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Effects of maize straw return on yield and soil nitrate accumulation in
different growth stages of winter wheat

LI Xiao, LI Ya-xin, ZHANG Juan-xia, HUANG Dong-lin, ZHENG Xian-feng, WANG Zhao-hui
( College of Natural Resources and Environment , Northwest A&F University , Yangling, Shaanxi 712100, China)

Abstract: Field experiments were carried out to investigate the combined effect of nitrogen (N) fertilization and
maize straw return on winter wheat yield and soil nitrate accumulation at different growth stages of wheat. Split plot design
was used in the experiment. The main treatments were straw return (N + S) and straw removal (S), and the subplot
treatments were five levels of N fertilizer application (N 0, 84, 168, 252 kg* hm~2 and 336 kg - hm~2). The results
showed that, wheat yield was decreased for maize straw return treatments when N rate was low, while they were increased
under high N rate, and increased 9.5% , 2.1% and 7.0% , 5.6% under 252 kg* hm ™2 and 336 kg'hm_2 , respective-
ly, compared with the maize straw removal treatments. The soil nitrate was mainly accumulated in 0 ~ 40 cm soil layer at
tillering stage of wheat, and the accumulation was increased for the straw return treatments when N rate was higher than
84 kg-hm™2. But at wheat re-greening stage, the soil nitrate accumulation in the 0 ~ 20 e¢m soil layer was decreased
compared with that at the tillering stage for both maize straw return and removal treatments. Meanwhile, straw return
treatments decreased it compared with straw removal treatments. The results of three-year-field experiment at Zhouzhi

county indicated that the soil nitrate accumulation in 0 ~2 m soil layers at wheat harvest was higher for the straw return
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treatments and it significantly increased by 43.49% for the non-nitrogen fertilization treatment compared to no straw re-

turn. The effects of straw return on wheat yield and soil nitrate accumulation were associated with N fertilization rate.

Straw return caused available N deficiency for wheat before the N top-dressing at re-greening stage when N rate was low,

resulting in lower wheat grain yield. Maize straw return lasting three years increased the soil nitrate accumulation in 0 ~

2 m soil layers at wheat harvesting stage, decreasing nitrate leaching.

Keywords: winter wheat; maize straw return; nitrogen fertilizer; nitrate; grain yield
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Note: Sl: with maize straw return; SO: without maize straw return.
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Fig.1 Combined effects of the straw return and nitrogen fertilization on grain yield of winter wheat
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Fig.2  The soil nitrate accumulation at tillering stage of winter wheat in Zhouzhi
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Fig.3  The soil nitrate accumulation at tillering stage of winter wheat in Wugong
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Table 1 The soil nitrate accumulation in 0 ~ 1 m soil profile

at tillering stage of winter wheat

JA 2 R
s Zhouzhi test field Wugong test field
Treatment

S0 S1 SO S1
NO 133cA 138dA 306bcA 260bA
N84 233bcA 220dA 371abcA 436aA
N168 298bA 411cA 284cA 297bA
N252 488aA 578bA 461aA 454aA
N336 523aA 703aB 402abA 460aA
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WG A F/ING FREFOR FOKF IR 22 5235 5% BE K, T,

Note: SO: without maize straw return; S1: with maize straw return.
Different capital letters in same row indicated differences among means of the
maize straw return to soil or not significant at the 5% level; Values followed
by different lowercases in a column were significant among means of N rates at

the 5% level. The same as below.
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Fig.4 The soil nitrate accumulation in re-greening stage of winter wheat in Zhouzhi
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Fig.5 The soil nitrate accumulation in re-greening stage of winter wheat in Wugong
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Table 2 The soil nitrate accumulation in 0 ~ 1 m soil profile

