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1EZCARAEIMR R34 )2, L T29 20~40 cm, Xt 356K
[ 5 L AR R A AR AR T AL+
RIRZ W EAR (WEE 7~11 cm) B WEREG I
E R (B BT FRAK 40%~60%), B 1 2 A5 (T 40%
/T 30 em) VO ) BTG, AR T A R AT
MR . RS F 2R % 2 i B Y, el
B FEAF N 30~40 cm 12, i HIEAFHEFFK 9.9%~
6.2%"%), HHERII 10%~20%, 3 HiEBORE 2
FEIE L[t 25 A AT P B OB g 3 KU, SRTT, 4R %
AT A 6T I 3% 2 o A P Bk 0 A p s e Rt 9 L2,
AR B 1 B SR AR A

WL, REFFRHE. REFF A DLAGE H AE PR S
TIEREY A AN FE S . SR S RAE 7 UL R
RS, RIEERKEREXGHZME T 60%[KF
FRIE B &5 A RT3 s i A i S, 78 w5 K R
XBHEN ST 2/3 3 F B A B ) 3B R i R B, D
TN 173 B R T 0 REFFR AN,
PEALRE RSB s, B R T bR as A o i 8 gk A2, 9
HLRENS SR 20 B R BB RIS 4L, A E BT X,
K FORFEATIE H Ae % B P2 = M AR &, T 40 A
To A2 2 Rt (E R G YT RS AT 3 FH DU £ 484 im - 9
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WEE TR (PLFA) ¥ . TLH LA &R, |
IR SCFEAT I HE XoF 3 A A R e R RE SO A A R X
T 0~20cm )2, HEHERZMFEELH, SfHE
KAEFF B REARME T 2 AT SR A - WAL IR )5 () RS AT
FLHEE R AEART 08, A IRH FH A RS FHad R =,
EREFF S BN, W] RETCTRAE 6 B A PO Bs A, 1Mo
T )RS R ORL IR FH RS AT 40080 5 BE R IRk, B
RN WEH R FRARERCRE L AL, Hoar iR
LR S M E R S RSB U = w4 05 A s i ol w12
RIEME, HEASULKFEEHRTHED, 4R
A E & R ERF AR E G, BR 138 n A =
Aty FRAL AR ) 20 00 88 B kS IR RE M BETR AR 1R, (H
R RFAE DL B SO T IR AN TS T o DR, AR Tk i
FINLUIERIFEFT (QS) BALHFEAT IR (KL) 2 FEAH
FEFFSEEIRIC H , 5 R AW R Rl s B s PR
BB, IFSFETATH (CK) #47x . BF9E H E T
T FFEFT A DL AT B TR 2 34 5
K B BRI, TR AL E L X TR
E AR IE AR IR R, DU IR
LN RICE LR E R T AR R .

1 #RAn7E

1.1 R

8] 52 AL 6 T 2015—2018 4E7E 5 MR E A T4 T
FAFA I EE (43°36'N, 124°43'E) #k47, % TR EH
RACTE & FKRA =7 b, Hudb 35 WRE P EE, AR
Wetim . JH LI FRAN N F, FREEY T ERNEK.
K& o @ KR RAE, F PSR 5.6 C, F
BIfE K& 594.8 mm, JGAE I 144 do 50 Hh - 3N
S, BHE T SRCABERE . BB 3. R EE AL
PER R 1.

R 1 2015 4F 10 Aikae it T IRE AR (1K
Table 1 Basic soil properties of experiment field in October 2015
o IR am wowm o
oil  Organic

e RET gy
Total N/ Hydro-N/ Available P/ Available K/ “°" 0% g
layer/  carbon/ (ek _1) (mek .1) Ke! (mek .1) density/ 0
om  (zkg) (€ke gkg) (mgkg) (mgkg) (03 p
0~20 1140  1.02 12080 2226 138.5 140 594

>20~40  7.31 0.75 94.12 11.28 129.4 1.53  6.70

1.2 RIEHH

ARG BB TR UIREFEFF . BRREFFEURL 2 FiAH
FEFFEAS, DLUMHORS AT B0 1 H o0 (K
G A B S, FELN 15 vhm®) , HHIEE
T RAEFF IR E (QS1, 15 thm?®) « T KFEFTFUIREE H
(QS5,75 thm®) T KAEFFHURIEH (KL1, 15 thm®) .
T RAEFFIREH (KLS, 75 t/hm?®) 4 FREFT I8 A AL FE
HURFFAEH (CK) AR, A 3 RER,
W15 ANMIX, BEHLIXAHES], BADX K 4 m, % 4 m
(628) it 16 m® W, PMXERXZAFE 1 m s,
TR A DR A AL L B RS T 17 %o /0 [X A 3L sz i o R0 A
BT AR 2 b T K ISR A B USRI ML DR F KA FF

KIEL 10~15 cm, BRI 20 2 #5r, —#5
TG FVEVI RS AT A AL FE (QS) , W4k
SR FKFEFT A HC-2000 BUFHLIR I G L 2 mm 7,
T B 30% ~ 35% Lb Bl s i Z& i oK, B S H
FTHBCX350 ZUIEEAEFBURHLES L H]13 B A2 4 mm, K
& 4~6 cm [ERRIE R, BIREFRRURL (KL) , AFETES
FEFF R R EEAER IR 2 PR

