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Effects of combined maize straw and N application on
soil nitrogen surplus amount and yield of winter wheat
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Hefei 230031, China)

Abstract : [ Objectives] In this paper, influence of straw incorporation and N application rates on wheat yield, soil

NO; -N accumulation, nitrogen surplus amount and nitrogen use efficiencies was systematically studied to explicit

the optimum nitrogen application rate under straw incorporation conditions in lime concretion black soil based on

data from a four year experiment in Mengcheng City, Anhui Province. [ Methods] A split field trial with two

factors of straw and N fertilizer was carried out. The main plot was straw treatment, designed as straw incorporation

and straw cleaning up. Each main treatment was composed of 6 levels of N application amount; 0, 162.0, 202. 5,
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243.0, 283.5 and 324. 0 kg/hm’. The soil NO; -N contents, winter wheat yields and N contents in wheat grains
were determined, the apparent surplus of nitrogen in soil during winter wheat growth period, nitrogen fertilizer use
efficiency and the relationship between nitrogen surplus and soil nitrate nitrogen accumulation were analyzed, and
the appropriate amount of nitrogen fertilizer in winter wheat growth season was explored under the straw returned to
soils. [ Results] Compared to the straw cleaning up, the wheat yields in the four years under the straw
incorporation were increased by 365-844 kg/hm’, with the increased rates of 4. 2%-9.3% , especially for the N
application rate of 243.0 kg/hm’, its yield was as high as 9858 kg/hm’.

incorporation could significantly increase soil NO; -N accumulation at 0-60 cm soil depth in the whole growth

The N treatments under the straw

period of wheat, while under the no straw incorporation, the NO, -N accumulation was related to N fertilizer
application rates, the soil NO; -N accumulation was increased by 19. 8%—28. 6% when the N fertilizer application
rates exceed 243.0 kg/hm’. The wheat plant N accumulation from sowing to jointing stage was increased by N
fertilizations, and the increases were positively dependent on the ratio of basal N fertilization. The nitrogen
applications significantly increase nitrogen surplus in the soil profiles of 0-60 c¢m. The soil NO; -N accumulations
under straw incorporation and cleaning up will increase respectively 74. 2 and 91. 4 kg/hm’ for every 100 kg/hm” of
soil N surplus. At the same N fertilizer application levels, there are no obvious differences in the stage N absorption
and accumulation of wheat plant, soil NO; -N accumulation and soil N surplus with straw incorporation or cleaning
up. A combination of straw returning and N fertilizer applications increases N agronomic efficiency, plant N
recovery efficiency and grain recovery efficiency, especially the basal and jointing fertilizer N use efficiencies at the
high N application rates are significantly higher than the single nitrogen treatments, but the results were on the
contrary under the single low N application rates. Significant differences in the N harvest indices do not exist among
the N treatments and between the straw incorporation and cleaning up at the same N fertilizer application rates,
which indicates that effects of the straw returning and N fertilizer application levels on N absorption and
transportation of wheat plant are not significantly different. The apparent N recovery is decreased with the increase
of the N fertilizer application rate, and is significantly higher in the basal fertilizer than that in the jointing
fertilizer. [ Conclusions] The main effect of combined straw incorporation with N application in increasing yield
and N fertilizer efficiencies is due to the high soil NO; -N accumulations in soil depth of 0-60 c¢m, which provides
a stable application of N nutrition during the whole growth stage of wheat. Comprehensively, the optimum N
application rates for winter wheat are from N 202. 5 to 243. 0 kg/hm’ under the total maize straw incorporation

Key words: straw incorporation; nitrogen application rate; nitrogen surplus amount; nitrogen use efficiency;

winter wheat
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1R ik

1.1 I XHR

IREE T 2008 — 2012 4FBEFE LA S A
BT, B o P 22 -+ 0—20 em - 257
Syl RHECAPLT 14.24 g/kg, A FHE 1.0
g/kg, TR 57. 8 mg/ke, BBES 0.7 g/ke, 15K
W 21. 6 mg/kg, HAAH 197.5 mg/kg, fik/NE i
PR 2 22, FOK SR A S 5 958
1.2 R@igit

