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Abstract: Objective Conservation tillage has attracted increasing attention over recent decades due to its benefits in improving
soil quality. A 12-year fixed field experiment was conducted to assess the effects of long-term straw mulching on yields of rice
and wheat, soil nitrogen fractions and microbial community with soil layers under a no-till system in Southwestern China.

Method Two treatments, no-till without straw mulch (NT) and no-till with straw mulch (NTS), were used for the experiment.
The soil was sampled at 0-5, 5-10, 10-20, and 20-30 cm soil layers. Soil total nitrogen (TN) and labile nitrogen fractions,
including particulate organic nitrogen (PON), microbial biomass nitrogen (MBN), NHI—N, NO;-N, and dissolved organic
nitrogen (DON) were analyzed. Soil microbial community was determined using phospholipid fatty acid (PLFA) analyses. Crop
yields were measured from September in 2013 to May in 2018. Result The results showed that compared to the NT treatment,
the NTS treatment significantly increased wheat yield by 6.49%, with negligible effects on rice yield. The NTS treatment
increased the contents of soil TN at 0—5 cm soil layer, NHZ—N and NO;-N at 0-5 cm layer, PON at 0-5 and 5-10 cm layers, and
DON at 0-5 and 10-20 cm layers but not MBN content. Also, the NTS increased the DON/TN ratio at 0-5 and 10-20 cm layers
rather than the ratios of other labile nitrogen fractions to TN. Soil total microbial PLFA and bacterial PLFA were higher in the
NTS than in the NT treatment. Additionally, fungal and actinobacterial PLFA were comparable between the two treatments,
leading to a lower fungal/bacterial ratio in the NTS. Principal component analysis revealed that the soil microbial community at
20-30 cm layer was separated from the other three soil layers, and soil microbial communities of NTS treatments were generally
separated from NT treatments along the first principal component axis. Furthermore, redundancy analysis demonstrated that soil
MBN, TN, and ratio of particulate organic carbon to PON were key factors in shaping soil microbial community. Soil TN, labile
nitrogen fractions, and microbial PLFA fractions decreased with increased soil layers, irrespective of straw mulching status.

Conclusion Straw mulching should be recommended to no-till systems in Sichuan province, Southwestern China because it
leads to effective improvements in soil nitrogen contents, wheat yields, and soil total microbial PLFA.

Key words: Conservation tillage; Straw mulching; Yields; Nitrogen fractions; Phospholipid fatty acid (PLFA); Soil layer
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AR, R A LA (PON), AlEHA L
A (DON). MAEMAY A (MBN), HER
(NO;-N) FIEASA (NH,-N) 5 20 f#5 476 A
JITMR N, o FEMOMCEE R BURS FF A FH S8 N T 448 TN
NO;-N Fil NH,-N #ri; gk B2z R, #5FF
W T HIERZ T EEAE A TE, &
M, ERFREZERTHEXRZE, B Z A
Ak, 7SR B R RS AT S5 R A )2 2 m O
PR s A il , izl B T S X EY
P HEEE I XEAMRCENESZ — L
G A 0 R IR Bl A T RS A R A R - B R0 A A0t
PR EE S, Li S8 E 0 kB, HET
G T RS AP PR AL B, R FF 8 55 R AL T )2
(0~10 cm) +IEEFEBEARAR IR & &, X RRME
WA R R s T R 2 R RS B S AR, L 2R
B o AT S S AN 7 3R D VG i DX R 2L DX 3k, 1 48 7
A W) 5% ANI] - HER R W) AR IS A A K, HA
8 B R T R S AT TR TV R S R XA A
BT R MR AR R A B TR A R
F FF 2 35 an ) % = 3ERE ) ey = e R s . [N
I, AR5 35 K00 2 (SR I AR 5 1 SR A 78 3
DU AR e B S ), i AR R+ 2 R R AL
53 B IR R AR 8 R FERZ R AL, LA3YT A G g 4
XA PR B A B T SRR A AR