R 2 FRMSHFEZE UMK
Table 2 Main physicochemical characters of
different forms of straw

= oo
ALz Bulk density/ R Nutrient content/%
Treatments -1 pH — 3 P
(gL?) wmcCc AN #P K
vt
IR RHT 52.95 7.44 5423  0.67 024 1.66
Chopped straw
LT
fAT AL 446.67 7.94 53.55 0.66 0.23 1.61

Pelletized straw
1.3 Rkt

7E 2015 4 10 HHI#E FKRBOR 5 Lt i A B, K
AR B I IR AL F DL SRS FERORL $2 B e H =38 S 8l T
FENNXAN, AR LA BIEEA (D)F>92 kW) Gi—
X PG PR AT BB, T 38 B % A 48/ X1
JE o FEFFRIHE AU ENIRE 20N 30~40 cm, P2 K35y
DIWEREFT LKA AT BURLBI 20~40 cm W R)JZT0H . 1t
J& 3 FRIGHARA AT RS FT IR, B EOKRE R
BT 7 95 B e Bk A RS AT o 24 bR 1) B R RO — 4
— 2, PERERSFCONE E 8 5, WE NEE S AW
HEATHER, FORZE N 67 500 #/hm?, FEFFETHEAT O
TREEIEAE, B4l N 225 kg/hm®. P,Os 75 kg/hm* Al
K,0 225 kg/hm?. P gife. ARIE—aE Rl RUIE 30%3E
it s 7O%oK 1 it -4 FE 1 FH )6 2 5 00 v = R OK AR AL,
HFAR4E 10 ARIGE.

1.4 MEERSHZE
1.4.1 MR RE

2016—2018 fFIELE 3 F1EE TR (10 HWD ,
TERRBS/NX A% 0.5 m F P B To s BORE I U AN 55
WEAREL 20~40 cm LEMLFE, BAMENANEE.
¥ IR N LB R ECH S, AR AT LR R &
WP e, YRS, E AR 2 mm R, B
i - ST B REE AR B N VKSR AP I8 R SE I ==, VAU
TR JE IAE—80 CIrAr, FHTHBEMRIEINIR (PLFAD Xl
ETMAMIBER M 7 — 35y LREON B 48y [m] sk
BN, HTME - e bR
1.4.2 ZEPgR8 7B (PLFA) #9m&

TR A MR TR R B R IR TR (PLFA) 7 ikifiAT
M5E . NG g 7 AR A SR B 7 72: - B2 8 Frostegard 25>
HI77. KA E MIDI Sherlock WAEMI%E 24T &
(Version 4.5, MIDI, Inc, Newark, DE) ] PLFA f&&k, Ll
AENHA, PLLHEE Agilent 6890N S % a4 & FID
Tor 28 N AEF & 5 LA A Agilent 19091B—102(25 mx
200 pmx 0.33 um) , FEAFERBEFEEN 1 ul. R4 MIDI
AN, TR ISR 0.5 mg/mL -+ LR B B bn v
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M AR AT IE FE X S R B A A v 5 A PR R MR 2 i B9 2 A 111

(B R RHE R AR AR HATROE. TR E &
FH UG THIRSURT P9 b I 28925 3R AE, 54 nmol/g.

DA AR AR 2 16:0.17:0.16:105¢.16:107c.16:109¢.
17:108c+ 18:1w5c. 18:1w7c. al5:0. al7:0. cyl7:0.
cyl9:0m8c. i14:0. i15:0. i16:0. i17:0 F1119:0 FALLM
P91, FH 18:206,9¢. 18:109c Al 18:3w6c (6,9,12) FTHEH
W BL16:0 (10Me) + 17:0 (10Me) 1 18:0 (10Me)
RAFMLTE . LA 14:00 17:04 18:0. i14:0. i15:0. i16:0,
i17:0. al5:0. al7:0 A cyl17:0. cyl9:0w8¢c~ 16:1w5c~
16:1m9¢c. 16:1w7cs 17:1w8c 18:1w5c. 18:1w7c 4 7lFE
TEEE LR (G MEXKAMERE (G P,
1.4.3 A FegmE

FEATIE W 5 B4 0% L35 B (soil bulk density,
SBD, g/lem’) . T35 I/KE (soil water content, SWC,
ghkg) « pHfH. TIEAHEKE® (soil organic carbon,
SOC, gkg) . 13E4% (total nitrogen, TN, g/kg) LA
S A3 C/N, BRItk $ I 6 Ty E I 1 Hoh,
SBD 7EH[flig F¥ JJVER 20~40 cm = JZ#EAT05E ;
SWC Uiz F 28 SUBE 320 20~40 em L2758+
H pH i2 M FE38-FiveEasyPlus ™ ( Mettler-Toledo,
Switzerland) 2 pH tHiF47 0 ; LG ML (soil organic

T3 2016—2018 EXAFAETIRELIE

matter, SOM, g/kg) R ERRMIMMPGENE, R
#E SOM (g/kg) =SOC (gkg) X1.724 FHM A HL%
&R TN RAPLRGEREITIE: CON UZ SOC
5 TN WA
1.5 KRR

K H Microsoft Excel 2016 XRG4 4T, 12
F SAS 9.4 B )R 277 25781 (one-way ANOVA)
U ) b 3L 1] 1 22 57 (LSD, P=0.05) . 3K H Canoco 5.0
BATF R AN [ Ak 34 18] ol 2 P e o3 A 22 e 04T e o
(principal component analysis, PCA) , XA VIaETx 450
A5 G K7 I AH BLOG R AT TUAR 40T (redundancy
analysis, RDA) .

