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Effects of the application of soil amended substrate medium on soil properties and microbial communities

WU Hao', OUYANG Junfeng', SONG Shili', LU Xiaolin', ZHANG Zhenhua’, GUAN Yongxiang’, ZHANG Yong®, DAI Chuanchao"

(1. Jiangsu Key Laboratory for Microbes and Functional Genomics, Jiangsu Engineering and Technology Research Center for Industrialization
of Microbial Resources, College of Life Sciences, Nanjing Normal University, Nanjing 210023, China; 2. Institute of Agricultural Resources
and Environment, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China; 3. General Station of Jiangsu Agricultural Technology
Extension, Nanjing 210036, China; 4. Jurong Blue Sky Biological Technology Co., Ltd., Jurong 212402, China)

Abstract: A one—year field study was conducted to study the effects of the combined application of chemical fertilizer and soil amended
substrate medium (SM), made from fermented and decomposing straw, on wheat yield and the soil microbial community in a typically low—
yielding wheat—maize rotation area of the Yellow River died-riverway. The wheat yield and soil microbial community were subjected to five
treatments: chemical fertilizer(CK, no soil amended substrate medium), 3 000 kg+hm™ soil amended substrate medium (SM1), 6 000 kg -
hm™ soil amended substrate medium (SM2), 9 000 kg - hm™ soil amended substrate medium (SM3), and 12 000 kg - hm™ soil amended
substrate medium (SM4). In all the treatments, same amounts of chemical fertilizer were used. On treatment, the crop yield, soil properties,

nutrition, and microbial community were analyzed. The results showed that the SM input increased the wheat production with the highest
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being 8 276.40 kg - hm™, which is 1.32 times higher than the CK. Soil fertilization also increased the 16S and 18S gene copies and

microbial diversity, of which the 15.3 folds and 7.8 folds were highest as the control, respectively. Increase in SM application

proportionately increased the soil microbial biomass carbon, microbial biomass nitrogen, and various enzyme activities. The composition of

soil fungal community was reported to be different for SM and CK. The study thus finds that microbial biomass carbon and soil organic

matter are the main soil characteristics leading to the changes of the soil fungal community structure. Our research demonstrates an

amendment strategy using SM as a source of organic matter for the improvement of sandy loam that has the potential to increase crop yield

in alluvial sediments of the Yellow River.

Keywords : farmland renovation; wheat yield; poor soil; microbial community; soil property
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B IZHE BN S | SRR Y AR P
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1.1 iR i s 508 & it

TR0 XAV T VT 4 v L B ke 3 (340
08'N,119°53"E) , R B AL AT /INF - FOKFE AR -
ZCH R TR 2R KU, AT R 1401 €L AR R
KR 949.5 mm, HHERF R £ /PR E
6.55 g kg, A HGE NS5 g kg, AR AT EN

8.67 mg-kg ", A7 WU N 8.47 mg- kg AT R IR
4 65.54 mg-kg! , K H A 1.35 g-em™, pH{EH 8.50( 1
KEER1:2.5),

HH M) g s B 5 A PR . (1) AR (CK, Tt 138k
KSR ) 5 (2)3 000 kg - hm™ A8 - ekt B 3 5T (SMT) ;
(3)6 000 kg« hm™ [y - 38 g R 5L 5T (SM2) 5 (4)9 000
kg - hm™ Y 380 K35 (SM3) 5 (5) 12 000 kg - hm )
TR R (SM4) . T A AL BRI A 4 5 CK AR
). Aok RO BT A ARk B 0L 1. 5 A B AY
NUEPALEK &L 2,

BRI X I H 15 mx10 m, FERhALFE 3 N T4,
ISR R, 5 R XCR 2L . #2Y

R TEYRERKYEMUFIER
Table 1 Physical and chemical indexes of the soil amended

substrate medium

FEHR Index 7 Content

N/(g-kg™) 0.18
P/(g-kg™) 0.07
K/(g-kg™) 0.06
TR /% 40

pH 6.5~7.5

R/ (g om™) 0.4~0.8

ARRETEE (cfu-g) >2%10°

ASALBREE % 60

F2 AERMAELENEFRMAS (kg-hm™)
Table 2 Nutrient contents of the applied chemical fertilizer and

soil amended substrate medium(kg+hm™)

