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(LITIE AR B S IR S PR FE T, 7T RIS 210014; 2.5 54 KA IR SERBE RN 22252, TTJh B9AT 210095;
3 AP AN FRAVT T AR A H TSI = VE98 mAt 210014)

TE. AT X RERS I W 251 T an ] A B0 AR i 1k 150 8 H 1) 5 6 3, B7F 9 ARG 38 1 2% 1
TARMEAE(S) | HUMERE (FS) ﬁmeaféﬁ 5% A5 (MS) AL AL & 20% (RS ) 4 Ffib B AT & /N2 7k R &
FIFHEIRE W, 5K FS MS RS ZLFRARXT T S ZbFRYT AT i 248 i 4 /NGZ i, e 3 Rt AL 3 1 #1387 2
BRI 192% 232% 260% , SEBrrs= 4 A3 B3I T 321% 278% 333% ; RS Ak 3 AY AL WA FH 2 e 27
A P2 FIAH T FS A0 FRA B4 3 T 14 D 4385 4. 59 ke/ kgl 5. 80 kg/kg, T MS 4b 38 (1 I F WA E 5 FS
ABFRAR Y HEE A= R % AP I FRE T 2. 06 ke/kg; 76 1 AMEIAEK T | Rk i FBCHE RS BFEY = B
SRR AVRAR R TC G, £5A 4 BT AT A i X AT 2 A A e i = 8 A TR A LR R AR AR, RLRIIE
TEY = B I AR AR A B NE T B T e A 85 KU
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Effects of different fertilization management measures on soil nutrient,

winter wheat yield and nitrogen use efficiency under rice straw returning
ZHAO Ying', ZHOU Feng', LUO Jia-lin"*, ZHAO Ya-hui', WANG Ning', YU Jian-guang'*”

XUE Li-hong'?®, YANG Lin-zhang'”’
(L. Institute of Agricultural Resources and Environment, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China; 2. College of Resources and

b

Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China; 3.Key Laboratory for Agricultural Environment at the Lower Reach of the
Yangtze River Plain, Ministry of Agriculture and Rural Affairs, Nanjing 210014, China)

Abstract: In order to investigate how to apply fertilizer reasonably under the condition of rice straw returning to the
field in Jintan, a field experiment was conducted to study the effects of different fertilization management measures under
rice straw returning on winter wheat yield and nitrogen use efficiency. Four different treatments were designed under rice
straw returning: no fertilization (S) , application of chemical fertilizer (FS) , substitution of organic fertilizer nitrogen for

75% of chemical fertilizer nitrogen( MS) and reduction of chemical fertilizer by 20% ( RS) . The results showed that FS, MS

and RS treatments could significantly increase the yield of

Y B #3:2021-02-05

E&TE Atk Clolk) BHF L35 201503136) ; TL7 A 125
BHIFBE B9 H (2019K167)

TEEMN B F(1988-) 4 TLHRE 0 A ML BYRIBRSE bt | 1 while the actual yield improved by 321%, 278% and
N A G 3R R R A IR AL R BF ST, ( E-mail) 333%, respectively. Compared with FS, the apparent ni-

kathy-137@ 163.com trogen use efficiency, nitrogen agronomic efficiency and

winter wheat compared with S treatment. The theoretical

yield improved by 192%, 232% and 260%, respectively,

BRMEE : TADL, (E-mail) yujg@ jaas.ac.cn partial factor productivity of RS treatment increased by 14
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percentage points, 4.59 kg/kg and 5. 80 kg/kg, respectively. The apparent nitrogen use efficiency in MS was equivalent to

that in FS, but the nitrogen agronomic efficiency and partial factor productivity in MS decreased by 2.06 kg/kg. In one

growing season, the wheat yield after rice straw returning combined with fertilization was unrelated to the types and rates of

fertilizer. Overall, the reduction of chemical fertilizer or substitution of chemical fertilizer with low amount of organic fertiliz-

er in the early stage can be considered in this region to ensure crop yield and reduce environmental risks.