1 BPRHS

1.1 IR

A GE LRI AL T 0 A T BT P e
(31°08"38"N, 104°29'45'E ), 4F-FHEE 16.3°C,
S K 890.8 mm, H FERIEL 1229 h, FE4/E

I 2R KRG —/INZ2 TS o a0 3R A £ v AR
Y% B MR K R £, 2005 ARG T 46 AR 4 4
PEALPER N . pH 5.54, AHL 31.3 gkg ', &4 2.02
gkg™', AW 1.04 gkg', & 7.69 gkg ', TRA
189.8 mg'kg ', AHUME 12.61 mgkg ', HRLH 258.2
mg-kg o ZIXIR TN, 2015 AR E KA
KL HPRLREDRL & 5090 52.0 gkg ' 405.4 gkg !
M 542.6 gkg™'o ARENMREAIERHFELE . HAHE
i SR A 5 B R TR R BB AR A\ 4k
o, BAEAE =ANEL, AXEEN 12 m?
(3mx4m), #/NXZIEH 60 cm RAKJe3HEFEIT -
RIS/ NX SERENLHES , BT 3 bt .
1.2 RIEiEit

ARG AN A G EREFFRE R (NT)
B BLRE AT 55 (NTS o FAE A KRS S o8 1
9838, /N PR I ZZ 42, AR &t i FH L A5)
W2, BRED IR A RN 150 kg-hm (2L
Nit, TR, FEWBGREFRF RSN HEE S T
M, NI RKARREFT B RS 40129 H 4.5 gkg !
7.8 gkg ', MRIE/NEFUKFEFEFFR A, NERS
FFATA A HHEAY RN 27.00 kg-hm 2, ZKAEFE AT ]
WAL AL KR 66.30 kg-hm >,
1.3 TEHRRE

T 2018 4 5 H/NZ ARG L RIREE 0~5. 5~
10, 10~20 F1 20~30 cm A[RZXIERES . B4
INDRRAE FAN A5, B 2R R A S A5 2% o i 4 AH )2
W R, R ATCIHAS, W L ARZE 5y n S0 2
B AR R A S 2 mm 0, VOS2 e i
IRy, — O E T —20°C KA AN E S50 Wy i
W, —ET 4CUKAIAZAIE NOS-N, NH,-N,
DON F MBN, — /3 X1 LAl & +3% TN F1 PON,

x1 HHRTRBFAEHNSTEMMNBERENE

Table 1 Fertilizer input for wheat and rice with or without straw mulch under a no-till system/ (kg- hm?)

L= Qb PR JEEAE Base fertilizer YBERR Tiller fertilizer FiFF
Crop Treatment N P,0;s K,O N P,0s K,0 Straw
/NZ Wheat NT 60 75 45 90 0 45 0
NTS 60 75 45 90 0 45 8500
7K Rice NT 45 60 45 105 60 45 0
NTS 45 60 45 105 60 45 6 000

e NT Ak EFRSFFRER ; NTS Ak BF5FF#E 5. T IRl Note: NT, no-till with straw removal; NTS, no-till and straw mulching.

The same below.
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14 TERAS R TIEMEWETZABRNNE

TR AL IAE . 3 TN SRR LR,
NH, N % FHHE B 5 He 03, NOS-N R I 24036kt
JEP:, MBN SRS R, WE ks (5
Fr Ak 224301 52 W81 DON % H Jones il Willett!!!
(97 5 B A 2 T B 20 g BB & RN A 100
mL ZEWIK, BFEK (200 rmin') E% 1 h, &
Ja FIE.LALLL 4 000 rmin' B0 10 min, ¥ FIEK
WA 0.45 pm PEME, HLEAPLER T ( Multi N/C
3100, HP &, fEE ) W&, PON R A
Cambardella 1 Eillott™ 4 75 4k « [ A 10 g2
T LR BB INA 30 mL #RE R 5 gL'
AR ((NaPO;) ) W, HUE THIK (150
rmin' ) [EH 16 h 5, HEMERET 53 um i
b, HZEBK R vh e R IR W, R Y
BB, TSSCIHTRERE, HE 2R
J7 0 5 I

R DT AL . SR B RAE DT N
WiNENg iR ( phospholipid fatty acid, PLFA ). &
%6 1F J5 i Bligh—Dyer 12 i+ 332 #) PLFA,
ZHEFHEPBE, BARTRY15 11Mel8:
lo7c, 14:0, 114: 0, i15: 0, al5: 0. i15: 0 30H, il5
1G. 16:0, al6:0, i16: 0, 16: lo5¢c. 16: 1m9c. 16:
loll. 16:020H. al7:0. i17:0. 17: 0. 17: 108,
cyl7:0, 18:0, i18:0, al9: 0. i19: 0. cyl9: 0w8c.
20: 0 SFACFRANTE ; AR ICHENE IR A 18: 1o9c I
20: lo9c; AWM GRS 10Mel7: 0 F1
10Me18: 0.,
1.5 E¥=ENE