H 0K Nutritive element  CK~ SM1 SM2  SM3 SM4

N(TEHL) 270 270 270 270 270
N(HAL) - 32 65 97 130
P(TEHL) 150 150 150 150 150
P(HiHL) - 13 25 38 50
KAL) 75 75 75 75 75
KCHEHL) - 11 22 32 43
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K HH Step1 SZHT 56 % £ PCR R G XTI /N
Z2 1T AN/ INSZ B 1 b ) 4 B RN L B R A T
WM. MR CEBRON 25" iy 5 vk , >k A SYBR -
Green SZ i PCR 2%, P 2 13 5 DNA H' 16S rDNA Fl
18S tDNA 945 DILE . B Al B 28 F0FF 1 16S rDNA Fl
Ze o i B 18S rDNA 4 A p—easy blunt Z {4, 6 3% 32
WAL A DHSa, 168 rDNA 38 5 1 #7°4 338(/518r,
18S rDNA 18 JH 5141} FungSF/FF390R!™, i ¥ Amp+
SEARIEA T BH P e B AL AL AN . $REEBUTCRLAE R g
ST RARIE . FH 1O A58 B A 8 o AR A5 T A vfE it
2%, T SYBR-Green SZH} PCR Y44, F G /K ACE:
FEHT DNA FE A B X BE 3 3k 5 b ofie i 4k EL 4, 3
AR REA Y CLIE, 37575 DKL
1.5 T4k E R Bk (DGGE)

FHPCR-DGGE X £ A L + 39817 16S rDN A
F118S rDNA J Bedb A 7 40 A A LA A 3 o Ty 51
¥k 357F-GC/517R FINS1/GC~Fung!'™, "3 [z v #
2 3K, PCR W22 1% EB SRR HHEE L ok B0 0E . FH
ERBAIEHT DGGE MR 1 4545 .
1.6 GEit4rih

K SPSS 20.0 G 3 F A X []— Bisf AN [] Ak #L
(7] — &b AN [ BT 04 7= o | - S A - R
HEVE AT G843 B, SR FH Duncan 35 EF7 2 5 HO AR .
HF DCGE 7 , A A /43155 Shannon Z2H 1445 %4
(H) 5] 385 (E) F1 Chao—1 35 %% . 1 ] Gelcom-
par Il A% DCGE 1547 AT 3 F 2R 25 . I
Canoco 5 B UEA T HLARIA 5G40 M1 (CCA) , #8731k
AR5 4 DR LR VR A R

2 HERE5HMH

2.1 TEEBEEDENTL

AR Z 5, %158 24 X 1) SOM & i Bk
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FW, A B R AL PR AK K E# T CK. HIEEC
EAE L AL HE 5 CK A 25 5 B 3 (R 3) , 4 L i b 2
H) EC A4 8 KT CK, RRE 41 WA 2

MBC F1 MBN £ 4k 15 1 7 2 4 o, 76 B 2 30 1) s
ATRE(FR3) . TES BT AL FEZH 9 MBC Fil MBN )
1T CK, MBC & 2 B 4 33 Jo FH b i) 38 i 38 n , L
SM4 4b B 4 35 55 F CK. MBN 7E1R 75 IR0k 15 1 44 2
FE AR PR 2 CK AR T 7R AU 45 4b H1L 5 CK [
LS, WA R B K.

- gk R KT AR L AL B Y /N 7R T CK (3R
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Table 3 Soil physicochemical properties of wheat

i o HHUR BA HHA H AL W HUR MEMEE  MEDER
Suge  Treatment SOMr/I N/ ) AN/ ; AP/ } AK/ ; BD/ﬁK EC/ ! pH MBC/ﬁI MBN/ |
(gekg") (mg-ke™) (mg-kg™) (mg+kg™) (mg+kg) (grem™) (pSeem™) (mg+kg™) (mg+kg™)

Ty CK 7730.67Ab  716.6:26.1Ba  13.74:033Aa  6.64+1.04Bh  4576:460Bc  1.34:0.02Aa  370:11Ba  8.17¢020Aa  104.04250Ac  8.3+1.6Cd
Before SMI 631:0.99Bb  709.0+11.6Ba  9.77:0.65Ab  5.12:051Bb  67.69+22.97Aabc  1.27+0.13Bc  186+12Bed  7.95£0.05Aa  129.3#8.6Cc  10.4+2.9Ccd
ge”{';%imn SM2  930:024Aa  707.8:349Ba  10.09:0.40Aah  8.60:3.69Aah  74.81+4.19Aa  1.29+0.01Bh  257¢10Ab  8.02:023Aa  181.5£12.4Ch  16.3+3.3Bhe
SM3  1030:155Ba  708.9+35.1Ba  1098:0.76Aah  8.82:027Ba  66.52:2.98Bh  1.30:0.30Ab  196:9Bc  8.01:0.16Aa 237.6+24.4Aa  20.5+6.2Cab

SM4  1235¢122Aa  704.3:25.8Ba  11.74:0.22Aah  9.92¢158Ba  69.24+8.77Bab  1.29:0.10Ab  16810Cd  8.07+025Aa  255.3:433Aa  25.9+4.1Ba

