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Using Mushroom Residues Improving Soil Physiochemical Properties, Wheat Root Growth

and Yield in Low-yield Cropland of Ancient Yellow River Area
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Abstract: A two-year field experiment was conducted to evaluate the effect of applying mushroom residues on soil properties,
wheat root growth and yield in the region of the ancient Yellow River. 7 treatments were designed, i.e., no mushroom residue
(CK), straw-based mushroom residue at the rates of 6, 12, and 18 t/hm? (S1, S2, and S3 respectively), xylary mushroom residue at
the rates of 6, 12, and 18 t/hm® (B1, B2, and B3 respectively). The results showed that compared with CK, applying mushroom
residues increased wheat yield by 32.4%— 51.8% and 38.8% —101.2% in the 1st and 2nd year, respectively (P<0.05), and stepwise
regression showed that applying 1 t/hm* mushroom residues improved crop yield by 0.21 t/hm*(P<0.01). Applying straw-based
mushroom residues of 18 t/hm? achieved the optimal agronomic and economic incomes, however, no significant differences in
wheat yield and economic income were found between straw-based and xylary mushroom residues (P >0.05). After the two-year
application of mushroom residues, soil organic matter content increased by 24.7%—57.7% (P<0.05), bulk density and

compactness significantly decreased by 11.6%—18.2% and 20.8%-35.7%, respectively (P<0.05; B1 excepted). Root traits showed
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positive correlation with wheat yield. Applying mushroom residues significantly increased the total root length, surface area, total

volume, and folks (P<0.05). Wheat yield had positive correlation with soil organic matter content but significant negative

correlation with 0—10 cm soil bulk density and compactness, which indicate that increasing soil organic matter and improving soil

physical properties by applying mushroom residues are essential mechanisms for wheat yield enhancement. Our study indicates

that for farmlands with low soil organic matter and less favorable physical structures in the low-yield cropland of ancient Yellow

River area, applying mushroom residue is effective to improve soil physical properties and fertility, promote wheat root growth,

increase wheat yield and economic income.

Key words: Mushroom residue; Low-yield cropland; Wheat; Root; Soil physical and chemical properties
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Table 1  Soil basic physiochemical properties of tested soil

A PH  LHEAMUR &R R A R
(g/em’) (g/kg) (gkg) (mghkg)  (mgkg)
149 858 4.41 0.18 63.3 2.63
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Fig. 1 Wheat yields (A) and economic incomes (B) under different treatments
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Fig. 2 Soil organic matter contents (A), bulk densities (B), and

compactness (C) of 0—10 cm and 10-20 cm depths under different
treatments
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24 EHEBAXMNNEREZTYRE. AAFER
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HLIE 2 (P<0.05) 5 T H A AN B (FR 3). i F R 5 AR &
AR A 1 #(B3 Ab#ERRA1), Hidr S3 AbsE fin
MR e =5 (63.0%), H & T CK(P<0.05), #AbE
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x2 FRLETNERRESERER

Table 2 Wheat root traits under different treatments

bisii BARK(10° cm) BRERM (em?)  HRFHERmm) R (em’) A% e e 1
CK 9.71+0.24 b 10340410 0.36+0.01 a 0.089 +0.005 b 229+ 13 b 569 +44 ¢
Sl 1644+ 1.28a 20.17+0.26 a 0.40+0.03a 0.199+0.011 a 414+52a 1147 107 ab
S2 1460+ 1.11a 1747£2.17a 0.35+0.02a 0.150 +0.012 ab 482+ 107 a 863+ 116 be
S3 1577+ 1.90 a 19.99 £3.05a 0.41+0.02a 0.204 £ 0.038 a 377+27ab 1029 £ 155 ab
Bl 1732£2.55a 1836051 a 0.39+0.04 a 0.177+0.015a 396 + 59 ab 1096 + 118 ab
B2 16.48+0.82 a 20.36+2.74 a 0.41+0.03a 0.209 +0.048 a 398 +25 ab 1275+ 196 a
B3 14.35+0.63 a 18.68+ 1.15a 0.39+0.02a 0.186+0.018 a 522+6la 1000 + 55 ab

T FRPEAR P AR R S R I A FRIER (n = 6); [FIFIAIF/ING TR 3R [ b B[] 47 7 2 22 53 (P<0.05); T Il
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(RELARTE 2019 4R W 455 M bR DR (n = 3))
3 FRLEFERABRTCEIRARSIERIER
Fig. 3 Root morphological traits of different root diameter ranges
under different treatments

25 IZNEFFE. HEEAZE. REEKER. £
EENRRMIEERENXER
PR it P o 5 /N e e B IE A G OC R (P<
0.05; 3 4), FRARHIEA W ERIENE &, Wil
JEFHHES 0~ 10 cm & 10 ~20 cm +3EAHLFE & &0

x4

Table 3 Wheat root dry mass, specific root lengths, and root tissue
densities under different treatments