2 HR5SH

2.1 TEMZEAMTRELIEMEYEENZMN

2.1.1 TREIIEMA MBS IGBR (PLFA) &9 TACAFAE
1 P8 3% 2 P B A e v R 1 DK/ NI SR 40 o A

K, BHESGHMLHERZ . 5 CK ML, FEFHEmERT 2 235

Y22 R R e UTEZ (PLFA) REDISLAHE . B

HIBE IR B 040, (HRERE BRI 18 B /K B 040, PRI

BEIE FHISS TR O e el s (R 3D o FERILWIR

(20~40 cm) PLFA R E2LI R EHEf PLFA Tk

Table 3 Changes of PLFA total amount and PLFA variation of microbial groups in subsoil (20-40 cm)

under different treatments from 2016 to 2018

o e PLFA it i T T FERDITER S RDITER
Years Treatments Total PLF:IIAS/ Bacterial PLFA/ Fungal PLFA/ Actinomycetic PLFA/ G'/ G/
(nmol-g") (mol%) (mol%) (mol%) (mol%) (mol%)
CK 18.96+1.94¢ 41.46+0.68¢ 7.80+0.86¢ 10.22+0.53a 23.67+0.36¢d 16.33+0.77¢
QS1 27.48+2.48ab 46.45+0.68d 12.07+2.45b 9.50+1.15a 24.44+1.15bc 14.34+0.13d
2016 KL1 20.64+1.26¢ 55.11£1.71b 5.71+0.57¢ 6.47+ 0.29bc 26.13+0.56b 18.49+0.91b
Qss 32.36+1.13a 50.33+1.30c 17.20+0.54a 7.56+ 0.08b 21.64+0.36d 17.1940.21bc
KL5 22.75+0.97bc 59.03+1.15a 5.66+0.37¢ 5.17+0.02¢ 30.69+1.00a 20.61+0.32a
CK 15.83+0.87cd 41.13+0.68d 6.63+0.55¢ 11.13+0.53a 24.92+ 0.45¢ 15.06+0.45bc
Qs1 17.16+0.07bc 45.71+0.52b 6.82+0.02¢ 11.89+0.21a 24.69+ 0.06¢ 14.60+0.78¢
2017 KL1 14.16+1.03d 43.59+0.45¢ 7.40+0.71¢c 10.96+ 0.42a 25.13+0.20bc 13.28+0.96¢
QS5 20.50+0.79a 49.32+0.60a 11.57+0.38a 8.50+ 0.26b 26.15+ 0.61ab 16.90+0.41ab
KL5 18.40+0.82ab 47.37+0.65b 9.56+0.36b 8.33+0.23b 26.84+0.32a 17.20+0.47a
CK 16.80+0.85a 42.13+0.95a 7.67+0.44a 10.35+0.41a 23.24+0.62a 15.66+0.38a
Qs1 17.42+1.32a 44.84+2.11a 7.69£0.51a 11.19+0.43a 24.47+0.37a 14.28+0.53ab
2018 KL1 15.31+1.55a 43.45+1.17a 8.31+0.96a 10.98+0.14a 23.97+ 0.56a 13.73+1.36ab
Qss 18.56+0.62a 44.39+1.47a 7.88+0.46a 8.80+0.62b 24.57+0.59a 13.38+1.08ab
KL5 15.04+1.99a 44.04+1.22a 9.17+1.35a 8.21+0.35b 23.83+0.57a 12.51+0.40b

FE: CK ARSFHAEH; QS1 AT KAFFUIFREH, 15 thm™; KLI ATOKAFFBRLEH, 15 thm™; QS5 ATOKRAFUIFEAH, 75 thm?; KL5 JFKASFF
PRDEM, 75 thm?. NG FRHURAFABLIAHT 2 R, 253 P<0.05 RZHKT, TH.

Note: CK, no straw return; QS1, chopped straw return with 15 t-hm'z; KL1, pelletized straw return with 15 t*hm’z;QSS, chopped straw return with 75 t-hm’z; KLS5,
pelletized straw return with 75 thm. Different lowercase letters represent differences between treatments at the level of 0.05, the same below.