BHEH CK 649150Ab  618.3+373Ca  12.02:0.60Ba  8.54x0.32Ab  55.0043.99Ab  1.38:0.12Aa  355:I3Ba  7.98:0.03Aa  159.5+50.1Ab  10.1+2.4Cc
R"g(fse;’)‘i“g SMI  8.82:033Aab  645.9+¢54.0Ca  8.10:0.55Bb  7.00:051Ab  54.32+¢8.80Bb  126:020Bc  182+8Bc  8.02:0.14Aa  143.1:9.7Bb  16.5+1.0Bh
SM2  10.11#2.13Aa  673.7¢82Ca  745:1.41Bh  9.84+1.34Ab  49.24+9.42Bh  126+0.05Ac  272¢19Ab  8.26:0.06Aa  262.2+18.9Ba  17.9+2.2Bab

SM3  13.99:183Aa  646.6:28.7Ca  1127:0.84Aab  16.18:2.56Aa  76.9429.42Ba  128:0.03Ab  152#4Cc  7.99+0.12Aa  2034£57.7Aab  21.0+24Ca

SM4  15.28+3.06Aa  6344:46.1Ca  7.00:0.85Bb  13512023Aa  104.67:22.43Aa  126:0.03Bc  370:11Aa  8.07:0.13Aa  240.2¢48.6Aa  19.0£0.2Cab

o CK 709:037Ab  1083.0£92.0Aa  14.65:0.63Aa  4.18+1.16Bh  47.07+16.65Bc  1.35:0.10Aa  431:45Aa  8.04+0.144a  125.7¢139A¢  18.5+0.7Bc
djz:ziun SMI 796:135ABb 1058.8279.5Aa  9.76£0.65Ab  6.87+2.24ABab  48.57:5.52Bc  1.30:0.33ABab  288+49Ab  8.16:0.05Aa  151.8£21.9Bc  30.7:3.1Ab
($2) SM2 7.83:152Bb  10912¢577Aa  10.10:0.15Ah  9.03£337Aab  80.18:2.87Ab  1.32:0.22ABab  263:23Ah  8.0820.15Aa 199.0£68.7BChe  36.2+2.3Aa
SM3  1136£136Ba  11203#3224a  10.98£1.12Ah  10.00+5.66ABab  129.62:10.62Aa  1.2740.06Abc ~ 296£46Ah  7.96+0.17Aa  301.3:68.0Aa  38.8+1.7Aa

SM4  1270:0.65Aa 1077.5488.0Aa  11.12:0.99Ah  1092¢236ABa  68.022.87Bhe  123:036ABc  266:21Bb  8.0420.19Aa 272.9+32.0Aah  33421.2Ab

FCAH CK 6.62+0.53Ah  6583+94.8Ca  1326+4.77ABa  5.06:1.94Bc  46.67+6.15Bh  138:0.10Aa  452¢110Aa  7.88:0.17Aa  143.1:465Ah  27.4+1.7Aab
Rif;;i)“g SMI  8.17+1.02ABb  708.5:71.3Ca  10.05:0.57Ah  743#3.51Abe  67.84+3.01Aa  1.33:0.33Aab  200:31Bb  7.89:0.19Aa  240.2¢34.1Aa  25.1%1.3Aab
SM2  882:051ABb  616.5:58.8Ca  10.33£0.86Aab  7.16£133Abc  74.35:1299Aa  128:0.24ABhe  258+18Ah  7.92+0.10Aa  3202:9.5Aa  23.0+2.2Bb

SM3  921:0.64Ba  723.1+24.1Ca  10.85:0.85ABab  7.83+3.01Bab  66.57+4.44Ba  129+0.03Ahc  168+16Bh  7.97+0.06Aa  255.3+83.3Aa  28.3+19Ba

SM4  947:033Ba  706.2:89.7Ca  1236£0.65Aab  9.84+135Ba  79.27+3.80ABa  126£021ABc  186+12Ch  7.97:0.20Aa  247.1+472Aa  26.3+3.7Bab

VI AR 37 22 70 WG 3645 Ak BRLA] AR 35 18, P<0.05 o () — B AN [) K5 5 B 3R AN ) Bl 90 ) — Ak B ) 2 5 8 35, A Tl /NS 5 Bk [ —

I AN ) Ak B o ) 22 55 .5

Note: Significance among treatments is tested using one—way ANOVA at P<0.05. Different capital letters indicate the significant differences in different

stages of the same treatment, and different lowercase letters indicate the significant differences in the same stage between treatments.
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Table 4 The yield of wheat

Ak B 34 AR TR J7HE Yield/
Treatment Spike number/ (F - m) Grain number CH7 - F#") Thousand—grain weight/g (kg-hm™)

CK 468.0+35.6b 35.8+2.6a 37.3+0.2¢ 6249.39+475.31b

SM1 543.7+96.8a 36.6+4.4a 38.7+0.3b 7 700.60+1 371.61ab

SM2 538.7+14.3ab 34.8+4.3a 38.2+0.3b 7 160.81+190.03ab

SM3 528.3+73.0ab 37.8+3.3a 38.5+0.6b 7 688.84+1 061.90ab

SM4 550.0+91.5a 38.0+3.7a 39.6+0.4a 8276.40+1 377.45a

TE U R Ty 223 Wi B 454k PR ) ) S8 354, P<0.05 . [l — B B AR P REFROR A b BEZ IR i 25 S 3 . IR
Note: Significance among treatments was tested using one—way ANOVA at P<0.05. Different letters indicate the significant differences among

treatments. The same below.