2013 4F % 2018 4F A KR A/ N ZZ N Tl
ﬁ%%ﬁﬁﬁ [i] B B — 5 A i T 80 C k& 1

, PR HEKE IR, IFE R 13% S K&
Fgﬁo
1.6 ity

AT 7 ER R AT T 22 43 T

2 mm

AT PR,

o1 A SRR I W AT IR S b, w5 SR
Ji 0 BCH BE AT RO e e o as XU 3R 5 22 00 M

( Two-way ANOVA ) 73 5l 355 #1855 5 i e 4F 1
XA/ 2 DL KRR R S IR RO R A
Gy RO A W =F B A R 0 5 SR R R A8 LA I
W43 % o — R A o — B E M E E i TR R

72530 WA PRI 38 BN AN 2, WX 4% 3=
RN R R AT 2 E A (] SPSS 19.0 S AF#EAT
BAEG 34T, RAXBHE (Duncan) T2 E L
5 ff F Origin 2021 3k 42 | EJE 5 £ F Canoco 5.0
AT FER A T IO 0T . SO R 77 0k
B AR

2 45 R

21 BHEBSEMNAEBLEEZEMNEN

MR E 2250 Hras R (B 1) R FEFFE =
5+ 238 HRUN R TN & 8520 83 (P<0.05 ).
I R Ky 2203 M R B TN 5 H B 2 34 i
TR, HAPAE 0~5 em S ERE, N 2.78~3.70
gkg s XTHCREFIRRRAb B, FEFFE 5 0354 T 1
HE0~5cm TN & (P<0.05), HilE A 23.24% ( pA
2.84 HAHNZE 3.50 g-kg '), PIALBEZEAL )R ERA
[TE N

4- I:]NT I NTS

75 22557 ANOVA

tﬂ Straw 0.000
= ()\ La 0.012
o 31 **ﬂ'x U\ StrawxLayer 0.050
&
=
&
g 2r
£
=
]
e L
H

0
5~10 10~20 20~30

+IEZIK Soil layer/cm

e ARVNG FREROR R AL BEAS ] 1 )2 2 6] 2 S 2,
FaRMELERNFE L ZE 225 8% . FHE. Note: Different
lowercase letters indicate significant differences between the four
soil layers at the P < 0.05 level. * indicates differences between the
NT and NTS treatments at the same soil layer at the P < 0.05 level.
The same below.

K1 S AR L2 2R A
Fig. 1 Soil total nitrogen contents at four soil layers under two
straw managements