Key words: rice straw returning; organic fertilizer substitution; reduced fertilization; crop yield; nitrogen use efficiency

FERF A R 7= o R P R P , K 3
AR T TG 65 i B + B0 BIAL P B 475 +
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WPPEFE S AT DU R AT B0 BRI K
&4, KT, B IAEMRERF BUBR L (C/N) 8 3 RE
k560~ 80, /T HIEAY C/N, fEFEFF B0 H 1
WIS B | AT A S0 S 2 A I 2 A R A
U5 56 FASFFHO M RE T P A S A
S X AR 17 10 2 2 TR BL B W S T
RO LRI , FEAS R YR A FE 9 [ 24
A B P B

LB R RS A R v P 7= 1
RARTTEER N, AR5 & B, 4 48 LG
50 240 ke/hm® I ERSHE A /ARE 1 7= H 3 F42 7 EUIE
FIFHRS) | FF i FH G A L B 05 1 8 /8 5 7=
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A MBS P U 7 R B 35 IR, s 2 K 1
Il T K P RS R AR A B IR S i
A R HERA SO el A AR R R
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$ ., ATBFSEE AR, 76 KT U IR A e 1A
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FUIA AR AR 25> e K TT P T U X R 22
RIS AR FIRBLR AR K 035 5 F |, B AR ik S
AT 4 B0 R B A A T 3 S F e, A
I PR T 4 4 X T 5 R0, B 98 /1N
S 7 5k R 2R o R R 32 I 4% T A [ B
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1.1 iRIG AR
T 2018 4E 5 H & 2019 4F 6 HEIT AW

INTT 4 42 X MR B R (31°39745. 85"N, 119°24”
15.06"E ) #EAT, % Hi X AR F ¥ K 5 5 1 063.5
mm , A5 HR RN 15,3 °C, JR AL G 2 KU
HHE)Z e bt i an R . pH {58 5. 37, B A
O 132,97 me/ke, A AKBE AR 15. 83 me/kg, 1
WA RN 48,63 meg/kg, ARG E N 1.28 o/kg, A
PLBk & 5 14. 04 g/kg,
1.2 RIEigit

ARG I B 4 FPALER 235 R RERS A 4
AL (S) FEFS I A5 T8 U IE (FS) AEfs id
&0 A PUIEE AR 75% A4 AR A (MS) FIFEFS
W A FARAE 8 & 20% (RS) , BN Ab B 3 RE
8 HARA PR E W1, R 4 S RIX, R IX ]
FH A SR P SR ARUEE 7B, K IX A Al /N s P S0 43
B 3 HUNX A/ N X A TR 300~ 500 m?, /NAZ
(R T SO ALAHE , K RERS F T 2 AL b 4
WHT /N SRl R & 4 5 IRBGET ST Z KR
WOk, FEE 10 em Ze4y 3@ ICEID LK RS U1 RIS ~
10 em KB 5 S5 AL, SR T HUBERA 1 TR EE N
10~12 em, 2018 4F 11 H 2 H#EfT/NEREF, 54k
PRI 8 5 LR 1, o S AL 3G LIS H & R .
375.00 kg/hm? B 75 8 (L« W : #AH16: 18 8)
146. 55 kg/hm® JR 2 ; & 17 22 #EIE A9 A 5 2y 2 225. 00
ke/hmfit 77 I (& : B : 818 : 7: 10) . 120.00
kg/hm’JRZ . MS Ab 3 A FEAE H i 4. 93. 75 kg/hm?
B AE (A : B BoR16 ¢ 18 ¢ 8) . 146. 55 kg/hm’ JK
£ .2 250.00 kg/hm* G HLIE (5 R R 2%) , P15 2
FEAC[R] FS 4bFE, RS Ab BE A4 3 AE F & 4. 300. 00
kg/hm?fit 77 A8 (&« #% : #F b 160 181 8)  117.30
ke/hm* bR | #1522 B8 K 180. 00 kg/hm” it 77 it
(R : B 4818 : 7:10) .96.00 kg/hm’ JRE, F&
B/ N R Tt , 451 ZP R AR 2R 45 = 3 (3 A
Hfa)) B 2 TR ~ 2 em T B AR IR i
FH o BRE Bhiae o e Y s A H I
1.3 #HEHRESNE

