT AR 2R H
BREEE] 50 N 2 T7 2250 T ((one-way ANOVA) | SR
HEATAR S K 6, LABA A2 22 4 2 1) 1) 22 5 3 1k
P <0.05 0 P25  BRFR T HIME « hnifE
2z, A Pearson #4740 &M #T, 5% Pp Fil
Fp 1 346 bR Y 22 5 28 A0 LA K 5 o0 JH T8 7 2 7Y
AR, T R Studio #EATRELE T, 146 FH Origin
2024 1A

2 HEREpH

2.1 HERBYMFHESENN

P 1SR s AR BT A B R (CK) &
ASHEY) 5 7 T T R A A B AR TR ST
i, BE— BT B, AR A M T R TR A
(M) 5 AR 20 R I R AR 2 (F) B 980™ &40
AR, B BRI (P) 5
B AE T AR AR (V) 2 R 1 5 PRI
(P<0.05),

E1 JBHEAFHE~E
Fig.1  Yield of morel in each treatment group

CK FORAUHERN LB, M ACFR AL 78 R IR % P AR
FHU AR AR IR AR, F AR P A 3250 R0 TR
VAR HE LI RERE, FEIE, AR/NSFERE
REEREE (P <0.05) , MF/NGFRAERE A RE
(P>0.05)

CK indicates monoculture of Morchella, M represents mixed so-
wing of Medicago sativa and Morchella, P represents mixed so-
wing of Poa pratensis and Morchella, F represents mixed sowing
of Festuca sinensis and Morchella, and V represents mixed so-
wing of Vicia sativa and Morchella. The same applies below. Dif-
ferent lowercase letters in the figure indicate significant differ-
ences (P <0.05), whereas the same lowercase letters denote no

significant difference (P >0.05)

2.2 HERENLTEFRSETEHERNZME

AL Pp W1, MA T CK 4, - 5 PLR
(SOM) EHAE M P #l F 45 T1E5 (P >0.05) s 75°F
L Fp 3, A% F CK 41,S0M 7 M P .F F1 V ZH1Y
AR AR (P >0.05) , AHET Pp M1, Fp
1B SOM FHEfE M P F Al V A SBREAL, b P 4
SOM K [#(K (P <0.05) (K 2A), FJEHTE Pp
1 AH3ETF CK 4, HHET A LR (DOC) 75 S AE
M.P.F Fl VATt e, Hep e v A i &
(P <0.05) ;Fp 13 DOC &+ ,P I F 4AHK T
CK AT (P >0.05) . AT Pp M, Fp 8] DOC
THIEM 4L V45 E R (P <0.05) (K 2B),
7 Pp W], AT CK 4, +3E0H 2 (AN) T 7E F
HEFETE (P <0.05) ;78 Fp W, M8 T CK 4, +
Herp AN SRR (P >0.05) . AHECT Pp 8, Fp ]
AN FHAE M P F FlV HIFEAL (& 2C) . 7€ Pp
B M CK 4, -8R0 (AK) # i 7E M P F
MV HFETE (P >0.05) ;7% Fp ], M8 T CK
4, L3P AK F IO R AR AL AHET Pp W, Fp
B AK S HAE P A B EREN(P <0.05) (BI2D),
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Fig.2 Changes in the main indices of soil nutrients
RN S8 25— R LA R 2 52 585 (P <0. 05 ), 4 /1N S P 35— I AR L F 22 52K .35 (P >
0.05) ; Bl REF R R E — AL B R A F AR B2 (P <0.05) , AHIE RS FREAC R A — b 3R AS [] B 40 9 28 f R

BFE(P>0.05), FAIRHE

Different lowercase letters in the figure indicate significant differences (P <0.05) among different treatments at the same stage,

while the same lowercase letters indicate no significant differences (P >0.05) among different treatments at the same stage; different

uppercase letters in the figure indicate significant changes (P <0.05) among different stages under the same treatment, while the

same uppercase letters indicate no significant changes (P >0.05) among different stages under the same treatment. The same ap-

plies below

& 3 455 R 7E Pp W1, P FIF 20 + 1A 3%
B (AMn) E B & T CK 78 Fp W M8 T CK
4, AMn & RAEFTA AT T B, HERT
Pp W], Fp M AMn & 1575 i A AL SR A v 1) 0 25 R
flR(P<0.05), 201 457K F- 1 50% (E 3A)
WK 3B s, 7€ Pp 1, 3T CK 41, R HEA AL
Hl(ACu) & BAE M. P.F Ml VA BT 7 Fp
W], M8 T CK 4, +4% ACu &7 M FI P 4
WEFE(P<0.05), HET Pp i, Fp #] ACu
R AE T A R W PR (P <0.05) , 29 0 %)
HIKF1 33% . W 3C Fias 16 Pp 0, MES T
CK M, TIHEA P (AZn) 275 M FI F ATt
5 E P ALV ARG (P >0.05) ;78 Fp 89, 4H
BT CK A, 4 AZn FEEMP.F AP AP