22 EHBEXNARLIEEEHERASHZ M

Rl 2 & BIRSFE 7 55 A0 )2 19 38 BRI 6 R [R]E
PER A S A i 25 5 . RIS PR AL 4y & i
(Kl 2a~ 2e), fFFE S )22 HAU X PON,
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20- 80 25¢ TT77 T ANOVA
a b CINT JrJ:5hHi ANOVA c CINT 4’.{;%'}75 - -
: K z:::z: ~ |7 = Bemn w20 ' BN oo
P T
], <
% %10
S
& 0. S
0.0 0 0
0~5 §~10 10~20 20~30 0~5 5~10  10~20 20~30 0~5 5~10  10~20 20~30
FHEZ K Soil layer/cm R Soil layer/cm FHEZIK Soil layer/cm
20 TR 3 Ny ZZABANOVA 60 5 T 7T ANOVA
V73l ANOVA S =2 -
B L = e R P W L L) e BENTs e o
‘T&D 15+ *- NTS }—‘;};\:‘;};: Straw x La\er(:)(:)(:)(é)t ,T;) I ﬂ *JZK Straw * Layer 0.003 < 45 FFFJZ2IK Straw x Layer 0.095
& g Z21t Z
g 10l 20 £ 30
Eo ab g S
Z b b ab p b § 14 | 5
+4 [a®)
T 5l O 15
Z 5 a 74
0 0 0
0~5 5~10  10~20 20~30 0~5 5~10  10~20 20~30 0~5 _5:10 10~20 20~30
FHEZ K Soil layer/cm FHEZIK Soil layer/cm FHEZIK Soil layer/cm
6.0 0 2.0 __ 20
J1 2253 Bt ANOVA h ) Jr 2253 Bt ANOVA . Ji 2253t ANOVA
8 CINT i smw 07 CINT  FfF Straw 0864 1) CINT %7 suan 04
45h EEINTS /K Layer 0.005 15 ERINTS 2 Layer 0.000 o 15 EENTS )"U\La\er 0.000
N FFF<J22K Straw * Layer 0.826 x T FERFxJZUK Straw x Layer 0.044 é DT REATJZ K Straw x Layer 0.836
: : :
S 3.0} S 1ot . S10lb
Z : b . g
= S b I =
E1.5- Z 05} b b b.b Z 05|
0.0 o B 2 0.0 0.0
0~5 5~10  10~20 20~30 0~5 5~10  10~20 20~30 0~5 5~10 10~20 20~30
+3EZ K Soil layer/cm 32K Soil layer/cm + 32K Soil layer/cm
20, JiZ 57Kt ANOVA
i) C_INT  ##F Straw 0.001
EEINTS 2% Layer 0.000
1.5+ **?XJ:‘U\ SLraw>< Layer 0.010
X
é 1.0+
Z
2
) Jj |—l—. r'
0.0

#: PON, FRiAHLE; MBN, MAEMEWER; NO-N, EE;

5~10 10~20  20~30
+ 2K Soil layer/cm

NH,-N, %S4

DON, H[#%MAHLAE; TN, 2%

Ty HE AR /INE 8RR 3 T 42 2 RN AR R 2 M 22 5% % . NI, Note: PON, partlculate organic nitrogen; MBN, microbial
biomass nitrogen; NO,—-N,, nitrate-nitrogen; NH,~N, ammonium-nitrogen; DON, dissolved organic nitrogen; TN, total nitrogen. Different

lowercase letters in boxes indicate significant differences between the four soil layers at the P < 0.05 level based on the main effects of soil
layer. The same below.

F2 FAES FARTIEPRANA . MAEYER. MEAR ., SSEMEEENASE (a, b, c. d. e) RHAES
AP (f, go hy il j)

Fig. 2 Soil active nitrogen contents and their proportions in soil total nitrogen at four soil layers under two straw managements ( a. PON
contents; b. MBN contents; c¢. NO;—N contents; d. NH}N contents; e. DON contents; f. PON/TN values; g. MBN/TN; h. NO,—N/TN values;
i. NH;-N/TN values; j. DON/TN )

A ELEY

NH,-N,NO;-N #l DON & & # 0 # 2 3 ( P<0.001 ),
%} MBN &5 2 . Hik#h, PON, MBN,
NH,-N. NO;-N Hl DON 5 ik bifi -+ /2 54 i i i 3 e

i AHBL TREFFREBR , RS FFAE o5 W2 R T 14 0~
5 F1 5~10 cm PON, 0~5 cm NH,-N 1 NO;-N, 0~
5 M1 10~20 cm DON &t (P<0.05), *JPUJz 44
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MBN & &30 B350, PON & &#1E 0~5 Fl 5~
10 cm + 2 (IR 435K 44.74%H1 31.02%, NH,-N
1 NO;-N 7E 0~5 cm £ JZ W 3EIE S8 31.02%F0
38.53%, DON 7E 0~5 11 10~20 cm + 2 i 54>
TR 62.82%7F1 48.89%

TR SR LE T (E 26~ 2j),
it S L2 EAN XS PON/TN, MBN/TN
1 NH,-N/TN H (B4 JC B 5500, 4 NO;-N/TN il
DON/TN B 520 2% . AR, 76PU)2 i,
PON/TN FL (B bt + )2 34 i & & B A1k ; MBN/TN [k
{HAE 5~10 F1 10~20 cm +/ZH K, 7E 0~5 cm fix
/IN; NH,-N/TN Fl NO;-N/TN A Bifi 4 J2 38 i i 384