TE/NFEPR AT (2019 43 H 25 H) A
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(2019 4% 4 H 25 H) Flciki (2019 46 H 2 H),
43 SR FH A R AR AR08 X OR 0~ 20 em #HZ
() ERE S AR AR BE & T RS RS, Bk
MRk 2 mm GRS, W E BT AE T 4 CUKF N,
I A W A e R = 58 o B 2 -k PR 4
24, SRJF R K, Cr, O, 1k 1k A 25 Bl b 2518
WO RE AR AR A S R A ML
(SOC) &% H,S0,-K, Cr, 0, 33 B2 5 5 4+
B4R (TN) & &R R e B I e /A I
- HER A (AN B R A HOE N i s £
AT RO (AP) B R AR BRI L kN e ;
B A (AK) & 5 R ARG EE T Bk
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75 CHET 2 E TR, B S R FHH,S0,-H, 0,75 T4 &
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Table 1 Treatments of experiment

i FH 4 (kg/hm?) ARy
AbsR —
N P05 K0 SaiE i
AHENE FEFSIAH (S) - - - _
HARRAIE FEFEIR H (FS) 225.00 8325 5250 0.57:043

FHHUBERAC 75% A3 AN0A . 225.00 8325 5250 0.57:043
FERSIAH (MS)

i (20% ) HARAL FEFE H (RS)

180.00 66.60 42.00 0.57:043

1.4 HIEAIE

RIEFWAIFHZ (%) AL F R (ke/kg)
FRNERAE ™ 1 (kg/ k) PRS- BIUTF

FRUIE I FH % = (i 20 X W e - e A X

) /A X 100% ;
FAE A 2 B FH R = (i & X 7= 5 - A X =
) /it A

FAEARAE 7= 77 = it & X =/ R

IR HE K ] Excel 2016 F1 SPSS 19.0 #4774k
S HT, BIEZ: 612K H] Origin 2018, W MRS
1% % JH Duncan’ s K556

2 ER550r

21 AEHEIEEEEENZES T IEVFE RN
Wk 2 pron, /ANERTTI S FS . MS il RS 43

(B 7E 398 LR A 500 AN 5 8P B i R W
225 7E FS MS bR NER T R 2R A
AL RS, LR 52 (P<0.05),
{H¥4 5 S RS Ab3A] TG i 35 25 5 FS MS FI RS 4b3
A A S R T S Ab B H RS 5 H A b B
)25 AN FS MS AbFE I 5385 T S b3 ( P<
0.05) , 7E/NEIMBEI 4 DAL FAE + A DLIR 3
AR B LRI 22 5 (R AE R B R R R
T FMERARE, Hd FS RS ALBERA LK
FEEEST S MS A (P<0.05) ; RS 4B A 3
RS R B AT HoAth 3 NP (P<0.05) , FE/D
27 UM 4 A AbBRAE 3 B | 0 A Z20 R R A5
Friw B RA T AL, o R LR S R
g FS AbFE(16.45 g/kg) =MS &L (16.72 g/kg) >
RS AL H (15.28 g/kg) =S ALF(15.34 g/kg) , B fift
RO SR FS MS Al RS 4b 3 i 2
T S ALFE(P<0.05) , Hiv FS A3 1 ik fiff 2 75 2 A
(70,15 mg/kg) , T MS &b B () 18 5% B0 5 5 de e
(82.89 mg/kg)
22 ARAEESEEENNETEREDEDE
. RSENFI

mE 1 LUE S, B A R R R
TR I B A I A S T R R A, T
PR H] A, 4 Fh Ak B 0] A 8 G A ) AR ) R
(SMBC) & &G % 22 5, M 76 U, RS Ab B
SMBC & WL Z KT S MS 43 (P<0.05) ; 7E 1k
T R FS MS FI RS &b BE % + 5 A B

WA (SMBN) & & ¥ 8 # & T S M (P<

0.05) ,{H FS MS R Ab P [H) JC & 3 22 5 , 78 i A5
ANFE AL BB SMBN R B EZR ., L5600
AL, AR R A B SMBC 35 1 1) 52 i) = 2 4R B 78
ABIEI, X SMBN & & (14 52 Wi W) AR 3 78 A= &
[EORE G
23 ARAEESEEEENNEFEREMBREER
SopAG!