TRIG R FH A X BT, B Rt A4 FH it 20 12 7 R

Ko HAREFF A E X, FRFEF R RS H (S)
FBER(R) PR 72X, R FFA [ 12000 kg/hm® 5 2
JIE it I Sk i DX, B 6 AR B i N 52 0,162.0
202.5, 243.0, 283.5.324.0 kg/hm’, 43 %I Ff§ NO .
N1 N2 N3 N4 N5 7R, BUCTHE A & W% 1w,
N TR AL, 35 L 55 045, P,05 K, 0 4Fjif
FH+ 4 180 kg/hm* 180 kg/hm” , [ NO( X} HE) Z 4,
AR RNE AL PRyt FH B IE , Hoi A — 2%, 376/
AP — PR, /N 10 H ep g A, /N X T
Fl21.6 m? BEHLHES] 3 IRE R .

*1 FELEERE(N kg/hm’)

Table 1 N application amounts under different treatments

FEFFIR H Straw returning

FEFTALI Straw removal

Triiim Vi A S IR IR L
Total amount Basal amount Topdressing Total amount Basal amount Topdressing

NO 0 0 0 0 0 0
N1 162.0 89. 1 72.9 162.0 89.1 72.9
N2 202.5 111. 4 91.1 202.5 111.4 91.1
N3 243.0 133.7 109.3 243.0 133.7 109.3
N4 283.5 155.9 127.6 283.5 155.9 127.6
N5 324.0 178.2 145.8 324.0 178.2 145.8

1.3 HEBRESMNES %

S3 N TARAIRT FACT I B LL 20 em y—)203
3 JZH0—60 em 1bE, BRSO 2 SRR G
B, ARG U k™ BB A i DR AT T 4°C KA
Hd d 2SS ZECR ] 2 mol/L KCI &%
2, AR (220 nm 275 nm) EET

TERAE 1S4 0 1 (] B JBU b, b S5 A% ) i 20
RO A ZE) |, B AR 7R 105°C F R 7 30 min
5,70 CH T RIEFEARE , IFA M EA T E . A
FyWESE H,80,~H,0, 142 2 Gl UL IR E 205 D E
MR AR SR . N SR NX
L4 EAE

A% F£ WM Z = & (apparent nitrogen surplus
amount) = ( HIELHLE AL I B + fER & + 1%
REME) - (P A E & + (Y RA
o+ T A Y EE M IER) = (HIETHLE R
AR AR - (RIETHLAGRE & + YR
)™

TH KR & FR 2 i ( nitrogen accumulation amount,

NAA) = fipk T x bR & A

AHE AR 2 % Z ( nitrogen agronomic efficiency,
NAE) = (Jifa 28 DXFFRL ™ i — AN it 280 IXORFRL ™ ) /
i

A8 X (nitrogen harvest index, NHI) =
R AR R/ R BRI R

i ¥ A PR A W A T #€ (plant nitrogen
recovery efficiency, PRE) = (Jifa (B X b _E 5543 & X
Rt - A AL X B AR AR R ) /it A
x100% " ;

FFRE 58 A W A 2R ((grain nitrogen recovery
efficiency ,GRE) = (Jifi &L X ¥R AR R i - Al
AL AR AR ) /A i x 100% 5

B 2= W 5] Jie & (apparent nitrogen recovery
efficiency, NRE) = (Jifi ZUIE XA R AL R & - At
RIE XA R &) /A 5 x 100%

L5 HESH

IR I B s R F SPSS 16. 0 Fll Excel 2003 4k {43

TR FRFIFE L
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2 iR 50th
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FEFFIE H Straw returning

-(243. 0 kg/hm?) il 7= B e i, 4 9858 kg/hm’ ; 1iij
FEFFREIR 251 T N4(283. 5 kg/hm?) {7 ik 5 , 36
9344 kg/hm® | i & = 5 # 5. 5% o HIHLFSFAAS IR,
FEFF 38 H AE N2 (202.5 kg/hm®) N3, N4 I N5
(324.0 kg/hm* ) it UK F /N2 7= o b 48, 4
R 365 844 409 F1 792 kg/hm® | 14 7= Z 43 51|y
4.2% 9.3% 4. 4% F18. 9% ,N3 kb FH [t 3 i 55t 755 o