at re-greening stage of winter wheat

JA 2 R
Ak B Zhouzhi test field Wugong test field
Treatment
S0 S1 SO S1
NO 14dA 9dA 238cA 229¢A
N84 76dA 49dA 312bcA 262bcA
N168 182cA 158cA 306bcA 247cA
N252 292bA 276bA 368bA 393aA
N336 424aA 749aB 512aA 362abA
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Table 3 The soil nitrate accumulation amount after harvest in Zhouzhi
0~ 1 m I B 1~ 2 m -+ A R 0~2 m -+ 25 R
b3 0~ 1 m soil nitrate accumulation 1 ~2 m soil nitrate accumulation 0~ 2 m soil nitrate accumulation
Treatment
SO S1 S0 S1 S0 S1
NO 76¢B 109dA 86¢A 101cA 162dA 210dA
N84 149bcA 171dA 148bcA 154bcA 298cA 325¢A
N168 218bA 252cA 177bcA 141abcA 395¢cA 393cA
N252 445aA 494bA 143abA 181abA 588bA 692bA
N336 590aA 670aA 224aA 204aA 725aA 874aA
x4 RYEZNZURPELEHSERRE/ (kg-hm?)
Table 4 The soil nitrate accumulation amount after harvest in Wugong
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3 Wi TEA/NFSYEEW , th T/ BT AR KT s R R 3K
Wtk B IF HFSFE o8 A A E BRI AR
3.1 FEFFEHERRENZ/NEFERN FERARL A P, I 2 (0 ~ 40 em) LIRS R R
FEFFIE XN P2t s R B3 %, A ETE R A B o AR AT Id F A B0 i A R R AR Y

T, FEFF A AL A G R AE AT, 2 S BEW 0™,
Limon-Ortega LI 0 48 SR F W, S il S50 I A FF
I H A BE /N B 10. 8% , it AU R 75 ~ 300 kg
hm =27 0.7% ~ 10.2% ., RXMEZES) H i) iR 45
RN, FEFFA AL BN ZE B, /N2 7 B AR,
T FF 34 B Jiti 20 % 90, 180, 270 kg * hm~2 I 360
kg hm ™2 b B[R] i U 43 G 7 7.1% .8.4%
11.1% 1 10. 2% , 3iX 5 41255 ofF 53 245 5t SAf 0 o
SiG/NEETM AR S &, ERE AR
JIE 5 it R R AR, R A I AR B 4 E S A R
UG AR TR RS AL H . SR T HI/NZ R B
W SRR AN, Nz SRS S A I i %o A B A%
RIFI, AT RE S BU N BB AL, /N A4
HEMAR BN W™ . WA RIESE 1, #5778 1 AT L
W e AL HOIR R Y IR IR VR Bk
O, M AENE TR B, A R TN AR A RO
FORCEL TR 25 B A, XN AT B
BRI

3.0 REFHEERE R A A B
FEFF IR A I &N F NG TS A &
Bt RS 2 17 5 L b S B

AN 5 it R A A Ok, it AU BB (IR 84 kg
hm=2) , FEFF A AR B 5 R 16 A HR A A5 4 B AR
AR AR =S (5T 84 kg hm™?) ,
FRA AL RS S A R T AN AL 3 R 7
WikaE SR T, &N ERITR AR Z 2 A
FEIE fp i b2 B M 3 4, 3t
AEW,0~20 em HJZFEFFE H AL RS A R
PG T AL H AR R

KT WK AT FTE X S R BRI
] , AN [ A LA R R, A — (R B ) &5
A T 168 ke hm 20,0~ 1 m TR A
SHEYEET 1~2m 2, MK, FFHE [
SEHRAEAS W B AR A TR AT R IR A B
P REFEIR H AL BEAG F T 4 2 A0 245 R AT /N 32 W)
WSO 2 1 SRR, D/ L 1) 2 B A R s

ARG (R B S5 R R ,0 ~ 2 m Al
1~2m )2, Bk NO A HFEFFIA H fE TS A R
FURA 3 T AN H AL B ) fa 3o, H it UK 1
SRR AT A FHAh B R FH A B 25 R R AR T
o AEAT I FOGF - R A 2 B s e 7R [R) 2

A2



162 T2 X AR AT

o34 %

TERAE, W RERZ Z R W52, G s R K
AR AR R A . X T RE R B TR R —
MNP RN i A 7R BR SZ R A A B 1Pk
JETSE M A, J AT 8] | A 3 S A | A A R I PR X
XA BRI FZ o 2y E a6 i 426 iy 11
T e m e AT A 2 Bl i, X g 5]k
PSR ] - B S AR E R EE R Z
— o TET RO KRG A B2 7R R RN R
fili b XPARSAT 202F A 4 A L BB R0 30 em
FEA AR R RIS BT 45 R
R AN T/ NEREFIARCR, Wb T
0 ~200 em -z T EF THH A AR B i o