PIFEAR (P >0.05) . MET Pp 8, Fp #§ AZn %
HTEITA AR T i 2 FEAR (P <0.05) , 294 %)
B 50% , WE 3D Fis, 76 Pp 1, #HEE T
CK 41, 3¢ pH JoBH W AR fb a9 7E Fp W, A%
T CK 4, 14 pH 76 M ZH b AR, P 4 b Jh i,
HiPHpH BERT MA(P<0.05),
T Pp I, Fp W13 pH 7E P ATV b B ETHR
(P<0.05),
2.3 HEREENTIEREEENZm
WK 4A Fis 78 Pp JH AT CK 41, 124
el W R T ( AKP) 36 E7E M P F FIl V 4R 1
FH(P>0.05) ;76 Fp I, M T CK 41, AKP {i§
PETE M P F AV R BIREIR (P >0.05) . MK
T Pp W, Fp Wi AKP i&PEFE T A7 Ab AT 34 T 7,
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Hop e CK & THm (P <0.05) . W 4B fir
7N, TE Pp JHAT Fp 09, AHEC T CK 41, 4 3 IR i
(UR) i PETE T A7 AL BEZE TR 2 JC A S A5k, M4
T Pp 1, Fp W1 UR 15 VA AT A Ak B4 o 2t 2%
EFH(P<0.05) , 401G K V-1 2 4%, anlEl 4C
Jiis 7 Pp M, M T CK 4, + 380t A Ak S
(CAT) B HEAE M 4 W EFRIK (P <0.05) ; 7E Fp
W] AT CK 41, CAT 1P TC W A8 4k, A%

F Pp #, Fp H CAT 3G PE7E T A Ab B 4H 34 1 35 %
(P <0.05), 2 AWIH K1 50% , @& 4D
B, 78 Pp W1, M40 T CK 4, e 2 (I (PA)
WM P AP REL(P>0.05) 7 F 4P it
FFE (P <0.05); 7E Fp 3, T CK 41, PA
TWEPETCEE AL, AT Pp M, Fp 1 PA TR
TEFT A A FRAH v 35 1 25 AR (P < 0. 05) , Y39
HIKF-FEA 509% LA L

B3 THEENMETENpH TR

Fig.3  Changes in soil available trace elements and pH
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Fig.4 Changes in soil-related hydrolases

e s fros, 76 Pp W1, BR M4 3 o-1,4-7
EIFE G (oG ) WG MRS, AHEE T CK 4, T4 oG I
PE B-1,4-F A BETT I (BG) WM L B-1, 4- A WH il
(BX) WM 21 4k — Wl /K i g ( CBH) 1 VEFN B-1,4-
N- SRR B A H I (NAG) IR P 2T
o H oG WEYELE F B ETHE (P <0.05),BG
TEPETE F A1V 2 B TH5E (P <0.05) ,CBH 1% PE7E
FARETE (P <0.05) ,BX WG IELE F H R ET S
(P<0.05),NAG IGPETE P FI F B E T (P <

0.05) . 7¢ Fp #i,#H3T CK 41,aG {HMHAE M P F
NV R ERAL; BC I TEZE M A1 P AR, 76 F
IV 41T CBH TG PETE ML F RV 41 Fh 4RI,
16 P 2HTFEn  BX WEPEAE M P F F1 V 2H h R4
NAG {EVETE M A1 F ZH Ik, 76 P AV b
o AHEST Pp M1, Fp 3% oG BG . BX.CBH H
NAG {EVEAEITA AR, 7E PLOF FV 411 0 2
FEAIR (P <0.05) , Hirb BG 1 CBH G 2454501 if 7K
SFEFEAR 509 LU E

5 TIEMEEHEEREN
Fig.5 Changes in soil glycosidases

oG .BG .CBH .BX I NAG /337 a1  4-F 45T, B-1,4- R0 1 18 | 2T 2 MK B-1,4- A M T BRI B-1,4-N-2.

Pt e e A AT

aG, BG, CBH, BX, and NAG represent a-1,4-glucosidase, B-1,4-glucosidase, cellobiohydrolase, B-1,4-xylosidase, and B-1,4-

