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Abstract: [ Objective ] This study was designed to explore the effects of crop straw returning on soil and crop growth is an
important approach to regulating soil nutrients and crop growth. [ Method ] In this study, treatments including no straw returning
(CK), reduced straw returning (1/3 straw returning with low stubble retention, straw removal, and deep rotary tillage (1/3FSX);
2/3 straw returning with high stubble retention, straw removal, and deep rotary tillage (2/3FSX)), and full straw returning (full
straw returning with deep rotary tillage (FSX); full straw returning with deep plowing (FS)) were simultaneously set up in two
locations. The effects of different straw returning treatments on wheat seedling growth and soil properties were investigated.
[ Result] Compared with CK, reduced straw returning at all experimental sites significantly increased the plant height, stem
diameter, and root length of wheat seedlings. Among these treatments, the plant height and stem diameter under 1/3FSX were
significantly higher than those under other treatments. Meanwhile, straw returning significantly inhibited the wheat germination
rate, with the strongest inhibitory effect observed in the FS treatment. Compared with CK, all straw returning treatments
significantly increased the soil available nutrient content and the straw decomposition rate under reduced straw returning with
deep rotary tillage was significantly higher. Also the soil straw decomposition rate and available potassium content under 1/3FSX
were significantly higher than those under other treatments. Compared with CK, straw returning at all experimental sites
increased soil microbial abundance. The abundances of bacteria and actinomycetes under reduced straw returning were
significantly higher than those under other treatments, and 1/3FSX showed a greater increase in the abundances of soil fungi,
bacteria, and actinomycetes. Furthermore, the wheat seedling biomass at all experimental sites was significantly positively
correlated with soil available nutrient content and soil microbial abundance. Soil available nutrients exerted the main explanatory
effect on the variation in wheat biomass, while microorganisms mainly affected soil available nutrients. Specifically, soil fungi
and actinomycetes jointly promoted the increase in soil available potassium content, thereby promoting the improvement of wheat
biomass. [ Conclusion ] Reduced straw returning with deep rotary tillage can improve soil porosity, promote the abundances of
fungi and actinomycetes, enhance efficient straw decomposition, and rapidly activate available potassium, thereby promoting a
more significant increase in wheat biomass. Among all treatments, 1/3FSX exhibits the best effect.

Key words: Returning straw to field; Returning amount; Returning method; Soil nutrients; Microbial abundance; Wheat biomass
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Table 1 The basic properties of the tested soil

Hh X T3 AY Soil TRl & AN/ AR AP/ HEE AK/ FHLEE SOM/ JB it
Region type prt ( mg-kg’1 ) ( mg~kg71 ) ( mg‘kg71 ) ( g‘kgf1 ) Texture
4% Dangtu 30 6.64 34.38 15.43 131.51 30.12 Heffgh +
(DT)
JF YT Lujiang T+ 6.71 32.56 15.22 133.78 12.75 R
(L1)

e AN: T A ; AP: A5 ; AK: 38 ; SOM: A HLE . Note: AN: Alkali-hydrolyzable nitrogen; AP: Available phosphorus;
AK: Available potassium; SOM: Soil organic matter. (DGray fluvo-aquic soil; @ Yellow-brown soil.

=2

XAk 3E

Table 2 Experimental Treatments

AP id H

fb B BEAEULIA
Straw incorporation rate/
Treatments Operating explaination
(thm?)
CK FE AT 40 s SR ERE, PRt ib 0

1/3FSX AR B, FEFPREE 5~10 cm, WIEAH, HEHFE 0~30cm 12, P4 3.05
2/3FSX AR AR, BRI E 5~10 cm, WIEAH, HEHFE 0~30cm +/2, PR 1 6.10
FSX A EEEH, FRBEE/NT 5~10cm, HiEEH, EHFE 0~30cm +)2, F&+H 9.15
FS A mEH, PREE/ANT 5~10 cm, WHEH, FMEEHZ 30 cm 4, F&+H 9.15

1.4 HRXESHE

1E 2023 4 3 A /N2 W, 2R F T BBURE o0t
FEA/NX 0~30 em JFUR HIEFEFTRES R, IRE )R
B w0y . — bR S Y sk IR S 4 G B T &
WESRT, BFES, of 20 B, =G4, T
FE IO — i A 1 mm B i-80 °C
VKA
1.5 HRIXEAERNEEWENE

HIEAPLT (SOM ) & i % FH 5 4% R 41 T o
U s e A (AN R AR
U AR (AP) FiER A NH.F-HCI
2R kU e s R HEBERE (AK) &
R NH OAc 242 — ke kU a2 5 4 4
pH SRV AR AU ;. +HE% & (BD) Ml
FERS TG IR JT U0, RS B TR JFOIR A
Tl R I s g 0 5 , RIS A A ( 1/3FSX. 2/3FSX.,
FSX. FS) FEMZRFEF UG, 28 TR
Mk LIS L3S 105 CHET (HFSE 48 h), R