NO N1 N2 N3 N4 N5

FEFF %54 Straw removal

E1 2011 —2012 ERRLEBH/NEFE
Fig.1 Yields of winter wheat in the cropping year 2011-2012 under different treatments
[ (Note) ; [A—FEFFAEFRTT T , AN R)/ING FhEFR R AL A 22 535 5] 0. 05 5 3 /K Different letters indicate significant among different

treatments under the same straw treatment method at the 0. 05 level. ]

2.2 WHIFCHREREXN TIEHESEERNZN

M 2 af LA Y, B RUOIE 5 i 14, RS AT
i FH RIS FERS B Ak BAE /N 22 B A Al FLOIR f 133851
S AR RE S RIS, A& gT,
0—60 cm )72 Y 1= A A5 AU /N 22 WOIR I 3476 b iy
TR, AR R AL BN R R R R TR
BRAL B, 435 A 101. 3% F148. 4% , T3 T8 H
FEAF B2 fRTH AR T — o 1 AT R RS AT ik
et A 7] 2 7K, NO (N Ab 381/ N2 Wik fe - 48 )
A AS AT 34 & 5 i & BRAIG, T N2 N3 (N4 1 NS
AL TR S, Ak B R) 25 S S AT RS R PR
JE, BR NO 4b#Z A, N1 N2 N3 N4 FI N5 4b3i/NA2
WK R A A AT 28 2 THRE R T .
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~80.9 kg/hm’ 10. 0 —79. 0 kg/hm” F12.9 —63. 6
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TR RIS A R BVER T [ ,40—60 cm $4 18 1001
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RELET 0—60 cm + ERERE T IEMSEN R (kg/hm®)

Table 2 NO; -N accumulation in soil profile at different depths under straw incorporation and nitrogen application rates

A AL JipgEaing ] +J2(cm) FHEALHE N fertilizer treatment

Treatment Sampling stage Soil depth NO N1 N2 N3 N4 N5
g JBFIHT Before planting  0—20  26.9 aD  38.3 aC  41.3bC  59.9aB  67.9aA  57.1 dB
Straw returning 20—40 22.0bE  27.5bD 38.0cC  48.3bB  37.4dC  69.0 bA
40—60  2.9dE  12.6dD 17.5eC  15.9dC 28.2eB  53.6 dA

WeHit5 After harvest  0—20  12.0 ¢cF 26.7bE  56.7 aC  48.3bD  64.2bB  80.9 aA

20—40 10.0cE  17.5¢D  36.0 cC  38.3cC  47.4 B 79.0 aA

40—60  2.9dE  27.6bC 22.5dD 45.9bB 48.2¢B  63.6 cA

FEFT RS BR &P Before planting  0—20  24.49 aD  30.4 aC  33.9aC  37.5bC  39.2dB  42.3 eA
Straw removal 2040 16.14bE 26.0bD 35.4aC  32.8¢cC  47.1c¢B  71.2 cA
40—60 10.54cD 12.8 eC  22.1¢cC  38.6bB 24.7fC  49.4 dA

WeHit5 After harvest ~ 0—20  12.79 ¢cF 22.6 cE  29.0bD  44.9 aC  55.5 aB  84.4 aA
2040  10.14¢D 16.0 eC  35.5aC  37.2bC  53.1bB  80.2 bA

40—60 11.5cE  19.8dD  29.1bC  31.6cC  34.7e¢B  69.4 cA

T (Note) « [F]—FEFTALTE | ] — SN B 5 AN R /NG PR R A ] 42 ] 22 5355 0. 05 /KK, [ — A7 80lii Ja AN R) RS 5B e b Bl ) 22

$3K0. 05 7K Values followed by different small letters in the same column indicate significantly different at the 0. 05 probability level, and values

followed by different capital letters in the same row are significantly different among different treatments under the same straw treatment method at the 0. 05

probability level.