4 45 ik

AT 4 FRS /N 7 i M SR S R B R L
PR O o it SR BRI, AR FH AR B/ 2 7
AR T RS AT AN A B it e e DU AR S G
FERY i T LIRS [R] I 75 22 i - S Y
AR, ARE T, /N B B AR A RS FRIE H AL
AN R AP T ANk AL, SIS ARk A
AT 2R BB, DT R s e /N
BT, REAT I LA B/ A R AR IR MR 1Y
RER A B v R S0, T B RS /S R
A, I Lt et AT P SR A 25 S B IR ,
FEIE AL AR T ANIE AL B, A AR IR FOR 2 /NAZ i
A A SRR BRI, A [ 3 4G
AN ATRE R TR R AR AT LRI AAL
T2 0 28 A7 5%, 1o 5 R R ) 2 A Y B

S % X #k:

[1] MalhiS'S, Lemke R. Tillage, crop residue and N fertilizer effects on
crop yield, nutrient uptake, soil quality and nitrous oxide gas emis-
sions in a second 4 — yr rotation cycle[ J]. Soil & Tillage Research,
2007,96(1 - 2) :269-283.

[2] ik IREEEE, B, &5 A TR KRS AL H xR 3 IE g
RANE PR ()] ) 57 S DR AR, 2010, 16(3) -
612-619.

[3] B4, XTI E ARG PEREE SR AT I8 T 0 1 B2k Wy B
BEFFIERO R[] . o [ A ARl 2441, 2005, 13(3) 1 130-132.

(4] wBHE, RARE, BT, 55 AN RFTIE FEX R R R
TSR W A Wy e A TR R [T ] AR BRI R A 24

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

2012,31(11):2192-2199.
Kumar K, Goh K M, Scott W R, et al. Effects of 15N-labeled crop
residues and management practices on subsequent winter wheat yields,
nitrogen benefits and recovery under field conditions[ J]. Agric Sei,
2001,136:35-53.
Tian G, Kang B T, Brunard L. Biological effect of plant residues with
contrasting chemical composition under humid tropical conditions, de-
composition and nutrient release[ J]. Soil Biol Biochem, 1993, (24):
1051-1060.
MU, TR, £ 5,55 R FRIBHE T SRR FT I o 2 W
TIEE LIRS TR EZm [T] . 0 AR RS2k , 2010, 21 :373-378.
sKOMS,BARTE, 4, SF R IE FX T R 2k T R X A
A SRAHE R R ()] b BRI A4, 2012,45(8) : 1513-1520.
PESCHR BURTE ok M, AF RS G T R R AR R
PEA LA S B PR 20 [T] . AO FREE R 24k, 2011,30(3) :
522-528.
TR, KA, B E B, 45 REFT I XA LA BT & A
RARFHERE I (] P EFRL ,2014,35(3)  17-21.
BRI FH 2R /N2 i ™ i R S A
[D]. Wtk : UL RARRI KA, 2014,
B 4, R, VAT, S5 RS FTIE FAR A I8 A O 4/
HZREM BB 1] AR 24, 2015,41(1) £ 160-167.
WS, BR R RERTIE RO 24 AL X /N AR A
HEREEE [J] . /R4, 2008,34(6) : 1014-1018.
F O RER, EWT, A R RIFRR A TORFE RIS F E
KRR T KRR L] B AR S Al 2 4k,
2012,20(3) :291-296.
2 HL TR AN, SF RFE I E RN & NER R
WSt B 7= B S (1], 22 28 1E 9 % 41, 2014, 34.(10)
1420-1425.
JESUARUA e ZR0T 5 PR DX RG A FH /22 A R RS T i 0 A
BRI [ D] A - TEALR AR R 2, 2013.
R, 2 AT RN R RIS S T - 1
BRI R[] A 5#H2,2005,11(25) :2901-2910.
HET ARG SR T AR O AN KR
I R SR BE RS2 [ D] A % < B AL ARARFL B R 27,2011
Limon-Ortega A, Sayre K D, Francis C A. Wheat and maize yields
in response to straw management and nitrogen under a bed planting
system[ J]. Agronomy Journal ,2000,92:295-302.
XA, K A, B, & RIIRATE BN H 20K o3 ia
BT RER B W [T RO B RL 7 224, 2012, 31
(9):1791-1798..
WO R I, BRET BRI &N /R K
AR & M L co, HEum & m (1], =
el ,2013,46(4) : 756-768.
FokAE, B S IR T R R AT HX i A R R
HIPENAL ] AR FFER 240, 2011,30(4) :697-703.



