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Abstract

In order to test effects of returned-straw on soil fertility and soil biological traits in wheat-maize
rotation systems, we investigated the soil organic matter, soil nutrient capacity, soil microorganism
and soil enzyme activity. The results showed that returned-straw increased wheat yield (2 seasons)
and maizeyield (2 seasons) by 5.3% - 25.0% and 15.8% - 26.1% respectively, increased the soil or-
ganic matter by 0.2 - 0.4 g/kg under the condition of 50%, 100%, 150%, increased available nitro-
gen by 6.64 - 9.00 mg/kg, increased available phosphorus by 3.37 - 4.07 mg/kg, increased available
potassium by 10.33 - 19.00 mg/kg, increased the amount of soil bacteria, fungi and actinomycetes
respectively by 2.2 x 108 - 3.1 x 108/g, 0.5 x 106 - 3.5 x 10¢/g, 1.3 x 107 - 1.9 x 107/g, and increased
the activity of soil dehydrogenase, soil urease, soil acid phosphatase respectively by 3.82% -
12.98%, 36.0% - 80.0%, 12.99% - 37.80%. But excessive amount of straw returned 150% was not
beneficial from farmland productivity because of its negative turning point in soil fertility and soil
biological traits. We suggested the amount of returned-straw was not more than 100%.
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EHEXAGTHEDEE. EEVR. BXRSY REVEERLREEE. HRRE, BTEHEE
WinAEFES). REFDR)=E, WIESH85.3%~25.0% 15.8%~26.1%. FEHFEHEE, HHEEH
FEE, 50%. 100%HA1150%FEFEHAMH T, HIESH40.2~0.4 g/kg, TIBBMAE. AR EX
B4 B N6.64~9.00 mg/kg. 3.37~4.07 mg/kg. 10.33~19.00 mg/kg, HHE. HHE. BLEFHEIES
BA2.2 x 108~3.1 x 108, 0.5 x 106~3.5 x 106, 1.3 x 107~1.9 x 1074>/g, TIWBEEE. TREE. BRMERE
TRWE I P2 B 0 3.82%~12.98% 36.0%~80.0%- 12.99%~37.80%. {EfEFEHEZXF150%FH,
FEIRAE S K AW Fe R T AT i, B UCT T 100%AEFE HONH .«
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1. 5|8

e KR E, RERAEE2FEE. 5, 2010 400 E = RS/ R Rk 8.4
e, 25 At SR P RAEMIFEAT R 1) 30% A4, FItH AR 2 1. B H AT ERS R H R EUC, 108 33%,
FEAT A R HAMES H AT SR Sis i RS T g, SRR

WHERIL, R Ea REREIR . BBHESRD, BT BT R EIR A SR R
[2], $&FtLIEAET). FEFFIEH)E, —J7 e ey =&, 5 —J7 e n LA PR SRR E E
[3] [4]. oot LIgEEM[5]. R mIERIRI 6] AR = SRR [7], IF H TR &/ KRER
JCE, CHE R EAE A, SRR E MR . IR AT F 2 K w] RO A Bos it
[8].

FEAT I A E X EYDAR Br T U S A s R o B2 . SRR R 00 R B L3R AL
(R AN ot e 3R AL, SRR B TR T R RS RNRI (9], AR 2 R 1) AR 38 RGBS E 1)
Elton i, ZEIKZHFENIANFE[10], BAFCHERTHERIFAES RS S, HEFHE1].
XIGE MELE[1 2R 78R I, AEFFIE H 2 ) L 3R B R0 N, A8 75 T S0 - A58 FeE W ity s 11 ol I il AR JDR Il 0 12
BN 46.9%+ 9.0%41 39.0%.