Jin; DON/TN FUAETE 0~5 cm + 2 &/, MK THE
HBE, BAESEERST 0~5 Fl 10~20 cm
MBN/TN HAE, XF A R 455 5 2 A G
ER
23 TERRESASZERHEEMYE

X PG4 B DY J22 - 8 A S EA TR e AT,
AR 2 PR . AR HEEEAA S S HEE TN &
R IR E B IEA DGO R (P<0.01), Uil 380
PERA R A 3 TN & &, H PON
5 TN MR R 8w &, HIUCh NOS-N Al DON, fi+
HE NH,-N 5 MBN 2 [a) G EHEPEAh, I
Ry 2Z (B34 R IR 535 1 IEAH DG OE 2 (P<0.01 ),

®2 TETARRASRIBERXRME

Table 2 Correlations between different soil nitrogen fractions

TN PON NO;-N NH,-N MBN DON
TN 1 0.972%* 0.932%* 0.720%* 0.841%* 0.889%*
PON 1 0.953%* 0.786** 0.754%* 0.840%*
NO;-N 0.774%* 0.704%* 0.835%*
NH,-N 1 0.367 0.626%*
MBN 1 0.853**
DON 1

e xRNSR R AL 0.05, 0.01 /KF-. F TRl Note: * and ** indicates correlation at significance at P < 0.05 and P < 0.01,

respectively. The same below.

24 BHEBENARBRXRTERMEY PLFA 2

B £ R B 8 0

RN LA B e ol = S VRS PSR N
AW T . FRZE R PLEA LU EL TR /4T L
UMY B2 MR TRABEE, RS D&
BT RATCE M I E PLEA B (BES 5 N
22.79%H1 33.55% ), X E A ML A PLFA F-FETC
o, FRAC T EE/ANRE L (RRIR R 21.43% ); 4541
4y PLFA S ECTR /20 B Eb b 4 582 R 38 hnmi FAK . Al
FA R SR BRAA AL AT, X R Ak #4382 Uk Y
ANFEI RS | B /A0 S AL Bk R
o (EIEmAL N BIE AR T Zhou %, ffhaf
Bk (TOC). FRiAHLEK (POC). MAYAYE
ix (MBC) FIR[#EMAHLEK (DOC)) #4751
TENZE LS, B2 EPE 0~5em 1)Z,
Hp=2RDEBEMEE. 7£0~5 em 1)Z, &
TRBEY 40 &85 TN, PON, NO,-N #ll DON

WBEIEM S, 5 MBC/MBN S A G; E K
LT S LR AR AR T W AR OO L/
# 5 TN, PON, NO,-N, NH,-N, DON Fll TOC/TN
WERAHE (£3).

XF 24 ASFE ) SR WU AL T 32y
it (Kl 4a), RIS 1 MERS 2 530k T
SRS 84.66%F1 12.66%. Wb HUR[A] 1 2 i1
A REYE EEWYE R 1 B, 20~30 cm
JZ2 ) - R R VE AL 3 X T 0~20 em £
25 FERFRS bR AL FF 7 25 A0 BR A e A TR O
B F R 1A R J7 . K 24 ASEEARY PLFA
o5 ERA S . A RA EHET IR T
(FE 4b), FFHFHET LS RE ( forward selection )
R B 2 ) S A MR I 2 A R T
A MBN ( F=56.6, P=0.001), POC/PON (F=5.2,
P=0.007) TN (F=3.6, P=0.034), HA4 1A
21 53 TR 8L LB X G A AV AL R e AN i 2
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2.5 BREBEZI/NEMKBETENRIE
F 4 MHFRTT 20 W R R W] PR ARG/