2016 4, PLFA S5 MR7E 18.96~32.36 nmol/g, 5
CK #FHEL, QS1 5 QS5 ATy ) i 3 34 hn v 3% 2 1- 15
PLFA & 45.5% (P<0.05) 5 71.0% (P<0.05) . f&Ff
i HH BB 2 5 T A A BE R T 04 SEIECA 14.5%~41.6%
(P<0.05) , DAFSFEROR B o W3 s DITEASHHIL H RE 2 25
N ECE BE /R E 434 QS5 5 QST 43 Al H CK 2 /1 120.5%
(P<0.05)5 54.7%(P<0.05), H QS5 4¥ & # & T QS1;

FEAFIE H Re PR B I BE /R B 40 8, Hoh KLS AR TR
K, 214 29.4% (P<0.05) ; KL5 ¥ F G5 Gy
BE IR E 4y Bk, e T CK 29.7% (P<0.05) 5 26.3%
(P<0.05) , 1 KL1 k2, QS5 fHfk. Hknl W, 7EEH
B 1 ERAESST PLFA BB DL RS KR 2 2,

FEFFRURL A % 2 25 38 0240 B4 B R B 0 8, T U REAS 15
Srol i B BER B B R E R, HUIERS AR B
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B3 IR P S v T RS AT ORL 2 T4 T -

2017 4F, PLFA & &ZIEE 15.83~20.50 nmol/g, 5
CK #Htt, QS5 5 KLS AbFE4rJ & 2 1 hn 13 PLFA &
& 29.5% (P<0.05) 5 16.2% (P<0.05) , {H & LE#
Z5s RHCHGE FTHEE R R EEYREST
CK, %I A QS5>KL5 5 QS1>KLI, #1E 4 6.0%~19.9%
(P<0.05) ; MEHE&EZNE, QS5 5 KLS /il Em
F CK 74.5% (P<0.05) 5 44.2% (P<0.05) , H QS57J;
BEET KL5 21.0% (P<0.05) ; X F&RE NS,
KL5 5 QS5 V3R ILH 53 &S, KT CK £ 24.3%;
AR RIC I CK REMINE 2 KEM%RE (G HiE
== IR TR (GO I BE 7R E 43304 6.3% (P<0.05) 5 13.2%
(P<0.05) , {HKL5 5 QS5 2 [l L. ¥ ZE 5. Hiknl i,
FEFFEH S 2 45 PLFA R DRSS R 2R FT H &
IR R, FEFFm R IE AR B8N PLFA SELL
KA B G5 GHEREH, BERIRLRE
HIBEE IR E 4

2018 4F, PLFA MR IE/E 15.04~18.56 nmol/g, {H
FEFFEH X PLFA B8 KW BES G HIE/RE 75
TREW, Hd, R & EIE H 8 R PR w
FEIRE 3829 17.9% (P<0.05) , KL5 JRAEZEEFEIC G
20.1% (P<0.05) o 0] WLEHAE I H I [a3Eh0, FEFF G+ 1%
(ks aliob-AUpe S S AN i G =t = S35y (AR S
AT W) S5 R R a3
2.1.2 BREAH: MEMAAR G G ALy TIFAE

TR AR MEEEL G GHER I RFIR 4
EBRGREN, EBK, HIRAES R R,
FLrr A 0T LU r3R el B 3 R B RE D, TG
G Eb {2 o U 2 A 5 A R P e v A e D e 2 0. ML
I Lok E (K 1a) , 5 CK ML, 2016 FUIREFEFT
R T E W M E, RS FERURE H K T E
B MR ERfE, b QSs AbFE N HIEWHHEEE: 41
ELfE N 0.34, BEHT CK 1 0.19 (P<0.05) , KL5 LA
0.10, EFMLT CK (P<0.05) ; 2017 4, QS5 5 KL5
HEE: MEESEEST CK, Hd QS5 &Ml 0.23
(P<0.05) , KL5:5020 (P<0.05) ; 2018 fE5&%A-FH A :
MR LS CK LR 2 7. B RS IL i (Rl g i,
DIREREFT IO BB . 0P8 LU A, TR AT 0 345
Mz BT, AT Rk B S iR m B Al LA .

MG GHAERE (K 1b) , 2016 4, QS1 ) G':
G N 1.89, BFET CK #) 1.65 (P<0.05) , 1 QS5
N 1.26, BEMT CK (P<0.05) ; 2017 £, &AiHEE
CK MItb LR E %R, (HKL1 ) G Gl E N 1.89,
BFET QS5 5 KL5 (P<0.05) ; 2018 4E, HARFEFHE
MBS CK & T G GHE, HEREER. i
AT, G GHAR RN SZ R EAS SR H R4
AR, IEHAT I E AR e EH T G G
EAE FO 3, (EREE 6 R R K, RS il
G": GHAZHFE, X2&FN GXHEAA N IR A
SN SRR, R YR A AR, T B S A L

WoAREEIR, GITMhIK.

0.40f oCK
a BQS1
0.35F ab s oKL1
= =S5
w5 0307 aKL5
§ 2 oast 2 a
- b g 1
0000 T ¢ be 2a ‘a
‘HEKE TC =
0.15} et
: cd| d
0.10f = HH H
005016 2017 2018
4 Year

a. WRZHE: HEEh

a. Changes of fungi: bacteria in subsoil
221

18
o
=

2016 2017 2018
A Year

b, WREG: Gl
b. Changes of G*: G”in subsoil

e AT RACEANFFER N A F R E 2R 8 (P<0.05) .
Note: Different lowercase letters represent significant differences between
different treatments in the same year.