B N3 AR PR T H A Al RO,
T 34 FH T it 52U -5 B SRUIE AR /N 22 452 77 B BA
AR R MERAHE BB ULARE TET

BERR,
2.4 KHARBFTEHMEENZNERBFHALE
sEAl

H13% 4 AT LAFE Y, i 040 BE Y R AR 2
i AN SRR B it 2 P 38 i Ak B ) G
ZE 5% AR 2R 1 B0 T, Rl A ade P E it 200 40 2 it
FUIETRI IR JC 2. 25 22 5t , A WARS Rk L ANAS ] 114 it 2
KRS /N AR R R 152 A R E I . R
HEA ~F 303 AR R SOR T3 0 3l B e 1 EUAE X
R i AR R BTk . BB A R0
AR R SR IR AR T 38 OFF L SN IR RO T 3 2
Wl 0 ) S A o R IR SR A
R FBCHE 28008 7T 42 Lk SO A R 4 1
PifE

RUIE SR IENSCRFIA ] A 7 B Be UL UL [
WPeRIRBEH AR (2 4) o S RIELL L], 575

SR I A B ROUR 1] 5 23 k2 e AT B )
(AT MBS UL eI i, L34y e A AR 42 TS 1 385 o
T4 T R S AN A AR 3], NT N2 T N3 K
TAE LRI 25 T 46 AR 20 BT I 3T 2
1) [RS8 I 3 1 T R A 3 TR it U IS A B i
N4 F1 N5 7K 728 Ak R 350 S 5 5 3R 08 i % . 3
PR BE I 3G AN R B SRR R i A R A
e AR AL B 65 AT 3 FH AC it 280 18 %o 25 JIES AR 7 IS 1) )
PR 25 5 T B R0 5 e e e A AT g b 3 7 L
JIE 6T B A A 1 ) P 3R Ay, X 2 R Y
FEFF IR o i e LM FE — E B AR A K.
2.5 RHRZBEREITEFIEHSEREEN
XE

Bl A B+ 3 R R B s, + 4% 0—60
em FIEAR R AR S W23 0. H 1= H 5 # AT
L, R E R AR 100. 0 kg/hm® ,0—60 cm
S TR A R AR R R A I FH Tt U R B
FEA3 5138 74. 2 F191. 4 kg/hm” , Bt A () 3%
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Table 3 Effect of the straw incorporation and nitrogen application on nitrogen surplus amount
at 0 —60 cm in growth stages of winter wheat
b B BhrR
- A it N NI NN N4 N5
Treatment  Growth stage Index
FEFT % f — I jifa&(iE Nitrogen rate 0 89.1 111.4 133.6 155.9 178.2
& i A RS Bt Initial NO; -N 3.9 553 65.4  68.7 79.1  92.7
Straw Sowing to
. - AR A Z L ZEE N accumulation 19.0c 62.0b 63.6b 65.0b 70.5b 85.6 a
returning  jointing stage
A AFR B Bt Residual NO; -N- 30.9d 55.3 ¢ 65.4bc 75.3b 77.0b  103.8 a
R ZE K5 & Apparent N surplus -19.0e 27.1d 47.8c¢c 48.6c¢c 855a 68.4 b
W~ 3y i & Nitrogen rate 0 72.9 91.1 109.4 127.6 145.8
Jointing to R A Z B N accumulation 38.0d 88.7b 87.6b 104.4a 92.0b 77.7c
maturity stage . R ) ~
Y25 (5% B 215 Residual NO; -N 13.9e 26.7d 57.7bc 48.3¢ 64.2b  81.9a
RAZH 5 & Apparent N surplus -21.0d 12.8¢ 11.2c¢ 32.0b 48.3b 90.0 a
TR 1L Net N mineralization 39.9 39.9 40.0 39.9 39.9 39.9
T~ iady]  /NER A & N uptake 57.0 ¢ 150.7b 151.2 b 169.4 a 162.5a 163.2 a
Sowing to TR RS A Residual NO; -N 13.9e¢ 26.7d 57.7bc 48.3¢ 64.2b 81.9a
maturity stage B
RAZEH 5 & Apparent N surplus -39.9f 39.9e 59.0d 80.7c¢ 133.8b 158.3 a
T % B — & % & Nitrogen rate 0 89.1 111.4 133.6 155.9 178.2
Bk R AT A AU Initial NO; -N 207 56.9 524 553 67.0 79.5
Straw Sowing to .
o MR A Z R A N accumulation 19.7c¢ 70.2ab 72.0ab 67.8 ab 65.4 b 76.3 a
removal jointing stage