t & 2 W LLE L FERERS A AR T AR RE A%
W E RSN N EES P R (P<0. 05) , HAEBR = Al
AR, (/N2 L F= 5 7E FS . MS RS 3 Fjiti
R EZ I LR EEZS, 5 S AL,
FS MS Fl1 RS 4b P B8 7= 1 43 B35 T 192% |
2329% Fll 260% ( P<0.05) , FZ R 7= 5 0 43 51 34 0 1
321% 278% H1 333% .,
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Table 2 Effects of different fertilization management measures on soil chemical properties under rice straw returning

o2 b3 AR Eor- e e SR AR AL i
(g/'kg) (g'kg) (mg/kg) (mg/kg) (mg/kg)
WA S 14.55£0.61a 1.74+0.05ab 53.53£2.12b 12.072.66a 60.50+3.90a
FS 15.61£0.90a 1.63+0.08b 67.38+8.11a 14.60+0.36a 62.17+1.04a
MS 15.6420.16a 1.81+0.09a 68.30+3.66a 13.930.68a 61.94+1.33a
RS 14.8420.69a 1.73+0.05ab 62.07+6.85ab 14.4120.51a 60.84+8.97a
s S 14.64+0.36b 1.73+0.20a 55.38+8.11a 11.84+1.96a 48.14£3.19a
FS 16.05+0.30a 1.8220.01a 59.99+4.15a 14.64%1.35a 45.1246.57a
MS 15.050.43b 1.75+0.06a 59.99+0.00a 13.8022.26a 44.56+6.58a
RS 15.770.43a 1.6520.17a 52.61+0.80a 14.18+1.29a 31.87+0.13b
B S 15.34£0.48b 1.62+0.09a 55.38+6.24c¢ 12.66+2.25a 51.63+6.28¢
FS 16.45+0.41a 1.760.03a 70.15+0.80a 13.74+3.45a 70.29+4.80b
MS 16.72+0.48a 1.80%0.11a 63.6922.12b 15.36+2.89% 82.89+8.98a
RS 15.28+0.44b 1.700.07a 62.3020.80b 15.60+1.45a 70.57+2.89h

[l —4: F A R R AL BR [ 35 A AN F NG ERE R R 22 5 B35 (P<0.05) . S.FS.MS RS L% 1,

a

600 b 2
k : o
o 500 a a I b
é,) 400F 3, a
g 300
S 200¢
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0 — —
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701
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féf 40+
z 30
m
> 201
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10+
0

Eijif e gl
A H

JS; 3 FS; mm MS; Bl RS
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Fig.1
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Effects of different fertilization management measures on soil microbial biomass carbon (SMBC) and soil microbial biomass nitro-

gen (SMBN) under rice straw returning
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Fig.2 Effects of different fertilization management measures on

wheat yield under rice straw returning

gkl

H 3R 3 AT LR 4 b BRAE A S5O A iy 22
S TEG T B i I Ak 34 B 2 4 /s
2 B R RERLEOR TORL BT i (P<0.05) , 7 3 At JiE
AbERR  MS KB )RR RO BUE T FS AbHE(P<
0.05) ,fH5 RS Ab¥ ] 2 5 AN 1 3 5 3 i N Ak 34 1)
TR TR 25
24 AEMEREREEETNERZRESH AKZm

Hi 1 3 T LV FERE RS IO AR PF N IR RE 68
3 4 RS AT R ORI AR B R (P<
0.05), 5 S AbFAIH,FS MS Al RS kb A H5 AT %
KRR A0 T 10. 96 kg/hm* 12. 30 kg/hm’
1 15. 63 kg/hm®, MiFFRLZ R A S 12 0 43 5038 n 1
57. 80 kg/hm* .73. 30 kg/hm’ 1 60. 82 kg/hm* , {HJ&



A RN FERG I N AN R S A SRR X SR 4y A /N P i R RIS R 2R 1 5 1171

X 3 FEHCAL BE 2 [ 7R RS AT AR AR i AR AR
MERE PR AREESR

£3 BESHATARKREEERES-EMKERENZM

Table 3 Effects of different fertilization management measures on

yield components under rice straw returning

AR REEL R TR
puse] i ) o
(x10*,1 hm?) (kL) (g)
S 452.23+62.26a 10.11£0.75¢ 36.92+2.53b
FS 490.91%49.39a 22.93+4.17b 41.64+1.67a
MS 406.87+12.86a 31.99+4.67a 41.09+0.38a
RS 482.91+64.82a 28.93+2.11ab 41.56+0.98a