Cigant-

TEA/NE = —0 W (FEF S 20£2 d) JTREH
[ HURE, 7E4/NX (1/3FSX. 2/3FSX. FSX. FS,
CK ) R FLRUBRE R A TR AR o TS RO /N 22
FERRAE SRR R (H) LAAREK (RL), H#R R R
W5 /N RERRBE i AOZERL (D), XA A B
HAITEE YA, [FE, s X AL ETE/NX A
PEAE 5 SRR, BARE 1.2 mx1 mEHERN,
B/NEW R ZFH (RGA ).
1.6 TEEE. @EMMLEEREERENE

+ 38 DNA RFf7 2% Qiagen /A F DNeasy
PowerSoil Pro Kit {7 &S MULHHFH#EEL, SYBR
Green W H Takara %] A A, /\#4E MW H EE
Axygen 23 7 . 5% Jil ABI Realtime PCR-7500 5 £ PCR
S 7 FLTE . A RRI S TR R DL B, LIRS
PeFE ITS1 A1 58S (ITS1: 5-TCCGTAGGTGAA
CCTGCGG-3"; 5.8S: 5-CGCTGCGTTCTT- CATCG-
37 AHE T W4 357 A1 518(357:5-TACGGGAGG
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CAGCAG-3" ; 518 : 5-ATTACCGCGGCTGCTG
G-3" ). ZW 71 Wik $: 243F 1 1387R ( 243F
5'-GGATGAGCCCGCGGCCTATCAG-3' ;  1387R
5'-GGGCGGWGTGTACAAGGC-3'), RT-qPCR JZ )i
BFEH: 95 °C 30s, 95 C 5s, 60 C 345, LW
2-3 BN 30TEI, iRtz 95 C 155, 60 C
1 min, 95 °C 15s. JRWAAKFR N 20 pL: 10 uL SYBR
Premix (2 x), F 514454 0.4 uL, Rox (II)
(50 x) 0.4 uL, DNA 4 2 uL, ddH,0 6.8 pL. 1.7
B b 2

$PEK FH Microsoft Excel 2022 f1 IBM SPSS
Statistics 22 FATEIEA IS G 08T, SRHAIZHE
2598 ( Two-ways ANOVA ) 255X+ ( Ducan )
LT LR B ERE (P<0.05 AEREE), %45
RUPP AR 2N, £ R(R4.6) IEF A
¥ AL “vegan” | “semPlot” #H AR
SRR (VPA ), FALARFRELAEY ( Random Forest )
A2 HrB AL ( Path Analysis ) U2 SR F Origin

“rfPermute” .

2024 2 HTE .
2 %5 3R

21 ARTHEXFGTHMAEHINNEZEHEHEY

EIERIIY

K 1a ATHL, 5 CK AHEL, 4% (DT) FIJMYL
i X AYFE AT I (1/3FSX., 2/3FSX ) /AW iIRE
mEERT, BB R EEER, Hip
1/3FSX ki i3 m T HAbAN L, FS 5 CK AbFRkE S
T FEZES, Yk (DT)FSX HhE iR E, JSIT(LY)
X ) FSX ol #EPE2E R, MKl 1b Al 5 CK A
Fo, HrpsyTHbIX 2/3FSX. FSX., FS ZEHLIY) &4k
T, AT HB X NZ 2R T B 3 25 5, PRI H X
13FSX /NEHHZEMI BRI i 1A, 5
CK #HEL, DT HilX 1/3FSX /N IR K AEAE 4R
T, LI HbIX 1/3FSX. 2/3FSX. FSX. FS MK
PEFRETE, Hod 1/3FSX MK B % T FSX., FS.

(@) 0.50F (b) 8¢ (0)
30F 2 4 DT DT a DT
£ oap Bl _ 045f =L =L
£ 25 (T e bee ¢ S odola 57'%—‘?‘—1@3}1—?—b Bbob
2 e = B I 53 o TS & = [
D 200 2 035 I I 5 o .
| S 0.30f b =
g g g sH
~ 2 0.25H
s 10f & 020] =
ity = Y B gl
=5 o5
0 3
1/3FSX 2/3FSX FSX  FS  CK

1/3FSX 2/3FSX FSX FS CK
AbFR Treatments

10
1/3FSX 2/3FSX FSX FS CK
AbFH Treatments

AbFE Treatments

L IREL IR 2, B P AR R /NE FREFR R AN R AL PR R 22 57 1.3 ((p<0.05 ). T [A, Note: Error bars represent standard errors

( SE) . The lowercase letters marked in the figure indicate significant differences among different treatments ( p<0.05) . The same below.