0 e I D 5 0 0 0 T 5 0 (2 5) /N AT
£ of SN SM4 b 50 149 SUB - FEROK 2 CK A 15,8 £ 7Bk
=% sof TANE s 90, A E TR B R IR SMI S, SEA by
i NE bl A BT CKo VAT 7 , 42014 o 3 2 i B 5% 11
2 N
S5 300 2N A YT SN, 45 A R o AT 2 AR 10 ) SM3 4k
S a8 N AN PR B & CK 7.8 /% (F25).

E oo |7 N A 590 DGGE H8 4 20) A KL L 2L DGGE

o LLLEZS — 1 - AL (1] 3a) T2/ MR [ b B2 1] 255 1

0dr I #iStage Ejﬁﬁ"]%#‘i F R AT R BN A AL B R B

o ® bl T WU REVE 43 X WS (181 3b) o 15 CK T SMIT 4k B A
£~ sl . SRR L. . tt SM3 I SM4 A0 HL (1) - S ELR A A L2522 5% . 2
T ZZN\N\= =
= ANE e 14 DGGE PRI B 10 4 A0 KU HL LAY T 2, (LR 4%
i e || AE AEERAE A ST A K A R
£7 Z NE NS % 4b B ZHL ZL T BE 4 Shannon 35 %0RI Chao—1 45 %
E2 . NS AE 5T CK, FL7E SM2 il SM3 14> 5 [ 4b 3t o i 5] i 3%

NE | | AE PS5 (F6) . 45 4k B0 ] 19 59 FE 45 K02 4K 1

0 — =

R P I P2t

1.0 () I ] Stage ab @ K5 TEAFMEEREE
=, c
E b ;b_ [ :—L Table 5 The abundance of bacteria and fungi in soil
S~ 08 —

o a NE PRI (B A (it
=% 061 b T @rb%rb — 3] AbFE 1074 IBSEEDNEE  HE 1074 16S FE D
T a N ¢ — Stage Treatment Jik9) ¥ DUE0)
v % a N N Fungal abundance Bacteria abundance
TS gap b N =
Tz be N\ — R 0.66:£0.02 0.52+0.34
%g 02l ¢ : 7 N\= Pre—experiment
ey - N —
§ N — B CK 0.48+0.03¢ 0.56+0.05¢
Mo A %ﬁﬂﬂ\ AT = Stem elongation  gypy 1.48+0.22b 3.3120.12h
= i MiStage SM2 1.76+0.41b 3.39+0.26h
JHERLIR 287 22 4 BT es 0 25 AL BRI 1) g 2, P<0.05 . [A]—HsF I AN ] SM4 7.58+0.57a 4.22+0.63a
FHEFOR R AL B 2 [ () 25 5 . 3 S CK 0.16+0.06¢ 1.32+0.25d
Significance among treatments was tested using one—=way ANOVA at P< Ripening SM1 0.670.27} 3.10+0.24h
0.05. Different letters in the same stage indicate significant difference ) DI lbe o
among treatments SM2 1.18+0.12h 2.43+0.26¢
| T IEREYERE ARERFN LT 4 EERRIE 1% SM3 2.62+0.7% 3.890.35a
SM4 3.33+0.64a 3.67+0.26a

Figure 1 The activities of invertase , urease and cellulase
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%o AYLUE AR EIE— 35 T Shannon Fl Chao—1

%%k, SM3 4k P () Shannon F1 Chao—1 48 %k 3k % i &
{H. SR, 76 SM4 4L ¥ | Shannon #1 Chao—1 8 %% 2.
FAKT SM3 R SM2 b B 41 B BE IR A0 45 TR Kb
HA SM2 A B34 5) BE R 0 & = T CK (3R 7) ,SM2
AL IR Shannon 115 E4E B0 K, SM3 1Y Chao—1 45
SN

arson correlation [0.0%-100.0%]
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Figure 2 Comparison of the DGGE profiles(a) and principal
component analysis(b) of bacterial 16S TRNA genes fragments

from the different treatments at the wheat ripening stage

Figure 3 Comparison of the DGGE profiles(a) and principal
component analysis(b) of fungal 18S rRNA genes fragments from

the different treatments at the wheat ripening stage
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Table 6 Alpha—diversity index of fungal communities treated with different treatments at ripening stage

a-ZHEPEFR 4L Alpha diversity index CK SM1 SM2 SM3 SM4
Shannon ZFEEH5 5L 1.94+0.16¢ 2.14+0.21bc 2.71+0.01a 2.80+0.14a 2.38+0.20b
Yo R 0.54+0.14a 0.58+0.13a 0.61+0.06a 0.66+0.08a 0.69+0.13a
Chao—1 454 13.67+4.04b 15.00+2.00b 25.00+2.65a 25.0023.61a 16.00+1.00b