7] —FEG 4 5 A [F] Ak B 8] bR A A TR /N B R 22 7 i # (P<
0.05), S.FS.MS RS W% 1,

o 35
£ ot a a i
on
T\EH/ 25+
il
w207
= 15 b
& L
o0
£ St
e
S FS MS RS
ol

i 4 AT LUE RS AbH A EUIE 2 0] FH 2540
AL FS MS ZbFE 14 4~ 13 A S AL, RS AR
BICA AR B L FS MS 23S 4. 59 ke/kg .
6. 65 kg/kg, FHATERGRE I H A AF T, v it FH AL AE
HAEHE LTS, 75 RS BT, ZACLRAE ™
F13 5 FS MS AbFRE 5. 80 kg/kg. 7. 86 kg/kg, #
A E RS RS I A5 1 TR AL B 1 kg RERH A BEAS
FEAE T Z AR R I Ah, FS O MS &b B ] Y AU
FMANFHHR 2 SR B FS b 3 E R A4 2 )

AR RN 2B 7 S I R T MS AbBE,

T Mor g a
< 120f a )
& 100F
e SO
4455 601
i l b
40
= 20F
20
S FS MS RS
Ab 7

AFEFE;BoFRRL, [ —38 AR R AR BRI ARE A F/NE PR RN 22 5 83 (P<0.05) , S.FS.MS RS L% 1,

3 BHRIEETAREESEEENNAANERERRENHMN

Fig.3 Effects of different fertilization management measures on nitrogen accumulation of wheat in the maturity stage under rice straw re-

turning
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Table 4 Effects of different fertilization management measures on

nitrogen use efficiency of wheat under rice straw returning

prgg FUCHRAUAR RURASERAE R
(%) (kg/kg) (kg/kg)
FS 31 15.50 20.33
MS 32 13.44 18.27
RS 45 20.09 26.13

FS.MS.RS WL 1,

3 0
HE/NGE BRI 2 — B RV R X, 2 4
Tyt 2R R 3E 220 ~ 250 kg/hm? , 111 VE 4 4 AUIE 24 2=
FIFHZAL F30% ~ 40% 1) AR Fy—FhAE 3 4% b 7]
FREE & R A S48 B Bt , RS AT FEAR H 2597,
SRIMABRE A C/N W KT 25, i A 3585 76 50 g )
W5 BT A B Y R AL, 15 - 84 4L
AR EPEAC, & e 2 R s A KA R,
SEMVEY T R, R RS FE AR A A 30

