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Abstract: Straw incorporation is one of the most important ways of utilizing straw resources. Owing to the differences in soil

microenvironments, there are significant differences in the effect of straw incorporation combined with agronomic measures
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on soil fertility improvement. A field experiment was conducted to determine the effects of straw incorporation combined with
inorganic-organic fertilizers on soil fertility improvement, water and nitrogen changes, enzyme activities, and microbial
community structures in winter wheat, which provided the theoretical and technical foundation to formulate methods for straw
incorporation and sustainable utilization of soil. The experimental field was located in the Yucheng Comprehensive
Experiment Station of the China Academy of Science, Shandong Province, which has a summer maize-winter wheat rotation
system. With winter wheat as the research object and maize straw returning to field as the basis, five treatments were carried
out in the field experiment: (1) chemical fertilizer (TF), (2) 70% chemical fertilizer plus organic fertilizer (TM ), (3)
70% chemical fertilizer plus microbial organic fertilizer (TE), (4) 70% chemical fertilizer plus microbial decomposition
agent (TJ), and (5) 70% chemical fertilizer plus microbial organic fertilizer and microbial decomposition agent ( TE]).
Soil water and nitrogen conditions during wheat growth were observed. After the winter wheat harvest, soil environmental
factors, soil enzyme activity, and microbial phospholipid fatty acids ( PLFA) of the topsoil in the different treatments were
measured to understand their variation characteristics. Usingadopted canonical correlation analysis, the correlation of soil
environmental factors and soil enzyme activities with soil microbial community structure was analyzed to determine soil
fertility improvement by straw incorporation combined with inorganic-organic fertilizations. The results of the field experiment
showed that more than the application of chemical fertilizers ( TF), the application of microbial organic fertilizers ( TE)
significantly increased soil moisture (13.3%—20.5% ) at later developing stages. The application of organic fertilizers
(TM) increased soil nitrate nitrogen (NO;-N) and ammonium nitrogen ( NH;-N) contents at later developing stages. TM
and TE also improved the concentration of microbial nitrogen ( MBN) and dissolved nitrogen ( DON), as well as the
activities of soil B-glucosidase (BG) and cellobiohydrolase (CBH) , whereas the activities of soil acid phosphatase ( AP)
and leucine aminopeptidase (LAP) in the treatments were not significantly different. The TE treatment showed the highest
total amount of PLFA (4733.1 ng/g) , and the microbial community diversity indexes of the TE treatment were significantly
higher than those of the TF treatment. The results of the statistical analysis revealed that the activities of soil G and CBH
were positively correlated with soil microbial community and that the concentrations of MBN and DON were most closely
related to soil microbial community. The canonical variables ordering result showed that the effect of soil physicochemical
property on soil microbial community was Moisture > NH-N > Avail-P > Temp > NO,-N > pH > EC. These findings
showed that straw incorporation combined with the application of organic fertilizer and microbial organic fertilizer reasonably
regulated soil water and nitrogen conditions, increased the population and activity of soil microbes and the activity of soil
enzymes, as well as helped improve the soil eco—environment. Among the treatments, TE ( straw incorporation combined

with the application of microbial organic fertilizer) showed the most significant effect.

Key Words: microbial community structure; enzyme activity; soil water and nitrogen changes; straw incorporation;

inorganic-organic fertilization ; winter wheat
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Fig.1 Daily precipitation and average temperature during the winter wheat growing season
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Table 1 The PLFA markers used to evaluate the microbial biomass

Tl 2Bt Microbial community R NG AR bR i PLFA markers
YN Bacteria M FNEIER Saturated Fatty Acid i15:0, al5:0,i16:0,i17:0, al7:0, cyl7:0
H22 CBHME R Gram-positive (GP) i14.0, i15:0, al5.0, i16:0, i17:0, al7:0
22 [CBAME R Gram-negative (GN) 16:1w5¢, ¢yl7:0, 17:1w8¢, 18:1w7c, 18:1w5c, cyl9:00w8c
H A Fungi 18:206,9¢, 18;1w9¢
MKHAREE Arbuscular mycorrhizae fungi ( AMF) 16:lw5c
WL Actinomycetes ( ACT) 10Mel7;1w7c, 10Mel8:0, 10Mel6:0