RT BT EAIE A EEER o SRR

Table 7 Alpha-diversity index of bacterial communities treated with different treatments at ripening stage

a-ZFEPEFR S Alpha diversity index CK SM1 SM2 SM3 SM4
Shannon ZFEPEREEL 3.42+0.09ab 3.55+0.08ab 3.67+0.09a 3.55+0.19ab 3.38+0.21b
S i 0.57+0.05h 0.65+0.03ab 0.74+0.09a 0.61+0.09ab 0.59+0.08b
Chao—154% 55.00+9.17a 54.33+6.81a 53.50+2.18a 57.67+3.06a 50.3323.06a
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Figure 4 Canonical correlation analysis of the fungal community
compositions and soil properties from the different treatments at

the wheat ripening stage
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Figure 5 Canonical correlation analysis of the bacterial
community compositions and soil properties from the different

treatments at the wheat ripening stage

TR AT . SM it AN 2 T B AR AL, i 2
B IR A 3R AR

SOM J2 52 Wi V9 A= 7= o i - 48 ot 8 114 O it 1A
RO G X CGE I HGE ) SOM & B % B K TV
IR (22 g kg™, B G R A LA A GEFE 42
M X S ) Ho B . SR TR RTY
KM FE A S AH H , 25 SM3 R SM4 Ab B i + 3 g
SOM 25l T 2.66 g+ kg F12.92 g-kg™' . [AlFE, BEI
FGEOEARA T R AR A MU AGESE 4 a, 455 BoR T FF
AR AR FH SOM BT T 4.05 g- kg™, A HLAE AL BRI i
T 4.04 g-ke FEFFA H DA HUIEALBERE iIN T 512 g-
kg 5 ILAH B, AS RIS 09 45 B O SXFE B AR 1S i Y
SOM P&t 7 I AT LB . RS A0 5 4
15 G Al 35 T 5 75t A G, SML A% 1 P 78 25035 SOM 7 T
CEn e Eil i fE & 42 SOM ¥ 2
SeTh i JE BEAR AR A, 3 T BE A T —Se L B
e LR WA R X 5 JTAEP oY 25 R
— 30, TR RRAT LT B 0 IR G A R A HLFN G
HURE A (R I5C B VA8 I 5 |2 P 98 00, 3 — et R T
TR, I T SOM [ 73
3.2 WEEFRX L EE RN

FE 5T Y R AR A A, A HILBT AN
ARy R R DR I it i o A BT - 45 At



SRS E ORI -EHER R BCE DR R R 2749

N R X 39 AN O RZ IR N i 25 . (R LT 3R
I3 A BT SRATAE , FE 0T LA ) s i i . 14
Jit 56 o fefT - HE AL o T B o, 33 5 A I Ak B g
AP FIAK 3G —2k . Beab, e /N EZE i, SM3
5 SM4ALFRAYG 3 AP FI AK 55 T CK, RE TR
EPRGIN T HHER R & &, (HHX R ALY
SR AN BT, B SR W R AR AR TE A R
T e I s i T L AU Y. A
HLIE R} sl Ik, BB A7 25 ol 38 2209 33 i A AL &
(PR E R R X B O 4 2 e A e
AP, T R A 7 A HUIE Y 7 & 280l 45 IOk
EOE7Q i W el S N e 9 N S L B e R
N NV R L S o N A 1 [ 3 7 S o T = &
HELH
3.3 R X TR E RN

R Y S S A VUL SRR A
WEE et IR Ty N R A AR, A
[F] () A8 Ml 8 S il P i 2 0 - Ak 2 P o, X e
Jo 3 55 A S R R S R DA O, A
UL, FE AL B Y - 1 MBC R fl b 9 B
AN, SM2 Fl SM3 b R A 4 HERL A W Z M T
CK.SM1 FlSM4. {49 IX 2 2 FE P 0 35 hin vl 68 3
B 22 2R AR RN SR AT OGP, IR R A K i
T T 2 2 ZE G R 0 R A TS 1 ) 1S T

FEASMIEFE | 5 5T 00 (o P S 185 I 1 R e 0 12k
S AESR I . T CH AL R ATt A B o X
55 LIANG S5 ff 5% 45 S — 5, {2 5 BANDICK %5
P25 AR o TRE A T35 1 o I T - 98 il s R A
JI7KN o CK AR B il 15 1 e W AL I S AN 25
SR AL B A TE AN SRR
T 5 B0/ IN 2 91, /N A K T V) 2 2 3% S
TGN, X 5 GAIND SE2 sy 25 3 — 5., 274
T 3G 0 AT B G A X AT AL ST D A A O
B R R MRAS T X E D A A IR

