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Effects of nitrogen rate on the growth of winter wheat under
long-term straw mulching
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Abstract: A 9-year-long field experiment from 2004—2013 was carried out to investigate the effects of straw mulch
(no mulch and straw mulch 4 500 kg*hm~=?) and N rate (0, 75, 150, 225 and 300 kg*hm~?) on population dynamics,
yield components and grain yield of winter wheat. The results showed that straw mulch significantly reduced overwintering
tillers and total stem number in spring. Overwintering tillers and total stem number in spring under straw mulch reduced
24% and 40.7% compared with no mulch respectively. Straw mulch led to slight decrease (5.6% ) of ears per hectare
and slight increase of grain number per spike. 1000 grain weight had no significant change with straw mulch. A declining
trend of wheat yield for straw mulch treatments was found compared to no mulch treatments. Regardless of no mulch or
straw mulch, the relationships between overwintering tillers, total stem number in spring, ears per hectare and nitrogen
fertilizer rate could be described by parabolicfunction. Grain number per spike increased while 1000 grain weight de-
creased with the increase of nitrogen rate. Application of nitrogen fertilizer almost increased grain yield by 70% compared
to no nitrogen fertilizer input. No mulch treatments had higher wheat yield with less nitrogen fertilizer than straw mulch
treatments. Straw mulch is not a good choice for improving winter wheat growth in this area.
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TR ZHELEBE VU7 2 PE AL A MBI R e —
sk T o IR T 2004 4E,2013 4E45 0 i TRk
VEE R R R 524.7 m, 4B 13°C
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Table 1 Soil properties

+ )2 AL U B HASR
Soil depth  Organic matter Available P NH,* =N NO;~ - N
/em /(gke™)  /(mgke™) /(mgkg™') /(mgkg™")
0~20 13.79 4.93 2.41 5.43
20 ~ 40 11.43 3.10 2.32 6.12
40 ~ 60 8.00 2.21 1.95 1.34
60 ~ 80 7.36 1.89 2.65 8.65
80 ~ 100 6.69 2.01 2.57 8.65

1.2 A%t
IR AT SR A R E DR, R
X, Hm Ay FERE A RN R, 505

R AT B3 o A0S B 55 S A0 PR, B 5 O 4500
kg+hm ™2, AR BE S K, B 0,75.150,225,300
kg-hm™%, /NXTFHR 4 mx 5 m=20 m*, fEX/hZ
a AR IME 22 - 3, BEAS /N A I TCHE L, Wik
JEARIA
1.3 EBRR A E

TERRAIFR T5 1, B4 /NI 3 A 1 oK K
FEJT GEvH HIEA A3 R, 2 /N ORI, B>/
XSEHEAT 3 4> 1 KRB Beh 3B/ N MR R AR ARG
HEAT A XOIR , KT 5 AR5 /N2 77 i R Y /)
23 R ZE M FIRE A 43, VR A B SRRSO
FERLT R, TR /N2 2 RS R A S TR
1.4 HEZITSHH

KH SAS 8. 01 X ik ge B 17T 2 R Jr 2
(ANOVA)73#T \LSD ¥ B A 5 (P < 0.05) , Sigma
plot 12.0 I Excel 2003 47 &I F2:1H

2 AR5

2.1 HHEBETHRENZ/NEZHEHTHZMN

AT i 5 A [t 2R B 2 A /N A 3 )
B S5 S 2R ER 20 SAE A, B E
TR FRRRAR T /N A I A BER, R o 6 AR 22
SIRF| TR EACE BRI 15.9% , 7E 2008 4E ]
TREIRBE R, 24% o TR 55 006 25 2R 500
SO 5 A2 07 BERUR AL AAL, 9 4E Pl 6 4F
i AT i AL PRS0 AR T AN e A B, - 2
I 25.2% , Hovp 2010 4275 78 2580 R B 0
H40.7% o VLB FEFFBE 35 X/ 2 BEAR B 38 A AR F
520

M 2 AT LUE Y, 3 /UL BB A8 W8 1 /A2
AR 3 BEBSORN 45 2 Sl 2280, it AL R /N 22 A%
153 BERORN 45 25 5 2R B0M EAS it 50 - 347 185 i 4 )
h7.8%F139.5% . H H % &K 225 kg hm ™2}
B M R e A, 43 i) B A it S ES 1)k A% 1A 3 BE S
T D505 10% 1 45.4%

PR AL RR 9 42 (1P 24 /N 22 S BERL () Tt A
i (o) PG oA 45 R AT

Fiy = 1.6963 + 0.0009x — 0.000002x>
(R* = 0.867,P < 0.01)

ANy = 1.9818 + 0.0013x — 0.000002x>
(R* = 0.883,P < 0.01)

Xof 5 FEABUIE ARG, 53 A , 5 AT 5 254 Tt A
O 225 kg hm P BERUR L, 0 1,78 kTR
AR 325 kg hm ™ 2HF > BEROR R, 35 2. 19
Atk
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5 34 45

AR AR 9 AFAYF- X/ 22 B 2550 (y ) SR

()G TR R, G5 R

By = 814.46 + 2.7504x — 0.0069x>

(R* = 0.99,P < 0.01)

AEEy = 962.09 + 4.937x — 0.00111x>

(R* = 0.995,P < 0.01)