B ORFERSF S A F P RSAR S BN B bR (H, a), 25# (D, b) FIRK (L, C) KR

Fig.1 Effects of straw return with different amounts of straw return on plant height ( H, a), stem diameter ( D, b) and root length (L, c)

of wheat at the seedling stage
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H & 2a a] 71, 5 CK AHEL, PIPHLIX A FSX.
FS /NZ RGA 3% AL, My & F5 #1180 M AL 3
( 1/3FSX. 2/3FSX ) Joid #ZMEFEMR. & 2b Al
5 FS Fl FXS AL, DT A1 LI Hb DX A9 R FT ek 2 14 H
(1/3FSX. 2/3FSX ) /N2 WIS FT I8 e 52 34t 25 4
. o 13FSX R i s TH B AR, FSX
5 FS Wb Z [RIFEFF i e o i 22 7 .

23 ARTHELFGTHMEEN LIEBELER

) 82 i

M 3anl %, 5 CK A, PiA-H X RS Frd
M AbHE (1/3FSX. 2/3FSX. FSX. FS) /NEW I+
el i A o E R T, AP B (1/3FSX.
2/3FSX. FSX) Biifi % = T FS Ab 3, Hrf 1/3FSX
X it R B T fe e, 2/3FSX 5 1/3FSX Z (]
WA EILREEES, FNEMASTEZ A
#} CK< FS < FSX < 2/3FSX < 1/3FSX. HiA
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30
1/3FSX  2/3FSX FSX FS CK 1/3FSX 2/3FSX FSX FS
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Bl 2 AEIRSFT IS 2 1F P REAR S BN B ZF 3 (RGA, a) FIRSAFERR (b) A2
Fig. 2 Effects of straw return with different amounts of straw return on the germination rate (RGA, a) of wheat at the seedling stage and the

straw decomposition rate (b )
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1s0] o — Ore —
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= & . ¢ — ©
~ 140+ — _I__g_ d e 30H d
op | — 2 | =
HHED 120 1 6 25
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B = s 15H c
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20F 3
0
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K3 ANEIFSFTIE B 25 F R RS ARG X/ A B L A (AN, a), 74 (AP, b), B (AK, c) ML
PLBT (SOM, d) YN
Fig. 3 Effects of straw return with different amounts of straw return on soil alkali-hydrolyzable nitrogen ( AN, a ), available phosphorus ( AP,

b ), available potassium ( AK, ¢ ) and soil organic matter ( SOM, d) during the wheat seedling stage

3b AT, 5 CK A, P X RS AT B AL #E SR ERT, FAREAREE (1/3FSX. 2/3FSX.
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http://pedologica.issas.ac.cn



6 1

RICARAE . ANFIREAR A AL 5% . RV BR 122 iR KA R

2059

R & it W E T FSX AbBE, T 2/3FSX 5 1/3FSX
ZEAREEICREEER, 1/3FSX 5 FSX Z
A I EMN 2SS, A S A
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TR E R, bR R R e
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_L8F I;ILJ
E’ 16l b b E3 a
<2 A ¢ ER -

C

2 b T b
£ 14 He ¢ ¢ K3
: Rt
= 12t
E

1.0H
Gl
&
B O0.8F
_’_l

0.6

1/3FSX  2/3FSX FSX FS CK
ALFR Treatments

( 1/3FSX. 2/3FSX )RR &AL, H 1/3FSX Fl 2/3FSX
VOB T B €l Eon T T e i
& 4a AT, 5 CK AL, PIASHLIX A FS FFE
M AbFE (1/3FSX. 2/3FSX. FSX. FS) /NEW I+
AR BERM, FS YA E B E A TR
AbFR (1/3FSX. 2/3FSX. FSX), 1/3FSX #HH ¥
T 2/3FSX Fl FSX, 1 2/3FSX Fl FSX 4b B ] +- 15
RETLBEELS ., MK 4b 714, 5 CK A, P4
RIS 8 FS /NI IR (pH ) 35 5 EPERE
i, DT o5 SRR IEAL 3 (1/3FSX., 2/3FSX,
FSX) T3 pH KW EFEML, LI HbDXRS A e b 34
( 1/3FSX, 2/3FSX. FSX) I EmRmf ey o & Rk,
HASFRGEE AL ) G B & 2 5
7‘5_(b) or

7.0
a2 6.5F+= —I—_I_ b £
6.0

5.5k

30 13FSX  2/3FSX FSX ES CK

L3R Treatments

K4 AR IS 2 T REARE XN E R A (BD, a) FIBRBUE (pH, b) KIEIR
Fig. 4 Effects of straw return with different amounts of straw return on soil bulk density ( BD, a )and soil pH( pH, b ) during the wheat seedling
stage

24 ARFBFEHER LERMEYEENZN

I Sa %1, 5 CKAHEL, PHASHLX ARS8
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FSX. FS) :HEdumi 1 (FEHEIE) HFER
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F12/3FSX Z A1 TG i & 25 5, (R LA THIR B 2 21
FHAbAIE, E Sc nl%l, 5 CK AL, PHLX
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272 T - 2R T S B (IR DUEL ) 34 0 2R T
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