A MUKRE BB B E LW SRR,

i AERE W B /N PR e (P<0.05), B 7l AR
N 6.49% , T K5 AT 5 X K RS B oA B
( P>0.05),

50 - 30r 3.0,
=V
o LINT  J79275h; ANOVA b) g N ¢ [Nt JiZAli ANOVA
= FEFF Straw 0.000 NTS 57T Straw 0.000 ERNTS  5FF Straw 0.617
dor 2K Layer 0.000 24r J2iK Layer 0.000 o 24 B2 Layer 0.000
FiFFxJ=K StrawxLayer 0.300 % G <A StrawxLaver 0.131 2 *.‘:"ﬂx}f-:?,?ﬁ StrawxLayer 0.970
= @ o
Z 30 o < 28
o0 < 5 5 E
< = = £ 2=
B E 20 = % ® 212
=1 2 =g
e SR =
210 = 5 0.6
E 3 =
S & ' 0.0
0~5 5~10 10~20 20~30 0~5 5~10 10~20 20~30 0~5 5~10 10~20 zo~3o
42K Soil layer/em TR Soil layer/em HIZEUK Soil layer/cm
20,
d) C_INT 77 Bt ANOVA 0201, ) i TANOVA
B NTS e o C_INT e
Tji{ Straw 0.671 = NTS ﬁﬂ Straw 0.000
Layer 0.000 =37 0.000
LSr FERPIK StrawxLayer 0.941 o 0.15f oy StrawxLayer 0.164

R PLFA
Actinobacterial PLFA/(nmol-g™' soil)
LA/ E
Ratio of fungal to bacterial PLFA
e
>

o
=3
b
T

1,

0.5
0.0
5~10 10~20 20~30
+ 32K Soil layer/cm
RSP S PARFE L2 BAREAY (a), HE (b)), EE () FBZKE (d) WBEIENEITEZ ( PLFA)

FEREFEMREL ()
Fig. 3 The abundances of soil total PLFA (a ), bacterial PLFA (b), fungal PLFA (¢ ), and actinobacterial PLFA (d ), and the ratio of fungal

0~5

5~10 10~20
+ 422K Soil layer/cm

20~30

e
=3
S

K]

PLFA to bacterial PLFA (e ) at four soil layers under two straw managements

#3 0~5cm LEEMEPLFA FE. EE/AE LS TIBRAS FRR LAHEXE

Table 3 Correlations among the abundances of microbial PLFA, the ratio of fungal PLFA to bacterial PLFA, soil nitrogen fractions and C/N
ratios at 0—5 cm soil layer

Sk PLFA T4 PLFA FLIH PLFA LT PLFA LRI/
Total PLFA Bacterial PLFA Fungal PLFA Actinobacterial PLFA Fungi/bacteria
N 0.874* 0.921%** 0.121 —-0.422 —-0.875%
PON 0.876* 0.921** 0.106 —-0.244 —0.876*
NO,-N 0.977** 0.994** 0.308 -0.135 —0.840%*
NH;-N 0.627 0.713 —-0.178 —0.600 —0.842*
MBN 0.136 0.148 0.320 —-0.593 0.052
DON 0.894* 0.934** 0.171 —-0.365 —-0.866*
TOC/TN 0.512 0.600 —-0.348 —-0.442 —0.838*
POC/PON 0.445 0.540 -0.283 -0.781 —-0.732
MBC/MBN -0.883* -0.909* —-0.301 0.252 0.742
DOC/DON -0.189 -0.105 —-0.654 -0.138 -0.261

*: TOC, BAMLEK; POC, Foki A ¥LEk; MBC, fEW Y&k ; DOC, ¥4 #HLEK . T [F. Note: TOC, total organic carbon;

POC, particulate organic carbon; MBC, microbial biomass carbon; DOC, dissolved organic carbon. The same below.

http://pedologica.issas.ac.cn



4 34

JAF 74 RIRSAT B e X B RS -2 i . RS o0 B A W v (9 52 1)

1155

1.3 CONT5 BNTS5 1.3 ONT5 HENTS5
a) ONTI10 @ NTS10 b) ONTIO @NTSI0
ONT20 @ NTS20 ¥ ONT20 @NTS20
4 NT30 4 NTS30 3 4+ NT30 4 NTS30
< Y MBC/MBN
) <+ “ +
° <+ 2
o 6‘) & g
ISt SH.e & N a) 5
5 . * 2 et
N ] ¢ + & TOC/TN
] & +
5; o o ++ i
= ~
H 1]
EPN POC/PON
-13 13
-1.2 2.1 -1.2 2.1

T 31 PC1(86.44%)

H—HE/ i RDA1(78.23%)

{E: NT5, NT10, NT20 Fl NT30 735l 27 B T St BT AIE AL 0~5, 5~10. 10~20 #1 20~30 cm 13 f; NTS5,
NTS10, NTS20 Al NTS30 45 F R B [ Tt EAGFFE 354 #E1Y 0~5. 5~10. 10~20 #120~30 cm 13EF: . Note: NTS, NT10,
NT20, and NT30 represent the soil sampled at 0-5, 5-10, 10-20, and 20-30 cm layers, respectively, under straw removal. NTS5, NTS10,

NTS20, and NTS30 represent the soil sampled at 0-5, 5-10, 10-20, and 20-30 cm layers, respectively, under straw mulching.