FE BRI XN 22 - FOK— SRR AR R BE N, R HEORIS B H 284, (HR2 L5 EIMIED
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B P RS ) R H B R BI13]. R A P I R TR A AT ARG R RIS DU R, RS FHIE H & 1)
Z /b S AN FE FE R LB AR S AR F[14] [15]. PRI, KA RS FHad 454 o R38R /) e A3 A= 2 1
R Ay 2 FEFF IR AL B 2 /DECEIE? AW ENE XS LR [ R, e 45 sV X e i) A 7 1 5
B, BN TOKEAERI R, @it 2013 4E 10 H £ 2015 48 10 HZE/ANE . PIETKRLE, it K
FEFFAE X L 3EAR ) K AR F bR S MG O, FRE5E N AR = B- 0 - L3R5 1) 5 I
FEFT IR A 34 FH B AR BB, AN 9 B T 5 X /N 22 - TR R VR ] T A AT R 2 B Ak R & A=
FERE AR

2. MRS E
2.1, RIE AR

TN TP R EALTARE 116.44°, JL8 37.16°, J& TG VAL BT IR, D9 i KR 2R KUk,
TR, WEHY, EFTREZH, BEFRREE, KFRK, £F1T4, tlRRL. £ 12.7C,
I REKE 535 mm. ZMLIX EERE, HWORH, NIRERRE SR, -k PR T
KAy, W5 X AR A AR B LA 1.

2.2, R RITE

RIGIL 4 NAEEE, AREEE 3 R DX E AR IR AR, YA F KRR R, Bk
HKE R, DX AL 6.0 m x K 7.0 m, /MNXEF 42 m*s BRI W W% 2.

WEABTT e 4% R 24 A B S ABUHE R . BT/ 222t A N 240.0 kg/hm®. P,0s 130 kg/hm’. K,0 105
kg/hm?, . APAELE N RI — RN, BUEIEE HCA 6:4; TKZEHIAEE N N 260.0 kg/hm®. P,O5 120
kg/hm®. K,0 105 kg/hm®, B H7E TR — KM, FIEILE N 5:5.

RAFEHEFR: NEERH T EH B, RFFEHE, %% 2 PREFCHERT. 2P, 50%FFT
W AR EE RISt — 2 REFF,  100%F5FF 34 FH AL FE N 45 IR F, 150% 5 FF a4 B AR EE RN AN 50%0F: FFs FH Ab 3
P U — BRI N . BARIORSFT AL 3807 2 N R A R S R B 25 IE L TR FE AR 8 5 i
HHEH .

R T KM ARG T (8] (REAT BEALE HDFF AT 2013 48, SAT/NE2-FOKR—4EHIME, @FPish Y
SR, HAP KON 958, INFENTEE 22 5o ARAh. AL H AR EE A% I 2 A R ) IR A
R EBUNX (2.0 m x 2.0 mFETTHR=, GuilEY =& . 2015 4 F KGR G 3R ) B4 B L E 115
0~20 cm L2 FIEAHUR . FRAMRME . A0 BUSE) . TEMAEnE. JE. Rk, -
BERF(ERG . DREG . BRYEBERREE) T VE SR br o

2.3. MRATTERBIRLIE S

FIRNE S FEARINE T LS G . (RS HT) [16]. L3RRS IR (9 5E(17]. 3
B RS IR SCAR B AT 5 [18]

B A3 HT R DPS $FF, I Duncan #5220 47 2 FLLA.
3. ZBRE5 0
3.1. FEFFERM NE-F K= BAIRM

ANFEFEFFEHE AT B FHLW/NE . TR E(E 3). MT/NERY, SFEFFAE H R FEAE L,
50%A5EFT 0 F L 100%F5EFT 4 F L 150% A5 FT 4 F AL PR 1) 2013~2014 25 /N 2277 843 Sl B 1 5.3%+10.7%+10.6%,
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Table 1. Basic properties of soil
=1 HIREAREBUMR