B 1 2016-2018 FFRRAEFERAZLIEALN: @EA
G": GHER
Fig.1 Changes of Fungi : Bacteria and G': G” of microbial groups
in subsoils under different treatments from 2016 to 2018

2.1.3 TREZHE PLFA 690 A 45 /L

XV 2 R B s BT PLFA R4 1) JBE /R
AT RS (PCA) srbr (B2 B3 AIE 4) . 2016
£, PC1 5 PC2 705l 55 7 B4R 51 25.23%F1 24.34%,
QS5 MHMFEATES —F i EHES CK X7F, 1
QS1 AL IFEATE S — F o B B 5 AR AL B R A
X (B 2a) . HAEAAEER (14:0. 15:0. 16:0.
17:0. 20:0. 23:0. i13:0. i14:0. i16:0 1 i17:0) . ¥
KRR (17:0cy o7¢) « FIESZEEAR TR (17:0 (10Me)
F116:0 (10Me) ) PAA /- BEAANRIT R (16:1 o7c.
16:1 ®5c. 17:1 o8¢ A1 18:1 w9c) F1Z AAN g iR (22:5
®6c 20:5 ®3c. 19:3 03c Fl 18:2 w6c) fEE—F s I
WA o IEM (B 2b) , TS — R A
B ) B X IBAN G BB A A G R (14:1 9c. 14:1
®8¢c. 19:1 ®8c. 20:1 w9c 1 16:1 w9c) FZ AL NG i
2 (21:3 w3c. 19:3 w6e Ml 16:3 06c) 7. M Tk
oy LoRFE, TEIATAE v IEAE TR 5 32 243 A VRN i 0 R %
PR SCRENR TR, 1 28 fmr AL A B A0 49 6 B A AN A
NE Wi EE FIIR A BE G R« FErP AN FNNIE TR 2 N 22 IR
93 B FH ECBR (R AR C AR DT IR, T AN TR . AT e g
5 2 DA B FR 55 2 % M 7 TR 2 Ay o8 = TR BT 1k Tl R 30 45 T 1)
FRic eI, 3R A e i 7 R AE DR S8 A5G R T2 A2 1E,
CIR(ES R85 E i T
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asi3, Qsi-1
QS1-2, &
g
— o CK-3
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§ KLl-lAA KLi-3 & | CK-20O Q.SS-l
o~ o KL5-1
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4 KL1-2 - ® _"Qss-3
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KL5-2 QS5-3
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[m} -0.8
CK-1 -1.0 PC1 (36.66%) 1.5
a0k . a. A FIAEBL 3 A
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2.2 TEWEVEBEEEHSTHIESRERTFHERR
2.2.1 RAFZEEE LIEIRFE T8 T

TR DR ) AR b R 5 ) - S A M VR 4 e
R E R K. & 4 KW, FBFHEH 1a, B 2016 45, QS5
XA E (SBD) « HIERKE (SWC) KAEZ (TN
HICE R R B, TREY>20% (P<0.05) , i KLS X}
TIEEHHLR (SOC) KA (CN) HIRFREE, &
A 21.3% (P<0.05) 5 13.2% (P<0.05) , HFEFi4H

X3 pH B PFIREH . FEFFEH 2 a, LRI X
IR 25 RS2 M R P FRAIG, i eI F T 35 R R A 3 5
Wi, X6 -+ 3% pH FFUG R 3R THRLN, H QS5 W3 = SOC
15 27.3% (P<0.05) o FEFFIEH 3 a, {UFSFT il X%
A S5, (HEgmafREmss. i, ffF—kte
L H A 2 2 IR R T, X SWC. SOC. TN,
C/N B4 B IERN, X SBD By BA s, wof -+

*x4

B REEANTRE IR FERNER TR

Table 4 Effects of deep-buried straw returning on main environmental factors of subsoil

5 pH NI T2 FACE B2 5

+HEIREE K F Soil environmental factors

A Sz _ _ hd _
Years Treatments TAE LA KE FRAE LA B s RE L
SBD/(g-cm™) SWC/(g'kg!) pH SOC/(g'kg ) TN/(g'kg) C/N ratio

CcK 1.49+0.03 a 246.79+3.88 d 5.74+0.01 a 7.29+0.11 ¢ 0.84+0.02 b 8.68+0.10 b
Qsl1 1.2640.03 ¢ 268.46+3.02 be 5.25+0.01 b 7.68+0.10 b 0.88+0.03 b 8.73+0.12 b

2016 KLI 1.4540.02 a 260.81+3.36 ¢ 4.30+0.01 d 7.43+0.07 be 0.86+0.01 b 8.64+0.16 b
QS5 1.0740.03 d 306.35+5.20 a 5.23+0.01 b 8.76+0.12 a 1.0240.04 a 8.58+0.09 b
KL5 1.32:0.03 be 297.96+4.22 a 4.69+0.02 ¢ 8.84+0.06 a 0.900.03 b 9.83+0.20 a
CcK 1.53+0.02a 275.87+4.02b 5.65+0.01b 8.61+0.06d 0.78+0.02¢ 11.03+0.17b
QS1 1.45+0.03bc 281.46+2.92b 6.10+0.02a 10.16+0.08b 0.90+0.04a 11.29+0.12ab