1.3 #dnab

FI A K AL BRAN > T I TE Excel 2016 SPSS 23.0 VA& Canoco 4.5 B4 b kAT, SRR R 7 220 M A7
J7 25081 R LSD Lk B Ab B[] P<0.05 7K T (22 5 0 250 5 SR FH 3215805343 ( PCA) K B AN [R] b B[] PLFA
FRiC A i 22 S s SR TUAYS0HT ( RDA ) e iPA T3 BAL R ES A WLBR A & & HIER IS M 5 1+ e E Wit
VRS F Z [RI0C 2R 5 2R B2 AR 5C R 85000 M 49 i -5 3B R 22 ) A R G
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2 ERES

2.1 THERERAE L

FEXS AR RE R TF Ab38 it FH 3 38 A WS R E DA AL pH #2851 0.9%—3.5% (£ 2) . #F)2 WAL
P iDL T Ab3HUR 5 (26.8 me/kg) , #HEL T TF ZbBEER & T 17.5%, Mi4b 3 T W 2K T (16.7 mg/kg, P<
0.05) HABALFRAHNT TF FFET 26.7%, AN, EC {HEL TM £AK(0.21 ds/m) , {HAFER]JE B 25 2% 5 B2 N +
IR B AL PR G B 22 5% TOC S &L TF e 0.89%

Fx2 AEALETHHEEELER

Table 2 Soil physicochemical property of different treatments

Jb B pH HL 23 EC/ L TR Avail-P/ A ALK
Treantment (1:5) (ds/m) Temp/ (C ) (mg/kg) TOC/ %
TF 8.1920.15h 0.23+0.02a 17.47£0.32a 22.83+6.46a 0.89+0.16a
™ 8.2620.2ab 0.21+0.03a 17.6320.85a 26.83+1.21a 0.85+0.23a
TE 8.32+0.05ab 0.23+0.02a 17.70£0.46a 24.10+7.96a 0.79+0.31a
TJ 8.40+0.01ab 0.22+0.02a 17.20£0.1a 16.73+1.38b 0.82+0.18a
TEJ 8.4820.1a 0.23+0.01a 17.23+0.51a 20.57+3.75a 0.68+0.18a

TR A RELARE2E (n23) |, F— B BAR)E AR RERIR 22 515 5% B3 KF; TF: HEALAL Chemical fertilizer; TM : 709% fLHE +35 38
A HUIL 70% chemical fertilizer plus organic fertilizer; TE : 70% LA +1UE Y B ML 70% chemical fertilizer plus microbial organic fertilizer; TJ: 70% fLIE
+HHEYRE R 70% chemical fertilizer plus microbial decomposition agent; TEJ: 70% 1L AR +13 4= 96 HLAC +12E W62 S 5, 70% chemical fertilizer

plus miacrobial organic fertilizer and microbial decomposition agent

2.2 hEEEKEARL % .
INFZIRAT IR W E SR A K] A ] R KR S
PR (H 2), AN HE A b B 20 |
TEJ 3 8 K B & A B AR A (9.4%—17.6%) ;=
TETFAEI TE) 5 T™M BT TF L3 &K &, DL TE & 1 r
=, T TF AP 13.3% 5 78 /N2 5E U, 88 &K AT 5
DL TE AZb3R 55 (20.5%) , H i 3% T (P<0.05) HAth4b Ye02 0322 0411 0501 0521 0610 060
B, HCAY b ) G 0 34 5 Time
2.3 HETHARSEZ E2 FRAETHELESKREL
INE R IS B S K WA TF M#BEE NOS-N 4 i Fig.2 Topsoil moisture under different treatments

