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Effect of film mulching and AM fungi inoculation on maize growth and rhizosphere soil properties with the
addition of weathered coal

QIU Lang, BI Yin—li", ZHANG Yan-xu, YU Hai—yang

(State Key Laboratory of Coal Resources and Safe Mining, College of Geoscience and Surveying Engineering, China University of Mining
Technology ( Beijing), Beijing 100083, China)

Abstract: Owing to the heavy evaporation in the spring—autumn period and cold climate, coal exploitation in the Eastern Prairie of China
disturbs the soil structure, accelerates soil desertification, and lowers soil fertility, thus hindering crop growth in the mined regions. In order
to solve the issues of poor soil nutrients, a pot experiment was conducted with two film mulching patterns, i.e., non—film mulching and film
mulching; two soil substrate types, i.e., sandy soil and a mixed substrate of sand and weathered coal; and two levels of microbial inoculation,
i.e., arbuscular mycorrhizal (AM) fungi inoculation and no inoculation, namely the control (CK). The aim of this study was to evaluate the
effects of AM fungi inoculation on plant growth, water use efficiency, and rhizosphere soil properties under water stress conditions using dif-
ferent soil substrate types and film mulching patterns. Results showed that the inoculated, mixed—substrate system improved maize root colo-
nization and soil external hyphal length compared to those of the inoculated, sandy—substrate system utilizing the two film mulching pat-

terns, but not significantly. In addition, soil total glomalin and easily extractable glomalin contents with the mixed substrate were significant-
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ly higher by 80.0%~106.5% and 55.0%~73.3% than with the sandy substrate (P<0.05). With the same mulching pattern, both the AM fun-

gi and CK treatments utilizing the mixed substrate significantly improved the soil SOC, TN, and Olsen—P contents compared to those utiliz-

ing the sandy soil (P<0.05), but reduced the soil available K content. The combination of film mulching and AM fungi inoculation positively

affected plant height and biomass, leaf SPAD value, and water use efficiency with the mixed substrate. Compared to the sandy soil, the inoc-

ulated soil invertase activity with non—film mulching and the soil catalase and alkaline phosphatase activities with film mulching of the

mixed substrate significantly increased by 46.8%~59.8%, 37.9%~70.0%, and 57.8%~87.5% (P<0.05), respectively. Our results indicate

that the combination of film mulching and AM fungi inoculation can improve plant growth, water use efficiency, and soil fertility with the ad-

dition of weathered coal.

Keywords: AM fungi; weathered coal; film mulching; soil enzyme; mycorrhizal colonization

F ] AR 90 e SR 0 5T SR 3 T - SR A A
WA LIV Ik, 175 IR v BR A S A )
AT, FEERIY LIRS 22 AV S A
R DR DAECT i ) A M AR SRR
T AR, X BEAG 1A AR AVEY I I AR R Rk
Fo BRI 2T AT R TR A R, 32
AR Ak - M A= 7 07 FAT BR B 7K B 1) 226 4 A T
JERRER DX AR T R e 1) B AR AR

A AR (Arbuscular mycorrhizae , AM) EL I & H
IR B bl AL —Fh 1S, HLRES R 28K
HYE MBI A C R . REMTERY], AM 1T
P AT 3G A AR LK RN P K S5 5200 R
B R WA, S s AR ) T BB AE BT A2 B8 0, 6] I AM
LA 4 A 11 R A 5 2% AR OC 1238 28 11 (Glomalin—relat-
ed soil protein, GRSP) BB AiE i 7K 73 Ko 2 1 1= B 141 2R
TRTE B, 0 - 3B A sd g M AR v, SR T A AR A A
MR A AR MR B 28 55 8804 DA S A B 2R
St TR A S R G is F AM B R AR ST
REDL A, X 247 - S8 3 AR 00 0 £ S80% HA AR K
T 71, CRAU AT HLAO AT — T A= PR,