2017 KLI 1.48+0.03ab 271.45+4.03b 5.73+0.02b 9.11+0.06¢ 0.81+0.02bc 11.25+0.12ab
QS5 1.34+0.02d 312.65+3.54a 5.92+0.03ab 10.96=0.12a 0.93+0.03a 11.79+0.21a
KL5 1.4340.01c 305.17+5.33a 5.95+0.03ab 10.19+0.06b 0.87+0.03ab 11.71+0.20a
CK 1.5540.01a 262.24+3.52b 5.59+0.01b 7.84+0.22¢ 0.82+0.02b 9.5620.14b
Qsl1 1.48+0.01bc 270.83+2.51b 5.83+0.02b 8.22+0.07¢ 0.83+0.02b 9.91+0.10b

2018 KLI 1.52+0.02ab 269.08+3.11b 6.54+0.01a 7.91+0.18¢ 0.84+0.03b 9.42+0.18b
QS5 1.38+0.02d 285.71+2.6% 6.48+0.03a 9.28+0.07a 0.93+0.04a 10.73+0.36a
KL5 1.4540.01c 281.72+4.10a 6.27+0.02a 8.76+0.08b 0.89:£0.03ab 9.84+0.23b

2.2.2 IEMAMEEK PLFA 5 13205 A -F 69 TR AT
XF20~40 cm W3 2 IR A VB PLFA 5 - 8828
B FRT U AR08 (B 5D, DUBRASAFE H i 5125
YIRS A I E R . RDA &N, WRE %
IRES R0 IR AR B A LRSI, 2016 4F,
P HEFE SR T B A2 80%, i B IX AN HE - 7
—E PR L e Wi T S PRI DR X B A A TR R K
#afE R, He SWC. C/N (P<0.05) . TN (P<0.05) .
pH (P<0.05) A SBD (P<0.05) F&5mifi A Mireis it
PEERZE, HmfEERRE K. 2017 F, WAHT

1.0

MWRRE T BRERY 70%, HH TN (P<0.05) . SBD
(P<0.01).C/N(P<0.01).SOC(P<0.01)F1 SWC(P<0.01)
M AYRE N EER R, HEmEE RN,
2018 4F, 2 NMHEF S FRIRREA L 50%, K
B B [A) PRE K, T B ER IR R o el A M e U 5 M )5
WSS, RAE SOC MM AEMBER LA BE (P<0.05)
SO WIS AR P TR R 1Y) B N T B I
FH B B) T AR Ak, BTLERY B AE ) 52 3@ S e BRI
K C/N $miie R, dise L3k @AM SR
AL NI =R GVE2 0318 Al NS

oo .
CK2~  CK-1|BCK3 1.01 a
SBD Qs1-2
<
; 1.0r N SWC:53.8%, F=15.1, P=0.002
pH s KLI1-2 SOC:48%. 6, P=0.002 A KL12 Acti
Acti ’ C/N: 46.29 2, P=0.002
SBD: 40.5%, F=8.8, P=0.002
s KL124 TN: 31.2%, F=5.9, P=
S @
o AKLIS3 —_ S
© a § ) N SBD
51 KL1-1 IS KL1-b ST e
<QE g, . G+G- QS5-2 CIN i’
-
A Fungi o ~ i CMN KLgl <DE gsi QS5-3___ceee” soc 3 s
Qss2 i o Acti Qs1-y | Lo BTN L A
/ i R Kb320G+ Bacteria CK3
p" i KL5-3 @13 AN T 8 0551 =
. i O okisa KLST e G
Qss-1 TN e i K300 oy P -
s ¥ V.. SBD:342% =67, P<0.014 SBD r Pk G-
QS5- SOCpH:33.8%, F=6.6, P<0.014 KLI-3 b oxiss
swe TN: 22.4%, F=3.8. P=0.048 KL5-3 )
C/N: 18.7%, F=2.7, P=0.042 pH SOC:17.8%, F=2.8, P=0.042
-1.2L SWC: 17.2% F=27. P=0.084  -0.6k, -1.0 |SWC: 153%. =23, P=0.07 )
-1.0 1.0 -1.0 1.0 -1.0 1.0
PDA1(62.47%) PDA1(65.57%) PDA1(21.34%)
a. 20164F b. 20174 c.20184F
a. In 2016 b.In 2017 c.In2018
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Fig.5 Redundancy analysis of soil microbial community structure and soil environmental factors in subsoils under different treatments in
2016,2017 and 2018
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3.1 AEBEHLHARXNMIRE L IEREMEF EEN
SR