B E T (P<0.05) Hfth kb3 ( 18] 3) , T TE LB 535 4
RE GHATWINEARE (25.7 mg/kg 13.6 mg/kg) , 53 UK T TF AL 47.1% 61.8% ; 75 /INAZ (T 4610 5] i 24
], BF)Z NOS-N & AbH ) JC g 35 22 55 A 52 U A B T™M #FJZ NOS-N S8 (34.1 mg/kg) , B & & T
(P<0.05) HAAL R, A LA T A PRERAK (17.9 mg/kg) o FE/NESHRCTIRIIFEL, BHZE NH,-N & & TF 2bFifx
#(5.0—6.2 mg/kg) (HBAE] TM 5 TJ 53 HA AR B, 22 (P<0.05) KT TF; 72/ HESR I, T™ #F 2
NH;-N & H 5 (7.8 mg/kg) , B3 (P<0.05) = T TJ Ab# {05 HAb A BE) JC B &5
2.4 HHEAHUIRA

AR BREHEZE MBC & K/NEF A TESTM>TESTISTE] (K 4) 3 Horb TF 2R3 & 2275 T (532.5 mg/kg, P<
0.05) HAA4b 3 ; MBN & & TEJ fAK(25.9 mg/kg) KT H AL FE 38.0%—47.7% ., #F)Z DOC & & LA TE 4b 3
Fe 5 (115.1 mg/kg) =T TF 4b 3 58.8% , 1 TEJ #FZ DOC & 8AKF TF kb3 33.7% ; HACFH[AHEHZ DON & &
T EER,
2.5 RS

B2 e K (BC \CBH) 1 M T B R AR AP E R It B v R AT 2 5 R G 38 1 R
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PR HEZE BG .CBH IGTEAE M —E (1 5) , H WA E (R=0.90,P<0.01) , HK/NEF 4 TEJ>TM >
TF>TE>TJ, TEJ 4bFE BG .CBH & 143 i T TF 43 29.4% 30.2% ; BElR G K 1 3 B 25 & AL R, i
HEHM LAP F22 5+ ARG B R R AP 15 PE AL B T) %5 (748.6 mmol g™' h™") , TF(659.7 mmol
o W) R, L TE 5 AR IR T B 25 5 BEE P LAP 3G PE TM 541 (259.5 mmol ¢! h™') & T Hiflb b
P 5.19%—23.5% , HAR b FE] To i 3 22 5
2.6 HEERHUEYIRIE SR AL

ATRIAE TR Y+ SR A: ) PLEA BRAE P (18] 6) , 45 AL FR Y LU N 3, BT o5 A Z08 05 B2 L 6] 74.8%—
82.9% ; IR W HH S . #4038 PLFA MH TE 55 (4733.1 ng/g) , & T (P<0.05) TF 5 TEJ AbFE
B R L TE B, 5 TV TT ¥ 535 @ T TE] 5 TF; 41B H GP/GN el TF 5 TEJ A #h 1.55/1.60, 345
THAD = A HE(1.19—1.29) 5 AN [F] b 3 5L TR 75 32 199 52 Wi -5 HO6E 48 T 19 5% AT, R/NHERE 2428 TESTM >
TISTEJ>TF ; 48/ FLA L] TE [ TM [T =PI (6.2—6.9) | TF 945 b B b ey, 1A% 10.8, ACT &4
FE R IT A7 EL B AME, B AZ R[] B A 52 0 S5 A0 B ECE AR AL, A, TF ZRBRAY AMF 5 & B 3R T
TEJ 43 AR 34.6 ng/g, R T & S8 TE TM 5 TI 402 81.5%—86.7% .

WL PCA 43Hr 2RI (K 7) , TM \TE | T] 3 GUE Y AR, 1 TEY TF AGRUE PR S5 A8 b K, ATt
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Fig.7 PCA of PLFAs of soil microbial communities under different treatments
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Fig.8 RDA of soil microbial communities data, organic environmental variables of soil and soil enzyme activities data
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Fig.9 RDA of soil microbial communities data and soil physicochemical environmental variables
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