Hb AT 55 HORTE IR [ T 5 T B X AR 2
iz, R DN R B I R RS A RO
WFFE R WY, T R d X BIR 2 b P 28 T, i 2> 1 3
IKIF I TREE R SRV EI T A 5K o3 A PR,
HEAWEFE 28 TE AN R A 1507 20T AR L
SEIRE K™ B 0N ™, X BT S At i R R 45 S WA
W A T IR O TR | A HEOR K RE ) LA AL
IO B AT IEAZ . WALIEAE —2K s
TR Y BRI TR AP, W)
BF 28 R A M AR RUREE X T R T R b X R Ak
e 0 B AR BT R A ] ek RAOR  JEHURTE R K
J7 1"

AM B 5 1E EHR YT SRR B 8 T R AR AL

JOL B 2R A 55 22 RS R SR DA 56, L AP AML LR ol
J IR LA S N2 B 45 R ER AT BERZ IR AM L
PR ARG ARBE ™, T R MR e R R/ NS B T AM L
Y5 1E BRI ICA BTy R e TR ARTE e AR
PR TR ORI PR S5 T TR BE T o B AT
BRI T i AM B R 5 I8 23 R AR H BT 7
AE T3 A FEAE P % 0 WML B9 AR A8, o b Bl 1
55 - IENE T B AL HAT S D56 2, LR RS U
M S ke - STESR TR ERAR DO, DAL T 041 DA Ak L A
PALOE R (=g TP (Sh A (S e 11300 d B NANUN S E S
SR ZHRE BI85 i IR YRR
TS o BT S KA RE T - S8 T 0 1 R/ N3
Wi I SE 8D, I 5 E A IS A Bt I XA AR A [
SR T A B A LA A 2E S BT, A WESE LA
RN A ATRE , LA - AR S o
ARG W 5 7 VR XA IR 2T 4 AML B 7
XF F R R AM B R | L SREHE T A T
RSN, 15 7 ARG IS IX VR A S s e 3t
RE LIS

1 MBR5FE

1.1 X5 #F 4

Ml FOK SR O RG 28 57 il 4 3 S b
4, ok A AT AL v s XA BREEE BOR A BRE 4
MR B RMIEE IR X, b AR KT T e
ZEVKI (121 °C.0.14 MPa 2 h) J5 3 F ¥R (1
215 em  F N 14 em 5 20 em) o X AM LT
ﬁ@@%*ﬁ%%(ﬁ’unneliformis mosseae , BGC XJO1) ,
W SEF et BB, J5 b R (A0 3
Y E BSIRE 00 LA EORY B SR 3 A LI
FAL YA BE (90% LA | ) AR AN 22 F B A+
(16.14>-g™") o BEREARCA T A7 B R i
I ISR TR W 1.



2212 RAINER R A RYE=S B
F1 X T EEREAER
Table 1 The properties of the tested soil
ML L/ kg™ 25 /g kg WA A/mg ke A /meg kg A /mg-kg! RKREIKE/% pH
b1 1.11 0.10 7.0 2.4 26.7 20.2 9.1
AL S 96.0 2.3 21.0 0.56 19.1 57.4 6.3
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b b B, 3 T 3.5%~6.6% 1 3.1%~34.3% ,1H.
TR EZER BN AR G BT A%
Bl AM LB FI CK AZb B (1) 14 T-GRSP Al EE-GRSP 1%
R R TR TR S b B (P<0.05) , B
Jit R AL B HL 3 o T 3 GRSP & &, o 5
b - JE B AH b, WP ETR A S5 B 8 T-GRSP & i
7 JC B R RN A R 43 0 B2 T 80.0%~89.3% Fil
81.4%~106.5% (P<0.05) , 13 EE-GRSP & & 7F Jo 74
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GRSP 7 &, Hrp A4~ b B[R] Y 138 T-GRSP 78 L3
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B EEF(P<0.05)
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T B AT L T A P SRR AR T KA H )
SEFEAK R (B D), TR A B B R T
HASF- PR K S AH oAb A S oAb R AR T 46.4%
(P<0.05) . [l —BF BANAIE S BE T, Pl AM L
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Table 2 Effect of AM fungi inoculation on mycorrhizal colonization, soil external hyphal length and glomalin under