N-acetylglucosaminidase, respectively
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2.4 FEEEBTIEREYEAMETENTN
WK 6A i, 76 Pp W, AMHET CK 4, T 4%
iR MR B (MBC) 7 M P F FI V 4Py
BEWEME(P <0.05) ;76 Fp 1, AE T CK 41,
MBC &H#7E M P . F 1 V 4y BT Hdh7e F
HWFET = (P <0.05), MHET Pp I, Fp
MBC & & 76 i A AbBigH o 8 25 AR (P < 0. 05)
Horp CK 41 F R, 4 915G K F 1Y 35%
WE 6B i, 76 Pp Wi AHEC T CK 41, - 340t
P & (MBN) i 7E V b B ERRAL (P <
0.05) ;7¢ Fp ¥, A% T CK 41 ,MBN & 87 F 41
IS TR (P >0.05), MEF Pp M, Fp
MBN & 75 BT A5 kb B2 2 B AIG, 1 7E CK M, P
FF A 2 EFER(P <0.05) , Hrp CK il M 41
Pristor b K S FEAK 50% LA E, Wil 6C frs , 1E
Pp 9, MH# T CK 41, 35 A W 0k (MBP) %
HTE F 40 B E AR (P <0.05) ;7€ Fp W1, HH# T
CK 41 ,MBP 7£ M .F #1 V Hh ¥ B E AR (P <
0.05) , H#F Pp #,Fp 1 MBP & &7 CK M,
PV A (P <0.05) , Kb VAT

Ve 2 , 2 06 K-F19 50%
2.5 ARFHE#HEAFXWTESIERBEXLE
S

FLTA 255 R, AR 5 RO TR 7 A9 £ it
AR TE LB Pp W Fp W) R bR A A 1
ANA ] (E 2 B AR I A7 — S Ao — 3 AR
e, o R 288 bR Z [0 ARG,
SRR (B AKP A UR) 5 4 38 HoA 5 45 1E
AR KRB (B pH) |, £ A+ el 22 7] 2 52
FIEME(P <0.05) ; LA - e p A W ) i
JCZ (MBC MBN Fl1 MBP) 5 + 4 50U = 4 )8
JGE (AMn ACu FIl AZn) 2 [A] ¥ 3 B i 35 1E A4
K(P<0.05), 1fi+3% pH AKP Al UR 7MLk
5 43 b A 48 bR 2 UM G, 11 pH | AKP il
UR = # Z [ R IEAH ¢, Hir 438 pH A1 UR DI
AKP 5 UR Z A B EFIEF X (P <0.05) , X F
JHE B it B SR A AR BR B AE G AT 2 SR R
(I 7B), FREE = &5 SOM, AN AK | AZn,
AKP I UR 4§ 2 IEAHG, FEHE ™ &5 DOC,
ACu .pH MBC ,CAT F1 CBH %5 7€,

Elo TEMEMEMETIRNETL

Fig. 6 Changes in soil microbial biomass elements
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Fig.7 Correlation analysis of soil parameters under different Morchella cultivation methods
SOM fUER LA HLIE, AN FURBAR A, AK AURHUEET, DOC fRSR AT kA HLER , AMn fURA 2808, ACu fRSRA AL, AZn
fRFA R, pH IERRBE , MBC UK AW A My ak , MBN AU A M AL W 5, MBP AU A Wy A W i e, AKP AU A
PERRMRHE, UR fCRIRAR, CAT fUR T S AL A, PA IURE AR, oG (U5 o1, 4-H A M S, G 103 B-1,4- M 401 1,
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SOM represents soil organic matter, AN represents ammonium nitrogen, AK represents available potassium, DOC represents dis-
solved organic carbon, AMn represents available manganese, ACu represents available copper, AZn represents available zinc, pH is
the acidity or alkalinity, MBC represents microbial biomass carbon, MBN represents microbial biomass nitrogen, MBP represents mi-
crobial biomass phosphorus, AKP represents alkaline phosphatase, UR represents urease, CAT represents catalase, PA represents
protease, oG represents a-1,4-glucosidase, BG represents B-1,4-glucosidase, CBH represents cellobiohydrolase, BX represents

B-1,4-xylosidase ,NAG represents -1 ,4-N-acetylglucosaminidase, yield represents the production of morels. Red indicates positive
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correlation, blue indicates negative correlation, and * indicates P <0.05
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Fig. 8 Changes in soil indices from the primordium phase to the fruiting body phase of Morchella spp.
A B Al C 43537 PCA WEAEJS AN IF] 5043 (9 A B 38 5 L5 D 2 PCA BEAE S 55 — R UM B M 3R/ (815 E J2: PCA B4 IS
SN SE il SM BAHICHE T, CK M P F RV 73l (M T L | 46 7 - R TR | S M P R - R R TR AR L 4
F 3 BB R S D SRR P 1 Fp 432 Bt RIS 55 A U + P <0.05

A, B, and C represent the variance explained by different principal components after PCA dimensionality reduction, respectively ;D

shows the values of the first principal component after PCA dimensionality reduction ; E shows the correlation analysis of SN, SE, and

SM after PCA dimensionality reduction. where CK, M, P, F, and V represent monoculture of Morchella, intercropping of Medicago

sativa and Morchella, intercropping of Poa pratensis and Morchella, intercropping of meadow Festuca sinensisand Morchella, and in-

tercropping of Vicia sativa and Morchella, respectively; Pp and Fp represent the primordium formation stage and the fruiting body for-

mation stage of Morchella, respectively; * indicactes P <0.05
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