TR EM T O EEREAN, 2852 E
EHHEEMWR R o2, WA ILCE Y B S5 AR AT
TR S a2 It v B B U RS FFE N
—FRRAR VR SR, M B RIE O R T
BRI A BIR, (R T RAE AR KA, AR
EE M RETE R ALY, Y 2 WF RS, RS ATRY
ORE FE 25 38 T R g B R m A AE M ERY . AT
HO RS TR IS 2R RG], RN DA I [a) ROBE it 52
RI, 10 H 58— LIRE R VR AR B RS,
HEMEARIER (PLFA) BREERS, MEms, X
B e B s T AR, HE W AR IRA S R S
HR, GFHETLR, RINUIEFRFFACHR 1R
W EEIR - B LU N FEFF IR 2.5~3.5 fif, IXREAVIHE
TEFAE — e N R TR A K, MR iRt
. XEEAWTMER, — VIR RS, i
ANB| g 2R, BRCERBFLRE,
AAH A RSN, TR R ALBR A E S B AR R
FHAP, A G 0 PR B R T B A KDY
T KA IR B A 2R O A OR AR i e, 38
AREZEEAYAE TR, T BT BT R,
T A FE UKL R AR B2 vy, SR R A v BE R i, it
LA B IR D0, S EUmR A FE R R S R
PN AHTE AR MR AN R TR 3 ) 3 R R N A A
FEHBAE . LB, 2o sl e R
FEMIEH 2 a JamEEHEKEIEH L E5R S 7 LIE
PLFA B8 KAIHE. HE. FXKHEMEE (G 5F 2K
MR (GO MEE/RA S, mEEHRBRE, X
A 18 RS R FH i 08 A I s 1) 248 e = 3 A A W A i R
W&, WIHIEK T EMAN, = 7mREGENEN. SR
BIFEF LS —4F, SAEMEBETIE CK ZR AR
=, RO\ BA SN R 8K BN, e
S A RAT I R e RS, T2 R,
S W R 5 A ) B S OO A A R AR R K A e B B
FEATEAEIE R AL FE e U928 S Ak, AKHE 5t b B AR TT T R
IRE AR, (BARTERE T IE 5% DL B AL 5
FIRERITAE D BETS , AN NI AR, FhKiE D 7T
e, KRB ZEE AR L LA M RE, (K
WIRKEI T 5~10 cm 1 10~20 cm -2 EUE AL 35 A7 B
B, X7 T SRR AR AR A T AR o i B <Y,
57 AR SZ K AR IS S . RS AR IR A H s 5 3 PR AR T
TRZETE PLFA & &, 1X Al Be 5 M4 & B = ) pH M5
AR BN, FERFIE H EARIE— e R R T
FLTE I BE IR B 0 8, AR A VIR 2 FE A0 R WL s
ERE, R S RIERED S ERERE 20T B ER
F5# (shannon) , VARIEREVIREE YR+ 8 ES), SR
T FSFT I8 FH ) shannon F8EILT CK, X K AREFFE

HJG, MR IR G 2, 180T o5 P A 4 A7,

T ARl A ek 0 22 Ak T B

E5 AERBRATHLETIRETIEMEVEEMMEEE
(shannon ¥ %)

Table 5 Species richness of soil microbial communities in subsoil
under different straw returning treatments (shannon index)

b3 A4} Years

Treatments 2016 2017 2018
CcK 2.07+0.010a 2.05+0.007a 2.06+0.005a
Qs 2.05+0.020a 2.030.008ab 2.04+0.010abc
KL1 1.88+0.024b 2.02+0.022ab 2.05+0.018ab
QS5 2.06:0.010a 2.01£0.005b 2.01+0.014c¢
KL5 1.84+0.010b 2.00+0.012b 2.01+0.018bc

3.2 TRETIEMEVMBELEMTHUMEREDT
FEFFE HAE — B RS L OO% T RCE BT 0 A1
EANFEFREFFREAEE S, UUIRRREAEYS CK ZR7K
K EAFEFHELE S, UEmREHEREKR. X
B RN [F) 5 FF R T A B 5] G 4 48 3 5 IR 7 1 4
A7, B AL IR 0 AT B 25 R AR
RIL, AEFFI H G T A8 R 7 I R R AR OO, AT
fERZ AT AE D REVE I R BB R R AR B . REATIEH 1 a,
MAEVBEE AR S R ER USRS E, LIEEE
(SBD) . pH. &% (TN) AL (C/N) @it
VIRER SRR ER R (P<0.05) , ZMBIET L, 1B
il B 1 3 5 DA R v R DA E SRR v R TR D 3 2 PR R
R, FEAEEEANTRZSE 7 HAREN, FURZE
S PREAEE PRSI Z, X T 22 B S A
RULF T H KB, AR B KRFEFF A& C/N YR,
Fefimt 5 5 T4 M R, Wbk Ae I W 3B FL IR &5 14 1)
SBD #F, TN A2 B R 20 A () 25 K 2= . pH £ 1M
TIE M RETE AR [ Z REE B BT AR YT, 28
WAEYIE BN pH 7E 6.5~7.5, FEAFEHES | 4F1+3% pH
4 B AR A B BT 1) P B 0 1 A 2 P i 30 7E — e R R+
BB AR, IR RS FT I IR B PLFA $0E s,
HRHEAENEEN, RHUIBFRA S AR
SRR D S5, X 5 N I A D ) B
WA 5. FEFFIEM 2 a, ARSI 0 F 2R DURS
FFAA&EANT, HESKE (SWC) « HIEGHLE (SOC) |
C/N 5 SBD R EMRIEEMMNEZERNE
(P<0.01) , TN NEZERZE (P<0.05) , XFEZK NE
HREFFRE R, JLARKAE 1B AR, KB A
PRI G RERFLHAS —F OB R
a3, AT oy R R R SRR IR D, T o A H
TAE A A B PR T 7S R IR LA S C/N, AR AE R
EMER I — PR . FEFEE S =4, LIEMAY
THEVR 435 M ot - SRR B8 IR 1 (A i RN IX 5 F B EA )
FIRE FEARAL, XN 3 a SREIRHLEESE . Whis A FH LA
JAEFFIE A AL R ) 55 7 A AT HE 6T L 28 4k (R 7 5
e, FACERHEAE T KPS CK Z545/0 (84, H
Y SOC 5 A & (P<0.05) , R T — KR
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st HJa SOC fgete R e & S EUR W E & &=
T B . FEIG AR, A0 SRS AT
R IR B UIEREAT A IR R OE 2, HREAWT
HOR L 23R X SOC TN Sl AL Wi V& 45 M 1)
IEBESIAN R UIERG AT, 3K S BATTAE BV e X P
FWIAR—8, sRHBERIRE =, —RELX PN
BT, BEKEMD, FEATRR XA WROK G 4 BEZ |
TP, ABERTIRSB: AR S, BLTR
JRA BRI G, REATRURL 2 R RS )5 A 5 AR
AR SR, R AT R 7E 2 3 XAt AT e B e T
JRRIEH, BHZE LIRERSCM AR K7y, 5 RAERSAT
FURE AT ORI FH DA S BRIERE TR 2 A3