JE 5T 55 1k B T it BB £ =5 £ 48 MBC . MBN i1 Ik il
P, 3 5 ZHENG 8P iF 58 45 5 — 350, AT & 3,
R 2 IR S A DL KBS, 4
T MBC & &, i - E U E YAy SR S5 LAY
TIRE % YA SR,

VI 2R, A YR D 25 R SR
P4 A T i 2 DA OGP0 S A TR R L TR B o
B . 8 i eT BB T R3S AT KR g
R B A L IO RSO P A PSR 5 A AR - S I 1)

UEE R RE R E IR E AR T — N EERAEY,
S RMEY A 5 5 A GRS AN R A0SR H DGGE
&t L 50 s L T TR 8 445 R A BILA A B S EL 40 TR
fgOEk , SM3 1 SM4 1 b 355 AR RE 5 A2 CCA 43 B v
XA BH A, X 5 LSRR R I 58 45 R — B0, EARIF 5T
W B H AN B HAA T BEJE T AL A Y R,
8T A PLAR SN, DCGE BAIL /% 43 BF
Al e A — LR F B A Wi 84k, R x5
o it P 2o R AR T B A 0 ) T BB D S 1 AR R A
T B I UE— 2 A A R R

S o X i R - B A B A A A Ak L
AEEMEN . AR K, MBC.SOM . TN AN,
AP BD X - 438 FURR RV 4K A 2 i R LA - S
B SERT IR R A MLRIE S AR L S L
TR R V% 4R 1) 28 Ak 25 DDA 0, MBC J2 fff B - 38 1
PRV 20 25 KT e — TR, 7 RSB AR
W7 220 12.6%. 1A RT3 (W AN F1AP) 5
T VR S50 22 () A7 AR AR SR (A S Pk o X Fe ] 4 1
i P 7 2 R i) - 2B T ) R 2 [ 7, 5%
AR L REVR S5 A © A B ST e, KR
FIRIAEIE A B ALK FEFFREARRELT -
5 BD , X A /2 BD 5200 B I VR LA SR AL

4 ZEig

(DARWFFEAE T — P4 B 5 R e i+ 2
Jo A+ )it P

(2) 5GBS HLIEA L, A DT 58 LUK FE
AT Ay JEORE, 368 2ok T 791 A e R A A A 7 A A AL R
S T s B R 18 5 LA KU HE AR T A 7= A, ml LA
e [E A5 e

(3) HH TSR 25 R R W2 L R 2 o S5 AU B Y
WAt S st T IR M M B T R
TR EM Z R 3108 T 508 LA™ J1 .

(4) AW FE 0 ) B S AR B P D B SR, R X T
At A AE Ay Ak 3L, $abh 23 RSN IR 4, TR
TS JINHT SR (R A SR 70 e X - S 45 Ay 1y A 4 2
TN P A RS T — T . A A SO
90 T R JEL T A i 4 A ) T 4 B A T N 2 R
JE T, X T HAA R R A5 1084, TR — LB
FERUEYIR AL T i A ETEAE  Rokis i i
Py 4 A 15 IR BRI T O B A W A A LIS in i
e P AR AL A PR A B T IT A8 B R 2™
PRl e 1 — 25 R 5 - S A R A o el A A A

WWW.QEs.0r9.CN




m@g 2750

VRETR Rt Y F41EF 128

FHSAL
Sk

[1] BROCK C, FLIESSBACH A, OBERHOLZER, H R, et al. Relation be-
tween soil organic matter and yield levels of nonlegume crops in organ-
ic and conventional farming systems[J]. Journal of Plant Nuirition and
Soil Science, 2011, 174(4) :568-575.

[2] SHI W J, TAO F L, LIU J Y. Changes in quantity and quality of crop-
land and the implications for grain production in the Huang—Huai—Hai
Plain of China[J]. Food Security, 2013, 5(1) :69-82.

[3] BEL'S, ZHANG Y, LI T, et al. Response of the soil microbial communi-
ty to different fertilizer inputs in a wheat—maize rotation on a calcare-
ous soil[J]. Agriculture, Ecosystems & Environment, 2018, 260:58-69.

[4] GARCIA-ORENES F, ROLDAN A, MORUGAN-CORONADO A, et
al. Organic fertilization in traditional mediterranean grapevine orchards
mediates changes in soil microbial community structure and enhances
soil fertility[J]. Land Degradation & Development, 2016, 27(6) : 1622~
1628.

[S]LI P, LI Y, ZHENG X, et al. Rice straw decomposition affects diversity

and dynamics of soil fungal community, but not bacterialJ]. Journal of

Soils and Sediments, 2017, 18(1) :248-258.

[6] WEI' W L, YAN Y, GAO J, et al. Effects of combined application of or-
ganic amendments and fertilizers on crop yield and soil organic matter:
An integrated analysis of long—term experiments[J]. Agriculture Ecosys-
tems & Environment, 2016, 225:86-92.