BHHLR gkg HE glom’® AR A mg/kg R mg/kg JHERET mg/kg

organic matter Bulk density available nitrogen Available phosphorus available potassium pH
13.4 1.42 65.1 23.4 156.0 8.47
Table 2. Experiment design
2. IR
WS Rab AT CHE
number experiment design returned-straw amount
CK FEFFANIE 0 kg/hm” F&FFIE H
50%ST 50%/NEE . ERREFFEH 3375 kg/ hm?* (T-E) T KAEFT, 4125 kg/ hm? (T-5)/NERGFT
100%ST 100%/N5 T KFEFFEH 6750 kg/ hm?® (T-E) T KFEFF, 8250 kg/ hm? (T-E)/NEFEFF
150%ST 150%/N . FRFEFIE H 10,125 kg/ hm? (7 3) FRAEFF, 12,375 kg/ hm?® (FE )/ FEFT
Table 3. Effect of returned-straw on maize-wheat’s yield
7 3. BFTEEN ER-NEEEHFN
e 2013~2014 4R/ TR 2014 FEER R 2014~2015 4F /N TRt 2015 FEER T
reatment (kg/hn?) (kg/him?) (kg/hn?) (kg/him?)
wheat yield maize yield wheat yield maize yield
CK 7156.5+20.0 ¢ 81249+132.8b 7600.3 +54.5 ¢ 8320.5+469 ¢
50%ST 7536.9+499b 9449.1 +112.1a 81753 +75.8b 9638.7+66.5b
100%ST 7921.7+76.4 a 10241.9+203.1 a 8600.4 +49.9 a 10456.1 +86.1 a
150%ST 7914.0 +50.7 a 10068.8 +128.3 a 8294.1+81.1a 10291.5+ 824 a

i RAARFEVNG FRERIRZE B 5% E KT

AR 2014~2015 £E/NE PRI 19.4% 25.0%. 21.0%, 100%F5FFEH 5 150%7F5 5T 34 FH A2 5]
ZRAEE XTERKRU, ST H XA, S0%RFFIEH . 100%FEFFEH . 150%F5FF
I HALFE ) 2014 4TS R HIEIN 16.3%. 26.1%- 23.9%, AHL 2015 4T K7 520 BN 15.8%-
25.7%- 23.7%. (HUFEFFILHEIXF] 150%0F, oK. DNEPEHITRERES, iR R ae2 kA
FEFFIE ISR, TS SE R SEYI 780, M4 FoKRGIEIRE « /B4 KA R i g,
TSR A K R P B T R o EL AR B PR 75 B 3k — 3B 08 AIE 70 AT o

3.2. FEFHEARX 020 cm TEHREN RS ENEI

TIAHUR SRR TR EEN R R R R TASSEKER, EEEKAHIE
o mE 1 PTUE R, FFAFCHEE M B NUR SR, SXTREMLE, S0%MEFTIEH . 100%F 8 H |
150%F% FT4 H AL FR A8 2 3 HLE 20 B8 0 0.02. 0.04. 0.03 gkg. ZSHTRE, SAiZ &R FTE HAE 3
T IR, I T A R R MU TR M R, DR e T R LR R [19]. A&
WIS PR FTIE HOESL AR FE T 4, MGEREEHE RS FRE e n T 3A HUm, (HIIEA R, X511
AHUR IS 2 — IR R R G

3.3. FBEFREAR 0~20 cm TR EFESEIET

4 B, FEFFEHEAERIN5E 0. S0, S0%MEFEH . 100%FEFFE H . 150%F5FF 8
FH A B A IR R 0 I 0 6.43 mg/kg. 9.00 mg/kg. 6.80 mg/kg, AbFEA A M BN 3.50
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Figure 1. Effect of returned-straw on 0 - 20 cm soil organic

E 1. FFHEEX 0~20 cm T ETIEBHR S EMFN

0-20cm 3T AH HLR & B (g/kg)