soil substrate types and film mulching patterns

BT =X PRI T FERP A1) 12U % MM 22 %5 i /m - g T-GRSP/mg-g"' FEE-GRSP/mg- g
TR w1t CK 0+0b 0+0b 0.50+0.01¢ 0.40+0.01b
AM 62.2+2.2a 0.99+0.18a 0.56+0.02¢ 0.43+0.03b
IR A CK 0+0b 0+0b 0.90+0.03b 0.62+0.01a
AM 64.4+4 4a 1.33+0.14a 1.06+0.04a 0.76+0.06a
¥iE 63.3A 1.16A 0.76A 0.55A
B 1t CK 0=0b 0+0b 0.460.02¢ 0.39+0.02¢
AM 66.7+3.8a 1.3120.13a 0.59+0.03b 0.45+0.03c¢
IR A CK 0+0b 0+0b 0.95+0.03a 0.67+0.05b
AM 71.1+4 4a 1.35+0.20a 1.07+0.06a 0.78+0.01a
¥iE 68.9A 1.34A 0.77A 0.57A
Ji 2530t ANOVA
BT EM NS NS NS NS
HER KL S NS NS * i
HA i EY 1 * * * *
MxS NS NS NS NS
MxI NS NS NS NS
SxI NS NS NS NS
MXSXI NS NS NS NS

TE R B 3 T A A bRk 22 o IR SR [A)/ING B 30 Al — By U R R [ AR BEAE 0.05 K BAT 225 . IR SR A RS bk
FORPIRPBELEE 7 3k BRI AE 0.05 /KF EAT BEXETE . CKANAM M5 FR %t BEAIERD AM ELR . *. P<0.05,NS. B E %R . TH.

Note: Values are means + s.e. of three replicates. Different lowercases in the same column within the same film mulching pattern indicate significant dif-
ference among treatments at 5% level by LSD. Values followed by the different capital letters in the same column indicate significant difference between two
film mulching patterns at 5% level by LSD. CK and AM indicate non—inoculation and inoculation with arbuscular mycorrhizal fungi. * and NS represent P<

0.05 and no significance, respectively. The same below.
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Table 3 Effect of AM fungi inoculation on maize growth under soil substrate types and film mulching patterns

B R PHRELT R HRE/em AW htlg-pot” W SPAD/spad  KAMFIHACRML-¢" BARTTER/%
JeE b+ CK 51.3+2.4d 4.9+0.2¢ 32.1+2.9ab 835+10a
AM 73.3%3.8¢ 12.6=1.0b 33.6+3.4ab 396+23b 61.1
WHRIR A CK 87.3+1.5h 12.5+0.3b 32.0+0.1h 344+15hbe
AM 96.0+1.7a 20.1%0.5a 39.8+1.5a 320+15¢ 37.8
B 77.0A 12.5A 34.4A 474A
B bt CK 68.7+1.9d 5.1+0.1d 30.2+2.2¢ 485+25a
AM 81.31.8¢ 11.540.2¢ 39.1+0.8ab 248+16¢ 55.7
WHRIR A CK 95.7+2.3b 14.8+1.0b 33.5+2.0bc 342+22h
AM 104.3+3.3a 20.2+0.9a 40.121.9a 293+19bc 26.7
Bl 87.5A 12.9A 35.7A 342B
5 2253 W ANOVA
HBTTAM * NS NS *
BEATETS * * NS #
FFAEY T * * * *
MxS NS NS NS *
MxI NS NS NS #
SxI # NS NS #
MXxSxI NS NS NS *
w000 Cw ma AW (P<0.05) (3) . BLMIRULIRN AP 1
N N IK I3 R IBCRAR e JC B A PR 5 42 5 1 27.8% (P<
coor ] be T 0.05) , JLHP LRI, B HR A& JE I A 1l AM EL I
i c c ) Il CK AR TR 19 7K 53 FIASCR A3 390 i 30 T8 6
5 4000 d FROAF S b B, 435132 5 T 58.8% 119.2%(P<0.05) ; 1fi
ﬁ q BT, $Hh AM FL B AL FH A 7K 43 R AR AR 1
20007 TR ot 5 b o [|) G 1835 25 57
2.4 AESIEX EKIRER T IEA Y BRFFR S B0
“Twr womRs Bk AR A J5 Z o e R, AP BHR & H B 2 2
T T R ORAMIBR LA BLB R4 S i (). T
A BRI R, 3Rk AM ZUR MR AT B
4b BRI 2 5 .35 (P<0.05) W T CKANEE  (H IR 35 25 5 (H A0 B 5 FAK T