4 % i

TR ol TR 265 B T KRS 2R 58 ) S () R B M v W 3R
EAIEB RGNS (PLFA) BB, 405 M B EER E 2
e, (HXT R E A BRIRER

DR A Ak B 2058 S s A Ack BB B ) {1 0 L R R R
(T B o B FE B JB) PRI 38 0, e 30 T 2 2 PGB 1 1
(GH « FEKRWMRE (G) WEERE, FT KR
EERGREE.

T AL R () O R ) R IR MR S R oy
SEEFRK. 81 4, HEAEE (SBD) . pH. &%
(TND H5RE (C/N) & 5] A YR 45840 7y 510 55
FZER T (P<0.05) 5 5 2 4, HES/KE (SWO) .
HIEE WL (SOC).C/N 5 SBD Al & & K1 (P<0.01);
33 4F, SOC NEFEMERT (P<0.05) .

M2, QS5 ALFENT AR ZHAL R T EGE N
D3, XAEMBREMMRERE I ERE, FEE TR
MR 2 AR R T B
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Abstract: The subsoil layer is an important plow layer between topsoil and bottom soil. It is also an important crop root
distribution area. However, long-term rotary tillage caused a thick plow pan in the subsoil layer of black soil in Northeast
China, which seriously affected the operation of water, fertilizer, gas, and heat in the soil. As is known to all, straw returning is
a win-win measure that can not only fertilize the soil but also ensure the utilization of waste resources. Chopped straw is a
common way for local farmers to return to the field, while the pelletized straw return is a novel straw return management and
is made of straw after highly comminuted and extruded. Our previous research proved that these two forms of deep straw
return had a good effect on subsoil physicochemical properties. However, their effects on soil microbial community structure
of the subsoil layer were still unknown. To clarified the effect of chopped straw and pelletized straw on soil microbial
community structure in subsoil layer of the black soil, then, evaluated the effect of maize straw returning on fertilization of
subsoil layer, a one-time deep straw returning experiment was conducted in the black soil of Northeast China from 2016 to
2018. There were five treatments in this experiment, including chopped straw with low dosage (QS1), chopped straw with high
dosage (QS5), pelletized straw with low dosage (KL1), pelletized straw with high dosage (KL5), and no straw returning (CK).
The contents of soil microbial flora phospholipid fatty acid, soil bulk density, soil water content, pH, soil organic carbon and
total nitrogen were measured in the maize harvest season. The results showed that the microbial flora total phospholipid fatty
acid content and fungi phospholipid fatty acid content were significantly increased by chopped straw treatments in the first
year of straw returning, with a high dosage increasing up to 71.0% and 120.5%. The phospholipid fatty acid content of bacteria,
Gram-positive bacteria and Gram-negative bacteria increased more significantly by pelletized treatment, with high dosage
treatment up to 41.6%, 29.7% and 26.3%, and the phospholipid fatty acid content of fungi significantly increased in the second
year. The phospholipid fatty acid content of each flora, especially the fungal phospholipid fatty acid content of chopped straw
with high dosage treatment, was significantly higher than that of pelletized straw with high dosage treatment (21.0%), and only
the flora with high dosage straw return had significant changes in the third year. Chopped straw treatment significantly
increased the fungi-bacteria ratio in the early stage of straw returning, while low dosage straw returning increased the
Gram-positive bacteria: Gram-negative bacteria ratio. With time increasing, the ratio of high dosage straw return increased
more significantly, which was conducive to long-term maintenance of ecosystem stability. High dosage of straw returning
could significantly change the level of soil physical and chemical factors, which was an important reason for the differentiation
of microbial community structure. The significant soil factors changed with the years of straw returning. In the first year, the
significant factors were soil bulk density, pH, total nitrogen and C:N ratio (P<0.05), in the second year, the significant factors
were soil water content, soil organic carbon, C:N ratio and soil bulk density (P<0.01), and soil organic carbon was the only
significant factor in the third year (P<0.05). In conclusion, chopped straw with high dosage treatment had the most obvious
difference between microbial community structure and CK, and had a stronger ability to regulate subsoil fungal community. It
was more suitable for the improvement of the subsoil fertility of black soil and promoted the resource utilization of straw in
Northeast China.
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