4 5T 24 DA LR E YRR AR 0T (a) FIEET IR WS AR PE IR TCAR 20T (b)

Fig. 4 Principal component analysis plot of the soil microbial community from 24 samples ( a ) and redundancy analysis based on the soil

microbial community and the soil physicochemical property differences between NT and NTS (b )

x4 AREBEFBEEXNEFKEFENZIT
Table 4 Wheat and rice yields under two straw managements in different years/ (kg-hm>)
1EW Ab Sty
2013 2014 2015 2016 2017 2018
Crop Treatment Mean
INE NT 5824811 7 6261428 75671338 6 530+237 65281416 67031841 6798 £799*
Wheat NTS 7057+352 74561874 7894+512 65341452 7 843 £357 7494 £787 7380693
Xy Mean  6446+873a  75411623b  7730£427b 653243232 7185£799ab 7 099+ 848ab
W & J7 225304 Two-way ANOVA
A4y Year P=0.003
FEFF Straw P =10.006
Ay <FEFTF Year x Straw P=0.159
TKAE NT 8170+56 7 6411437 10260+738 10 758630 9169£300 - 9200£1 298
Rice NTS 7757%757 7352+614 10 025+380 11 1324132 10 156208 - 928541574
¥ Mean 7 964%531a 7496+501a 10 1431+541b 10945+456c 9 663+588b
R Z T 2508 Two-way ANOVA
4} Year P =0.000
FEFF Straw P=0.176
SR <FEFT Year x Straw P=0.124

e TR YERNE . ARVNG FEERIRF —AEY ARG 25 5 B3, *RAAFAZ 227 8% . Note: — means did not
determined at that time. Different lowercase letters indicate significant differences among different years at the P < 0.05 level. * indicates
differences between the NT and NTS treatments at the P < 0.05 level.
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2.6 TEAFRRASEFEZEPEXE
30 P WA Ak B DY )2 3 R o S KRS AL
AR PR AT R e A, ARG 5 B BR

20~30 cm + )2/ PON &4, 0~5, 5~10, 10~
20 F120~30 cm + )2 HREA 0¥ 5K FEH/NE
Y 7 5 G W AR O PE (P>0.05 ).

x5 TRLEREASSENFERIHEXM

Table 5 Correlations between soil nitrogen fractions at different layers and crop yields

+J2 Soil layer ;i Yield TN PON NO;-N NH;-N MBN DON
0~5cm JKAE Rice -0.048 0.007 -0.131 0.308 —0.544 0.000
/N Wheat 0.633 0.614 0.551 0.477 —0.357 0.542
5~10 cm JKAE Rice 0.023 0.034 —0.549 —0.416 —0.104 —0.480
/N#E Wheat 0.676 0.724 —0.429 0.338 -0.205 —0.091
10~20 cm JKHE Rice —0.642 —0.584 —0.664 —0.715 —0.169 —0.002
/N Wheat 0.064 0.180 0.099 -0.710 0.082 0.592
20~30 cm JKAE Rice -0.622 —0.837* —0.710 0.220 —0.686 —0.674
/NFZ Wheat —0.448 —0.582 —0.139 0.151 0.026 -0.035

A TR E S EIR E A T, RS R

3 W B B REBRE AR — 5E UK R R

30 HBABESXNIESARFERASWZN

Tk E RS E, ERPR IR 2
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R
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PR PTG B35 25 5 (& 2a M 2 ), FEFFEE 2500 A
B 44 MBN 9% i (&l 2b), 7RE 5 REERS R4
Ko ZEF SOV BURS AR A 55 Ak BEAE /R 9 AR K HE )
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Bl mREE: H—, @ HEFERSREE
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BWRRMA D Z ML, NMUER ST EA
YA AFAE B AT , AN [R5 T R4 43 vl AR E A AT
8=, RSP IR SR T 1 A i 1 s
AR DY, s H LA A=
32 BHEBENIEREVAEMEEZARN
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