W WA TYRE@HR) R me) AL (mg/cm®)

CK 0.25+0.03b 3.84+£0.48 be 2.91+0.36 ab
S1 0.38+0.05b 4.45+0.82b 1.95+0.13 ¢
S2 0.30+0.06 b 532+0.87 ab 1.95+023¢
S3 0.27+0.07 b 6.26 +0.64 a 1.32+0.08 ¢
B1 0.38+0.08b 4.77 £0.22 ab 2.19+0.45 be
B2 0.35+0.06b 4.77 £ 0.35 ab 1.93+0.38¢
B3 0.70+0.10 a 2.28+0.37¢ 3.80+0.28 a

BR EEARIC AN, N2 7= i SR R A KA AR 2 1F
MR, HSEMRERHEA, RIS MR HOM
HE R T ot 5[] 9 R OGP 3K I 25 7K F (P<0.05 5 3R
4), BRARAIZUE AL, B S AR R A K
PR R IEA OGO R, (A G R Ik B 3 KF
(P>0.05). BRIRF HAR ARG GURE S, HARA
AERKIERRE S 0 ~ 10 cm HEEAPUR &L IEM L
KFR, HEARE  MAESNEE 0~ 10 cm AHLR
AR e A B K P (P<0.05) ; (H A5 4R &R 4 KAk br
5 10 ~ 20 ecm +3EH ML F & JC B E A M
(P>0.05) BRI L% B Ah , £ R A KGR 5 0 ~
10 em HEEAFERAMEOCHR, HRRLMEH, R
ZrXHEE 0 ~ 10 cm HIEE HAIA M A B E K
F-(P<0.05) 5 BRARARFCRLARK AL, 4R R A K05
510~20cm HEFFE B EAMKKR, (HHHEME
ik B E K (P>0.05) B SR | R 53 SECRILE
RAESL, #RRERKIERE S LR S S AR
XF, HRARTYFEES 10 ~ 20 em 38 % 52 1)
A& IA I 2 /K- (P<0.05).0

MEFER. BERAE. REEKER. TRMEREEZ @AM

Table 4 Correlation between wheat yield, mushroom residues application rate, root morphological traits, soil physical properties

FRAE N SR SRR AR AR AR R SRR AR AR R UBR R T B AR AR R

FrH - 0.53" 0.37 0.44" 0.09 0.42 0.50" 0.43 0.49" -0.09 0.09

A T e FH 0.53" 0.15 0.31 0.17 0.32 0.31 0.15 0.34 0.05 -0.03
0~10cm AHLE 031 0.40 0.46" 0.40 0.00 0.29 0.21 0.53" 0.05 0.24 -0.15
10 ~20 cm AHLEE 0.47 0.40 0.07 0.02 -0.01 0.00 0.02 0.05 -0.11 0.15 -0.11
0~10cm ZFHE  -0.44" -0.56%* —0.22 -0.42 —-0.36 -0.45"  -028 043" -0.05 -0.11 0.26
10~20cm FE  0.04 0.04 -0.12  -0.23 -0.26 -0.25 0.04 -0.13 -0.33 0.28 -0.16
0~10cm BILE —0.56" —0.72%* 0.01 -0.14 -0.23 -0.19  -0.29  -0.16 -0.27 0.14 -0.13
10~20cm B9 HE —0.14  —0.18 0.13 -0.02 -0.27 -0.09  -0.12 0.11 —0.44" 0.32 -0.29

e RPEEERMICREL, R0 530 R s A DG IR B35 (P<0.05) Il 2 35 7K - (P<0.01).
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MR AE AR AR B i 5 L G it FH o 13 AL
JoT o it A R S R AR bR ] A3 A5 1A 43 B an R
5 B o BRI E S /N PR (P<0.01), AT
DSBS 72% (7= AR S, HLAREA | thm BB
FERATEETF 021 thm?, A P & ] R 21%
AR AR 5:(P<0.05), MRS [MIH AT 45 4
T 1 g/kg WA AL & & v 3R AR K 260 m/Fk
0~ 10 cm TIEA AR 20% HIMRRIRFAS S [
i 1 g/em’ (9 - HEZS T RS 0.33 cm’® AYAR R IR,
R ZR G OBt w] ) = A LT R B (R= 0.28; P<
0.05), AALFE LT 1 g/kg, R RSN 277 4~
R 2Ry I ) 57 T 7 e ) 2 R W) (. 3 (RP= 0,28 P<
0.05).

x5 NEFERRREKERSEZMERNMN
ELSEVAN

Table 5 Stepwise regression analysis of wheat yield with root
morphological traits and soil physical properties

Y 2 0] 7 R? P
FEHE (t/hm?)