Table 4. Effect of returned-straw on soil nutrients

4. BT EX TIRFT SRR

Qb FR TR E (mg/kg) A 3 (mg/kg) A (mg/kg)
treatment available nitrogen available phosphorus available potassium
0ST 71.17+£135¢ 28.33+£251b 104.67 £2.31d
50%ST 77.60+£221b 31.83+2.12a 117.00 £4.36 b
100%ST 80.17+1.25a 3240+0.53 a 123.67 +6.66 a
150%ST 7797+3.02b 3170+ 1.35a 110.00 £9.54 ¢

i RAARFEVNG FRERIRZE B 5% E KT

mg/kg. 4.07 mg/kg. 3.37 mg/kg, ACFLIEHE AR AN 12.33 mg/kg. 19.00 mg/kg. 10.33 mg/kg.
JCHAE LR Ty, AAFREH ) LI TR AR S A BEALLE 2, XERTTEAERZNWITER
Ko 150%FEATIE H B3R 70 R 1 — AR RS, 0 TR A AT BE 2 X Dy i KRG AT FH 581 i A
BB 2 AR S SRR B 1 B IR .

3.4. FRFTEERT 0~20 cm TIRME VR ERIF I

% S5 B, SR E X RAIAE, 5S0%FREFFEH . 100%FEFHEH . 150%A5FFid H AL 1
AR RO I N 3.1 x 10 Mg 2.5 x 103 4Ng. 2.2 x 10° Mg, AbFR )38 B R BCR 2> B8N 2.0 x
10°4/gy 3.5 x 10° Mgy 0.5 x 10°4/g, ABER ) -3 2k B AR 22 B3N 1.3 x 107 Mg 1.9 x 107 4Mg.
1.7 x 10" A/go Rk, FEFFIEHRERE N T LA ki, SR R B A FE IO MR, b ik KR
BR, N RIEREY RIS IR, A LIRRAE MR IR 45 M 1F B 2 [20]

ARG AT DAE H, HIEMAEMAETRZ A HER . e ICH L, HIRMED
%, 150%FEFE HACSE 1) LIRFAE B EE FREES . TR TR E N, R34 0
53 LAy R PN A ML AETE, A A ) L3R R 2 0 SR AN 2, TRRAE Rl — B AR K~ RS FF
W H T2 (150%FFHE )2 3303 ON Tk s, 13 O/N Lhcfr, 3R Ras s R at s
YriGsh, RS SRR A YR LR R

3.5. BEFREAER 0~20 cm TIEEEE MRS
R S AT A TR R AR YR FE R, AR 6 B, FEATICH S, IR SR T
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Table 5. Effect of returned-straw on 0 - 20 cm soil microorganism amount

5. BT AXMHEDRME YR ENT N

yisii ANE/(x10° A>/g) FLH/(x10°1/g) TR /(<107 4M/g)
experiment design bacteria fungi actinomycetes
0ST 95+03a 59+05a 104+13a
50%ST 126+12b 79+1.0ab 11.7£2.0b
100%ST 120+0.5b 94+05b 123+1.6b
150%ST 11.7£09b 64+0.7a 121+08b

T RPAFE/NG FREOREFIE 5%50 5 KT

Table 6. Effect of returned-straw on 0 - 20 cm soil enzyme activity

% 6. FEFHEEXT 0~20 cm HIEEERISZN

fhgm I3 A o414 IR R
experiment design ug(gh)” mgNH;-N-g '-(24h) ! mgg '(24h)"
P g soil dehydrogenase soil urease soil acid phosphatase
0ST 131+02a 025+0.05a 2.54+0.10 a
50%ST 136+05a 0.34+0.02b 2.89+0.15b
100%ST 148+05b 0.45+0.04 ¢ 3.46+0.09 ¢
150%ST 146+0.7b 0.43+0.06 ¢ 350+0.14 ¢

T RPAFE/NG FREOREFIE 5%50 5 KT

W, SRS X RRAH L, S0%FEFFIEH . 100%A5FFE H \ 150% A5 Fad FH Ab 33 1 - 358 i S vt 1 40
AN 3.82%. 12.98%. 11.45%. FiFTid HARER S 1 gl S B s 1k, 70 5 B AT e A2 RO R AT I8 H
Retln LA HUR S EOLIE 1455, ARED A KSR T 78R BRI, 36T BB 1 R IE 8]