Values in the figure are meanszs.d. of three replicates.
Different lowercases indicate significant difference among
all treatments at 0.05 levels by LSD

1 ORE M RAE R TR AM B Ek
EERFKENFIT
Figure 1 Effect of AM fungi inoculation on water consumption
during whole growth period of maize under soil substrate

types and film mulching patterns

PRSI 425 T 48.8%(P<0.05) . 724y
Mt B, o KK 4 R AR 32 31078 B3 3 it
FER SR M SRR E R = HZ R H

HEPBR - 398 4 10 (B JCBE MSE+10 1 BE A ) A RO (B
TCHE B+ R AR TS e, o R AR T B
Sl e b A 3 5T R D TR A R BR AR T 40.0%~
57.1% F1 14.3%~23.8% (P<0.05) , -1+ 5 3 S0 80 5 B 43
I AE D A 3 T RN RS TR A R BN T 27.5%~
41.2% F1 11.9%~16.3%(P<0.05) , X F 815 35 T 14
H R ARSI 22 , HT A S50 W O 2R R R 7 - 4
FEOCR . R R A LT N AN AM B AR
o - S8 SRR 5 A L CK b P R 5 A T 28.5% (P
<0.05). LA, 7 IR Fb TG 78 R Ak BRI SRR T
HEHUUE -1 B & (P<0.05) .
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A TR A RS T AR B L S8 4 Fof 355 P 1459 e 4%
MR (R5) . LIEREMERE— S5 LA LR
AR, P R AL AL 0 A A B AR . ORI 1

SRR A SL T e AM EC B AN CK AL B AR s 398 5
T P A R A 35 3R AR R A B0 AR v T
59.8% F146.8%(P<0.05) . 31t S {b &l v] oK 4 4
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Table 4 Effect of AM fungi inoculation on rhizosphere soil SOC and nutrient content under soil substrate types and film mulching patterns

T P HERBRUEY  APLRIg ke R lg kg B W /mg - kg™ R /mg - kg™
o 1 CK 0.89+0.09b 0.15+0.018¢ 1.4120.11a 86.5+2.0a
AM 1.28+0.14b 0.09+0.006¢ 1.17£0.10a 50.9+5.5¢
WA CK 11.420.65a 0.63%0.035a 1.62+0.31a 73.1%4.5ab
AM 12.520.55a 0.48+0.013b 1.3120.21a 64.4+4.4hc
BifE 6.52A 0.34A 1.38A 68.7A
LR 1t CK 0.95+0.08b 0.14+0.012¢ 1.32+0.05ab 64.7+0.6a
AM 1.4220.11b 0.06+0.004d 1.1120.03ab 46.9+1.3¢
RS CK 12.7+0.78a 0.56+0.009a 1.44+0.19a 58.4+2.0b
AM 13.120.90a 0.48+0.033h 1.0320.05h 48.9+1.1¢
BfE 7.03A 0.31A 1.23A 54.78
Ji 253 ANOVA
L7 M NS NS NS *
P EET S * # NS NS
PR 1 NS # * *
MxS NS NS NS NS
MxI NS NS NS NS
ST NS NS NS *
MxSXI NS NS NS NS