A A% B S i Residual NO; -N

RAZEH 5 & Apparent N surplus
T~ B

Jointing to

Jiti & & Nitrogen rate

TR A EFLE B N accumulation

maturity stage

M %% B B Residual NO, -N

A ZEH 5 & Apparent N surplus

+3EHE G 4L Net N mineralization

R~ NEW A N uptake

Sowing to maturily 5 gy f ke s 04 H Residual NO; -N

31.7e 56.9c¢d 52.4d 68.7bc 79.1b 101.7 a
-29.7e 18.9d 39.4c¢ 658b 90.5a 92.9 a
0 72.9 91.1 109.4  127.6 145.8
24.4¢c 95.2a 92.3a 104.0a 93.5a 80.1b
12.8d 23.6c¢ 29.0c 45.9b 75.5a 84.4 a
-55e 11.1d 22.2c¢ 28.2bec 37.7b 82.9 a

35.2 35.2 35.2 35.2 35.2 35.2

44.1 ¢ 165.4 ab 1643 ab 171.7a 158.9b 156.4 b

12.8d 23.6c¢ 29.0c 45.9b 75.5a 84.4 a

1 (Note) : [A]—F7 84 J5 AN 8] 7Bk Fn Ab Bl A 2% 5335 0. 05 i 7K Values followed by different letters in a row indicate significantly different

at the 0. 05 probability level.

3 gt

KT REAT Ak BRI 7= iy s i [l A M T
REWTE . YOTERIRAT S A A SRR A &
FROUR B IR rT A JE LR oo AT I F AT 42 Ry
TIEALERAOTR R, st A5, PROK PRAC RE ) 2
R AR B R B, B ORRE FFIE

FH X6 2/ INAZ F PR 7 S B S AN I 35, 78— 28 1 I L
NERE ST, B ALK B R R &
AHIFGEF I, A Eb Bt U , FORAE FTI4 FH L ZRUIE
P T/ANERERL R SRR R RIS 4.2% — 9. 4% ,
LB i R R g s Mt A = mE N
243.0 kg/hm® I 3R1585R & 77 &, 0 9858 kg/hm’, Jifi
R N 243. 0 kg/hm® 45 BEAG= B B
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Table 4  Effects of the straw treatments and N fertilizer rate on the nitrogen use efficiencies
L N Ll L e e S = l 3%
RAE MR R FER U RABER I 4
BE B Nhaves BBICRR  HCRIR NREC%)
Treatment NAE index PRE GRE BERh 3 5 1 AT~ A FEFh— i 3
(kg/kg) (%) (%) (%) Sowing to jointing Jointing to maturity Sowing to maturity
FEF NO 55.5b
EH NI 34.3a 69.8a 68.3 a 50.9 a 47.5a 24.3a 68.3 a
Straw
. N2 33.6a 68.8 a 57.5b 41.8 b 39.4 b 17.4 b 57.5b
returning
N3 31.1b 68.5 a 53.6 b 38.6 b 33.9¢ 22.9 a 53.6 b
N4  26.3 ¢ 68.5 a 42.6¢ 30.7 ¢ 32.6 ¢ 19.4 b 42.6 ¢
N5 22.9d 68.8 a 37.1¢ 26.9 ¢ 37.0 b 17.4 b 37.1d
TEFF NO 50.7 b
BEE N1 38.6a 7054 65.8 a 49.8 a 56.7 46.8 a 65.8 a
Straw
N2 31.8b 69.7 a 55.8 b 41.5b 47.0 b 32.6 b 55.8 b
removal
N3 27.6¢ 70.6 a 46.9 ¢ 35.4 ¢ 36.0 ¢ 32.0b 46.9 ¢
N4 24.9 ¢ 69.7 a 41.8 d 30.9d 29.3d 16.2 ¢ 41.8 ¢
N5  20.4d 69.9 a 34.1e 25.5 e 31.8 d 16.0 ¢ 34.1d

H (Note) « [Al—FHHh 5 A /NG 71 2R [W)— RS FF AL FEAS [R] IR /K - 18] 22 5735 0. 05 i # 7KF Values followed by different small letters in

the same column are significantly different amont different treatments for the same straw treatment at the 0. 05 probability level.
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