[7] CREME A, RUMPEL C, GASTAL F, et al. Effects of grasses and a le-
gume grown in monoculture or mixture on soil organic matter and phos-
phorus forms[J]. Plant and Soil, 2015, 402(1) : 117-128.

[8] AR, S 5%, BMaFh, 45 . FEFFid B b ek R B AL 5T A A 45 T 771
it % - 2R 2 S [T, 2R A A, 2021, 41(11) 1 4562-4576.
SONG S L, WU H, HUANG P W, et al. Effects of total straw incorpora-
tion combined with soil modified fertilizer substrate and compound mi-
crobial agent on soil ecology and wheat yield[J]. Acta Ecologica Sinica,
2021,41(11):4562-4576.

(9] FBALAN, LM, SRAADT, 55 . 2SR /K AR T 4 e 1 R AR AU
FEIN. AN FREE R4, 2018, 37(1) : 157-164.  ZHENG M J, JIN
H M, ZHANG S H, et al. The leaching characteristics of heavy metals
from hydrochars of digested swine manure(J]. Journal of Agro—Environ-
ment Science, 2018, 37(1):157-164.

[10] PEREYRA S A, DILL-MACKY R. Colonization of the residues of di-

verse plant species by Gibberella zeae and their contribution to Fusari-
um head blight inoculum[J]. Plant Disease, 2008, 92(5) : 800-807.

[11] TOTTMAN D R, BROAD H. The decimal code for the growth stages
of cereals, with illustrations[J]. Annals of Applied Botany, 1987, 110
(2):441-454.

[12] B34 B sl fb A3 B M), = 0. LT s o Al i Bt 2000.
BAO S D. Physical and chemical analysis methods of soils[M]. 3rd
Edition. Beijing: China Agriculture Press, 2000.

[13] KLUTE A, PAGE A L. Methods of soil analysis Part 1. Physical and
mineralogical methods[M]. 2nd Edition. Madison: American Society of

Agronomy and Soil Science Society of America, 1986:413-423.

1% WHART]

[14] VANCE E D, BROOKES P C, JENKINSON D S. An extraction meth-
od for measuring soil microbial biomass C[J]. Soil Biology and Bio-
chemistry, 1987, 19(6) : 703-707.

[15] COUTO N, GUEDES P, ZHOU D M, et al. Integrated perspectives of
a greenhouse study to upgrade an antimony and arsenic mine soil : Po-
tential of enhanced phytotechnologies|J]. Chemical Engineering Jour-
nal, 2015, 262:563-570.

[16] ZHANG X, LIU Z, HU W. Response of nutrient release of Periploca
sepium litter to soil petroleum contamination[J]. CLEAN=Soil, Air, Wa-
ter, 2016, 44(12) : 1709-1716.

[17] CEBRON A, LOUVEL B, FAURE P, et al. Root exudates modify bac-
terial diversity of phenanthrene degraders in PAH—polluted soil but
not phenanthrene degradation rates|J]. Environmental Microbiology,
2011, 13(3) :722-736.

[18] WANG H W, TANG M ], SU C L, et al. The alleopathic compound lu-
teolin from peanut litter affects peanut nodule formation and the rhizo-
sphere microbial community[J]. Agronomy Journal, 2018, 110 (6) :
2587-2595.

[I9]MA H'Y, YANG B, WANG H W, et al. Application of Serratia marce-
scens RZ-21 significantly enhances peanut yield and remediates con-
tinuously cropped peanut soil[J]. Journal of the Science of Food and
Agriculture, 2016, 96( 1) : 245-253.

[20] LI Z, SCHNEIDER R L, MORREALE 8 |, et al. Using woody organic
matter amendments to increase water availability and jump-start soil
restoration of desertified grassland soils of Ningxia, China[J]. Land
Degradation & Development, 2019, 30(11):1313-1324.

[21] MALTAS A, KEBLI H, OBERHOLZER H R, et al. The effects of or-
ganic and mineral fertilizers on carbon sequestration, soil properties,
and crop yields from a long—term field experiment under a Swiss con-
ventional farming system[J]. Land Degradation & Development, 2018,
29(4):926-938.

[22] CHEN X, CUI Z, FAN M, et al. Producing more grain with lower envi-
ronmental costs[J]. Nature, 2014, 514(7523) : 486—489.

[23]1LEI H J, LI B G, BAT Y L, et al. Modeling soil organic matter dynam-
ics under intensive cropping systems on the Huang—Huai-Hai Plain
of China[J]. Pedosphere, 2006, 16(4) :409-419.

[24] J1 L, WU Z, YOU Z, et al. Effects of organic substitution for synthetic
N fertilizer on soil bacterial diversity and community composition: A
10~year field trial in a tea plantation[J]. Agriculture, Ecosystems & En-
vironment, 2018, 268 :124-132.