5 RNELEERNE R TEMAM EE X ERRFR T IEEEENZIG

Table 5 Effect of AM fungi inoculation on rhizosphere soil enzyme activities under soil substrate types and film mulching patterns

i1y, MU ERVEY AR mg- g 24h W EALEEE /ML 20 min” BRE/pwg-g 24 b BRPEREAREE/ wmol - g b
oA w4t CK 12.2+0.10b 0.29+0.027¢ 73.2+4.4bc 0.28+0.02b
AM 14.1+0.95b 0.39+0.004ab 86.5+6.7ab 0.43+0.02a
IR A CK 19.5+0.62a 0.33+0.035bc 60.7+2.1¢c 0.34+0.08ab
AM 20.740.17a 0.44x0.041a 87.0+1.2a 0.49+0.05a
Bty 16.6B 0.36A 76.9B 0.39B
L Wt CK 22.8+1.63a 0.20+0.020d 72.8+1.0b 0.45+0.04¢
AM 23.240.61a 0.29+0.017¢ 97.7+0.6a 0.48+0.05¢
W HER A CK 21.640.23a 0.34+0.005h 78.6+3.5b 0.71x0.06b
AM 22.140.45a 0.40+0.003a 96.6+7.8a 0.90+0.06a
¥l 22.4A 0.31B 86.4A 0.63A
Vi ANOVA
BT M * * # *
PRI S * * NS *
BRI T NS * * *
MxS * # NS *
MxI NS NS NS NS
SxI NS NS NS NS
MxXSXI NS NS NS NS
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F B DR AT A AL IR R A AL A AL AR, K
AR AR e — B A i T e e T, 4%
Bl AM LA H CK A2 5 2 38 5 T 3 R b AU
FIDR TG 1, Horb A TR & SR A 4 A
AM FL B FI CK Ab 38 38 5 S A S v M Bl 2 v T
10 1 LT A I A0 BE (P<0.05) , 1T -1 33 i it 44 G B
255 - RN B R I T LA 3 A HLBE R AN
BRI RS AL N TCHLASBE . T, R A LR
TRl AM LT I CK &b 3 f - S5 B 1 o 1R A T
S TR - LN AR AR B, 43 R S T 57.8%
87.5% (P<0.05) , Ifii Jo 2 B T 1 A3 - 48 56 I |] 17
SEFRTC IR 25 5 o AN BEIEOR H TR AL B i
PEMR T EOKRMRPR L3V X e Al I -5 e R
TR 2 RRAR T 8 AL A 1 (P<0.05) .
2.6 HXMEDHT

A M 25 F R (e 6) 1P + 365 T AR P #k
R R A AL IR S AR A R A
HERLAI I 22 9% 8 5 3 IEAHE (P<0.01) , TARHI 7K 4
FIFARLA -2 R A U 3 S R AR AR e
1A AR A TR 22 %% B A W 2 B0 AH OC (P<0.01) , 3R B
AM ELE (015 Y 80 B K AR AINA 22 BB i 2552 Ml 1
HER 4y 38 S OK 43 B R AR s R B A A
A R SPAD {35 138 T-GRSP(P<0.01) il EE-
GRSP(P<0.05) 1 I 2 1EAH G .

WA T Y A Pt R SPAD A i
AL AN IR 1 5 DR R Gy AR AP P 22 %
SR EIEAE(P<0.01) s HH 580+ B R R A 2 /b
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Table 6 Pearson’s correlation coefficients for various parameters of maize growth , rhizosphere soil property and

AM fungi characteristics among all treatments(n=12)
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WBER A AL
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T :#P<0.05,##P<0.01,

Note: * and ** indicate significance at P<0.05 and P<0.01,respectively.
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