Y=4.78+0.21AR 0.72  0.0001°"

BRE (10° cm) Y=32.24+26.010M  0.21 0.0355"
MAREE A (em?) Y=51.30-22.95BD  0.18 0.0575
WP EAZE (mm) Y=0.59-0.17BD 0.13  0.1075
REREABL (cm’) Y=0.63-0.33BD 0.20  0.0390
A% Y=453.66+8.04AR  0.09 0.1921

HRFR 53 X Y=-247.71+277.480M 0.28 0.0131"
WA T FHE (g/plant) Y=1.11-0.23C+0.01AR 0.30 0.0421°

WAREK (m/g) Y=-0.60+1.56C 0.10  0.1541
RALEE (mg/em’) Y=15.57-0.93C 0.09 0.1962
e BB R N QAR AT TR, 0 ~ 10 cm
TR, BYE KAV SR, 10 ~ 20 em HIERE . BE
KAHUTFH OM 2 0~ 10 em 3584 PR & & (g/kg) , BD H 0 ~
10 em RHEATE (g/em’), AR S B # it H:(/hm?), C B 10 ~ 20 em
TSR (107 kPa), * 43R R IK B2 (P<0.05) Ak 2%
(P<0.01)7K -,

3 ihie

3.1 HEEANEEGR

HTATEARACAE 294k i 7 4k H R IF9E & B, it FH 7
WA AR N R 4.7% ~ 69.64%M 1T (AT
B O A=, O F R AXHEY) A7 )1 82Tt
SR IT > o ARIFTTAE A o , M A it PR i Ak
B it B IS 58 1 AR RIER 2 AT /NEZ 7 a4 RS
T 32.4% ~ 51.8% Fl 38.8% ~ 101.2%(P<0.05;
1A), PR B E . AT, B i
RIBEIN, /NZE e BRI 1A), R, B
TSR Bon, BEiEA 1 vhm® ERE, T8I

0.21 t/hm? [/ P 1 (P<0.01; 3 5). X RUIE it
RF A A B TRT (A X, T o i T e A P T
YEY) ™= o BEHIGE X B A AL & 28, bR
i, it AR IS 5 7= R R ks FAR i kU,
AFFAEY =, B A C/N HE R (62.8 ~ 77.7),
Jite FH & A8 A F A et £ 3R R A R R B AR
YERT, @ ZR R AEY = AR5,
HHTEI b R R, BRI/ NAE P G i 25 5, W]
AB 2 TG AT 5 PR AR [0 1 s B Ak P S AR, L
it FAAFEBRAS PP s, 2B b B, S3 4b
PR (/NEZ PR (7.99 t/hm?)FIZ 554525 (8 838 JG/hm?)
TEAAL B e (] 1), SRR BT H0E DORAR
FER A 18 thm® ZK 34 F AT 3RAS 45 AR 2 2
Tl s
32 HEEAXNITEFSIRSENTMD

AU A AR A B AR . Han 4500
AR 68 MMIE ALK LI THY meta
SyRTRI, HHEA P AR S MY R A
XK, BEHOM 1 gkg ) EHEE P AT THEY) A
238 kg/hm’. AHFSE HHERERA HLT S AN 4.41 glke,
R TIREZE O ~ 20 c)BA ALK F
(20.69 ~ 21.89 g/kg!™y, RRRHIZMBIXEY =B A E
BHNFZ— AREER TR, HEE 2 4F)5, 0~
10 em A LB B E LT 24.7% ~ 57.7%(P<0.05;
Kl 2A), H LT & 5 /N P i 2 IEA G
RER 4, HL, w#EH T E5A PUTKE 5T
JE/INFZ PR AN B T LR AR . TR it R RS I A S
ARTTEH, HEA LT S R I1E 12 thm® B it 7K
SN IR E R R, ARSI i 3 BT S R
IR 2A) o 3 1T RS2 ph Bl 25 P 7 it P 2 () 3
BN A IE X I A B2 R SN ik, =
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33 BEEAXTEYIESENRAREKBNE

B HOE XA s IS, L8 i AL
REL 7 2% B i VR 0 A 2 2B A= 1 B B A S B P R
Z =Y BRI, il A HLRE X £ e
R OGS FIVEYIAR R HA B R, A
RIS BN, B 50T A#RE 0~ 10 om +
e AV S MR A 31.4% A1 51.8% (P<0.05;
#*4), HAML CK, JMHFE®E 0 ~ 10 cm LA E
TEREIET 11.6% ~ 18.2%, B SLPE BEIER T 20.8% ~
35.7%(P<0.05; B1 AbFEBRAL; & 2), i A it FH B i
CIRTEAC e 2R T WA
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