[25] DIACONO M, MONTEMURRO F. Effectiveness of organic wastes as
fertilizers and amendments in salt—affected soils[J]. Agriculture, 2015,
5(2):221-230.

[26] GUO J, LIU W, ZHU C, et al. Bacterial rather than fungal community
composition is associated with microbial activities and nutrient-use
efficiencies in a paddy soil with short—term organic amendments|J].
Plant and Soil, 2018, 424(1) :335-349.

[27] WUTZLER T, ZAEHLE S, SCHRUMPF M, et al. Adaptation of micro-
bial resource allocation affects modelled long term soil organic matter
and nutrient cycling[J]. Soil Biology & Biochemistry, 2017, 115322~
336.



SRS M BT -E SRR Sk B BT 2751

[28] WU H, LAI C, ZENG G, et al. The interactions of composting and bio-
char and their implications for soil amendment and pollution remedia-
tion: A review[J]. Critical Reviews in Biotechnology, 2017, 37 (6) :
754-764.

[29] SINGH K. Microbial and enzyme activities of saline and sodic soils[J].
Land Degradation & Development, 2016, 27(3) :706-718.

[30] LIANG Q, CHEN H, GONG Y, et al. Effects of 15 years of manure
and mineral fertilizers on enzyme activities in particle-size fractions
in a North China Plain soil[J]. European Journal of Soil Biology,
2014, 60:112-119.

[31] BANDICK A K, DICK R P. Field management effects on soil enzyme
activities[J]. Soil Biology and Biochemistry, 1999, 31 (11) : 1471-
1479.

[32] FAROOQ M, HUSSAIN M, WAKEEL A, et al. Salt stress in maize :
Effects, resistance mechanisms, and management. A review|[]J]. Agron-
omy for Sustainable Development, 2015, 35(2) :461-481.

[33] GAIND S, PANDEY A K. Biodegradation study of crop residues as af-
fected by exogenous inorganic nitrogen and fungal inoculants[J]. Jour-
nal of Basic Microbiology, 2005, 45(4) :301-311.

[34] GAIND S, NAIN L. Chemical and biological properties of wheat soil
in response to paddy straw incorporation and its biodegradation by
fungal inoculants|J|. Biodegradation, 2007, 18 :495-503.

[35]ZHENG S, CAO H, HUANG Q, et al. Long—term fertilization of P cou-
pled with N greatly improved microbial activities in a paddy soil eco-
system derived from infertile land[J]. European Journal of Soil Biolo-
gy, 2016, 72:14-20.

[36] MANGALASSERY S, MOONEY S J, SPARKES D L, et al. Impacts of
zero tillage on soil enzyme activities, microbial characteristics and or-

ganic matter functional chemistry in temperate soils[J]. European

Journal of Soil Biology, 2015, 68:9-17.

[37] ZHAO R M, HUI R, LIU L C, et al. Effects of snowfall depth on soil
physical-chemical properties and soil microbial biomass in moss—
dominated crusts in the Gurbantunggut Desert, northern ChinalJ]. Cat-
ena, 2018, 169:175-182.

[38] CHEN Y, WANG H W, LI L, et al. The potential application of the en-
dophyte Phomopsts liqguidambari to the ecological remediation of long—
term cropping soil[J]. Applied Soil Ecology, 2013, 67:20-26.

[39] YANG B, WANG X, MA H, et al. Fungal endophyte Phomopsis liquid-
ambari affects nitrogen transformation processes and related microor-
ganisms in the rice rhizosphere|]]. Frontiers in Microbiology, 2015, 6:
982.

[40] ZHAO Z H, ZHANG C Z, ZHANG ] B, et al. Fertilizer impacts on soil
aggregation and aggregate—associated organic components|J]. Plant
Soil and Environment, 2018, 64(7) :338-343.

[41] PEREG L, MORUGAN-CORONADO A, MCMILLAN M, et al. Resto-
ration of nitrogen cycling community in grapevine soil by a decade of
organic fertilization[J]. Soil and Tillage Research, 2018, 179:11-19.

[42] ALLISON V J, MILLER R M, JASTROW J D, et al. Changes in soil
microbial community structure in a tallgrass prairie chronosequence
[J] Soil Science Society of America Journal, 2005, 69(5) : 1412-1421.

[43] LI'Y, LI'Y, CHANG S X, et al. Linking soil fungal community struc-
ture and function to soil organic carbon chemical composition in inten-
sively managed subtropical bamboo forests[J]. Soil Biology & Bio-
chemistry, 2017, 107:19-31.

[44] SONG G, CHEN R, XIANG W, et al. Contrasting effects of long—term
fertilization on the community of saprotrophic fungi and arbuscular
mycorrhizal fungi in a sandy loam soil[J]. Plant Soil and Environment,

2015, 61(3) :127-136.
(BTG - )

WWW.Qes.019.CN