B, A MRHBCHE A BB /N 22 1 EIE R 5 Of:
LA 00 A0 R} e LA 8 7 A S A g 4
B ERRB R FMET, SAMEAARE(S) H
L, FS MS RS 4b 3 ¥ figas i 2 4 = /N 22 B 7 o
FSPRy=h, SSTMGAE BFoE & B, AR TREFFAS
W AT FH s RIS T LA S
P4 R TR RS =5, B 2 0k, e AR IR i
AR AL D TR FF 2 |, EE A F
Je B - e AR 0 A5 B4R =, DA S 38 7= AR
FIFHR RS B T 5, AW fE/NE T
i), AEAS A FEL G A RS A9 SMBN 25t AH X
FHENE A A T B 42 i , e AR RS FHid A3
ISR S YR R 5 DR i
JE e 3 i 2 B AR A AR A FEELA T Y
A FWRERS A e it AR fE 0 PR IE + 8 2R
(LR | 22 ff RS FT 43 fR ) 101 - A W M R R T oK
XHEYI A K BB AT R s ), o 1 3 v /N 22 19l
REEL TR, 3] REJEFS AT A H BCHE AL RS /N22
W= RRZ —
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SR, FEARBIEFE b, RS 3 F 50 T 8 R AE
AHUNEERE 75% b RN A AL 20%3 F
Ab BN /INAZ P A RO T e 22 5 . AT HLIE Y
Ry B A W v R AR R R P IR T AR
AEAERG T (440 3 B B JC i PR L&KL, Shah 212
It 2 AR I B, A HUIE ALY Hoh 25% 0, 1
Yrnl At i, AR 30 AR R A
HL TCHLIE ECAEC 0 & B, 72050 0T A B B, IR A
HUIEECHEALEE (70% L IE A +30% A HLIER) 1K FS
FUA B S R RS AR B B, Bl A LI i
FHLCEI 3, 7= i 20 2R R A, ARBF5ETh
HHUERCALBE (25% L IE R +75% B HLER) J& F
T, 5 A AT A B L = RIS
JE AT BE SR AE SRS AT 1 Zia o A 00 0% 2 0 2% 1
T AR TR ) A A Re AR AU AT MLAE T
&, R REAS BT Sy 325 (R AL R 47, BEAE S B b
Fo ARG AR 20 ik i O B R B 3R RS AL TR
WEAED A K BT Re 5 i HLAR R He 451 = D) 3% B AL e
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e G AL S5 20 A X VE Y 37 20 W= A AR
W] | BRI v B B8 A ATLRE R A 2N B 114 55 434 i
T T 7= 1 B A R AN H R L S 3, (F
WRRFEARAA VUL I SEAT RS T & B2 W, Bl A A
BLYPEE o3, - 4ERE AR 2k — 48 T A PR D
A N B e 2 S VN1 B Bl = S R £
AN A58 I8 K BR, FE SRS 148 FH A4 ) A 1 o A At P
S AR E R S A A LR AR 75% TR I8 X
2 ot S A R T 7 O AR 2 /N2 93X T fig
—J7 TSR FE RS 43 A BT R L 1% 5% 3 e A R it 1) £
JIE Ry /INFZ g A BRI R 4 T 55— T T e B Ak
IS 4 it IS 487 B e e b T AR IE (3R 40 ) S R
UEAN  VE 7 e B TR R 5ORN T o 22 1]
IPME, BRFSE & B, 38 Bt R R A A
ANFEIBTREERE ST, NI ORUIE /N 22 5 358 s i Rk
RO TR0 B, B /N2 P i 20 i o e I R
FI /N ZE 8 v o] s M b 1) R i BT LAAE
ARWFFELAET , /INAZ Dol e i I I P SRR | AR
ORI T4 o HE 5 R 0t A A BERH EE AR 22001, A
SR /INE 7 i 2 A A U A i T o 5 A
FHC HRTE 20, PR T L 7E 4 4 b XS FF 38 H
IZE T, AR B 209% BE S AR UE /N 22 7= i | [R] s
A N

TR AR it A XoF A 40 2 28 WSO T Y
AR, I S 0 A FE R AT A A4 () B it 2 AE
(2T, 3 R A I = T R E A Rk, A
1113 7K R Xt SR 2R I R R LA DA B iR 4 R A
A KRR 1 i T A D i T 2 A il T A 5 42
o, TG T AR R X R0 A, S 250 A
by BT B AL ECRE ) AE 1A RS AT A R
RIEIRWD T RHE IR, IR BRI 3 & A F T4
INERTE RN, FEABESE T, 5 R i L A
LU, PR R D i A B A ZRURE 2 LRI 336 A 24 FH 32 1
A= 7100 I T 14 A H 4 4. 4.59 kg/kg FI
5. 80 kg/kg, X5 5 345 5 (AR ST 45—, HFSE
BRI, FER VLA Ui A 22 FAF A 2 2ok 1 it U 1 1
T8 1 AFAE R AE 24 o 2T B IE (/22 EUIE
oM 225 ke/hm?) (AL Ui 20% ~ 30% & 7T A
REMA =i T L RE A B i AUIE S 2R R 24
REARAETETT . EARDEFE T, Ul e AT 2K R A
UE A 3K TR o B A B, LA 5 i A 4 M 3 1Y)
KRR, Hore i Ie &0 0 i 15 ol T 2R HRCR T
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ARWFFA R 1 EY AR AR E5 R, e
JIRE AR B 2R A A [R] it S A5 B 5 it X = 398 5% 40
YEYHER R 22 R AT, Fik, 8 T4
FIHE MR S5, JE—20 T it 4 15 1 X RS H5 34 H
ZF T W] BE it AE LA RE PRUE /N 22 7= 2 I Il e R b
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