iR R R A B HE VMR R . HE 6 B, FAHEEGm 7 LIRS, SFEHACH
FHEL, S0%AEFFIE T 100%F5 FFHE H + 150%F5 FT-34 B AL B (1) 39 SR B £ 23 5039 00 0.09 mg NH4™-N-g™'-24
h™'. 0.20 mgNH4"-N-g 24 h™'\ 0.18 mgNH4 -N-g 24 h™', 1, DL 100%45FFid FH &b T fr) -1 598 il 1k
B

g A Tl T R e 1) v B e s L 3 P A LI 04 0 AR AL R AR DG e, REATIE B R T4 v I
FRPERRIRBVG 1, 30 L3RRS R 1A St SRR HAHLL, S0%FEFFEH . 100%F5FHEH . 150%F;
T340 T A0 B2 (1) - S8 B8 PR BTS2 23 70 3 I 12.99% - 36.22% 37.80%.

4. WHLE5%p

2013 4E 10 AR % 2014 4 6 HIRIE X /N K EA 291 mm, 2014 E 6 HE 2014 4 10 A%
X FKZERF/KE N 389 mm, 2014 4 10 A & 2015 4 6 AR X /NEZEREKE N 256 mm, 2015 4F 6 A&
2015 4 10 A5G X FoKFEKE R 354 mm, PU/NEZ-FREAET IS SE 0 BE /K 2338 680 mm. 610
mm, BRI X IEHR 535 mm MEPHEKEMRZ, & TWMFEKFER. FIERRB AL T, HENFFTE
H S BT FK IR R, MBI, WO %t - 5880 Ty 3a br B T3 W 2Ede bt 2 7 BRI (2 H .
AT A S S HF EA4ER . RRRSE SRR LA B WE2MWEFRICR, Mgl hgsgs
AERTFERRSEE, Er-EGRies, DIEPNRCEYIEER I, ISR, T LRSS
BHUBR IV FEAC TG 2, e RS PR B8 s RS PR 38 s SO s T IR RS, TR T R AT
M ESNEN, Btk EHEA PR TI3EFR R IR AR b 2 (AR B, A EAR .

W WEENE . HEE KR, EARRE T
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1) FEFFEHEBEIRBIEWF=R. S0%FEFEH . 100%FEFF 4 H . 150% 5 FFi4 FH b3 (1 /)N 32 77 e 1 i
5.3%~25.0%, FAKEIGE 15.8%~26.1%.

2) FBFEHE M RENR S LIBERF S EE. SO%RTILEH . 100%FEFHEH. 150%F5FFi8
FE AR 1) R 3R WL IR N 0.2~0.4 g/kg, ACFRM T IRORM A 320 HBER 3 IE 2 518 6.64~9.00
mg/kg. 3.37~4.07 mg/kg. 10.33~19.00 mg/kg.

3) R EHRYMIBMAEMPEEE. S0%MIT LM 100%FEFFEH . 150%F5 FFik H AbH ) 41
W B R TERBCRE S B 2.2 x 1084M/g~3.1 x 1084Mg. 0.5 x 10°4M/g~3.5 x 10°4M/g. 1.3 x 10’
MNg~1.9 x 10" 4M/g.

4) FEFFIE H IR B TIMBEIE M. S0%FEFTAE . 100%FEFFIE I L 150%FSFTF 4 FH Ab B 14 3438 it 06
JURE . TR 1 ol R ARG 1 20 ) 18 I 3.82%~12.98% 36.0%~80.0%- 12.99%~37.80%.

5) FEFTIE HAAERE H B BRAE 7 B A5 AT 10 H AR RE et AR ) K ARk, (BRI IR 45 R,
FAEE SRR . FEFRE RS 2, AU LRI SRS ER, 1 HAES S s A . Rtk
BEFARES, HUREATIE BB A I 100%F5FFE H .

e HE

WA AR B T AE BT 3 42 (2014QNMS 1) & SR (Pl e H AR “ Eh i b iR 2 1A 4k (e T
KA 5777 (2016CYIS05A01). AR 1L 238 @ TRL 4 2 %
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