X5 REAAE O o3 B, 73 B RS AT B R 461 T

SRR it &L A 200 kg - hm 275 £ 5 K AE 1 088

SFEERC1 511 TRk -hm ™2,

Tk -hm ™2, AN 35 BT il 222 kg hm ™ 215 21 5

20092010 478 55 77 2R it 20 5 % 2 B 2R R

AW E LA, HAR AR Gy LS A A 3
F2 20042013 ERFEETLNEREHTEL

Table 2 Changes in population dynamics of winter wheat under straw mulching from 2005 to 2013

QLB Treatments

A 43 BEEL Tiller number in winter per plant

2005 2006 2007 2008 2009 2010 2011 2012 2013
EyIEN %% Straw mulching 1.55B  1.45B  2.284 1.8B  1.66B 1.35B 2.15B  2.33A  1.17A
Mulch methods R 3% No mulching 1.87A  1.58A 2.71A  2.37A 1.84A 1.51A 2.65A 2.75A  1.48A
NO 1.51b  1.49ab 2.49h  1.98b 1.64a 1.19c 2.12b 2.54a  1.25a
N75 1.76a  1.67a  2.27h  2.14ab 1.70a  1.42b 2.3lab 2.44a 1.37a
Wik T N150 1.54b  1.47b  2.41b  2.10ab 1.78a  1.46b  2.4lab 2.66a  1.30a
Nitrogen rates  N225 1.8la  1.54ab 2.40h  2.26a 1.83a 1.62a 2.58a 2.47a 1.33a
N300 1.72ab 1.43b  2.93a  1.95b 1.80a 1.47b 2.59a 2.60a 1.37a

B35 x i %L Mulch x Nitrogen NS NS NS NS NS NS NS NS NS

A Treatments 25 M ZE%L Total number of stems in spring/(10*+hm~2)

2005 2006 2007 2008 2009 2010 2011 2012 2013
L IEN 3% Straw mulching 14838 1508.8B 1182A  797B  798A  700B  96IB 7484  762B
Mulch methods R 3% No mulching 2081A  2017.2A 1370A  1273A  960A  1I181A  1150A  906A  1008A
NO 1226b  1519h  1022c  803b  656b  668h 558¢ 677c 811h

N75 1722a 1878a  1245h  100l1ab  946a  975a  9l4h  742bc  818h

WK T N150 2087a  1894a  1302b  1066a  984a  1056a  1264a  884ab  832b
Nitrogen rates  N225 1986a  1798ab  1469a  1200a  944a  1014a  1317a  860ab  955a
N300 1890a  1726ab  1342ab 11052 864a  991a  1224a  97la  1010a

P35 x ME %L Mulch x Nitrogen NS NS NS NS * * NS NS NS

EHABEETHRNES/NEFE=EZNEM
BALPR N PR A I B R W FR 3 ~ R 5.
T2 26 b BV Y REB0CH 552 x 10 hm =2 AR T I8 25
AL (585 x 10* hm™=2),2007 4E P & 25 Sk 5] g F K
(% 3) . WREJRPUEREFF B SRR T 4/NZ I A
e M ZER, FEFT A R AL T BRI 341 L, B
T ICE S AP (32,6 i) , HoH 2008 4FE I # 2 ik
SR EKT-(FR 1), FEFHE A0S IO 55 A0 1Y)
SEYITRI TN 37.3 o(£5) . RGN, A
ETURE S 30 5 14 s /N 1 e e R it Ui R 150
kg hm ™2 I 35 2 f 5 8, EoAS it 260 A B 3 R 5 8
39.4% . FHURLES I e 280 1 1S I 3 e e
300 kg hm ™ 2RI EICR 5, HGA it 260 Ak B R A 3
32.8% . SR AL 2 AR /N TR0 e, L B
20122013 4E4p 22 Rk 2R K

FEA R AL B 9 AR F- 1 /N 2 RS b T
o B St A Qo BUA TRIE R S5 5T

2.2

By = 421.73 + 1.8228x — 0.00424>
(R* = 0.994,P < 0.01)

ANE vy = 474.94 + 1.6559x — 0.0041x>
(R* = 0.961,P < 0.01)

BTy = 0.0337x + 30.572(R* = 0.970,
P < 0.01)

ATy = 0.0268x + 31, 126( R* = 0.938,
P < 0.01)

By = - 0.0106x + 40.257( R* = 0.890,
P < 0.01)

ANHEH yrew = - 0.0150x + 40.992(R* =
0.961,P < 0.01)

Xof 5 FEABUIE LSO, 53 A , A AT B 3 254 Tt A
R 217 kg - hm ™ B B ECAT 35 e R AE 620 7 3 -
hm ™%, AN 35 41 R AU 202 kg - hm ™ 2B 55 B i
A (642 FTHE-hm?) . MR EE S A, /N
FHEAB GHAEA D E EMAXER, TR HE S
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SRS 2 ORGSR T 80 kg hm TR R AR 1 S A BEURK, T TR EE R B AR BB

FPE S A RERL RS i T AN i A B, R A T 167 HELE 9 AFR T SR A/ N R = ERID
kg hm PIFEAT B R TR & TAB A, o BFECHAIL,

H A ECANE S A5 T, RO BT RS 8 2 IR U0

3 20072013 FARFKE T Z/NZH B ERTEE/ (FT5E-hm~?)
Table 3  Spikes number of winter wheat under different treatment from 2007 to 2013

JbFE Treatment 2007 2008 2009 2010 2011 2012 2013
g%jrs B Straw mulching 8248 6464 5464 412A 5514 541A 3424
Mulch methods %3 No mulching 994A 692A 524A 404A S41A S44A 304A
NO 791h 492¢ 460b 264h 342c 439h 323h
N75 1032a 658b 559ab 392a 473b 487h 332h
N150 918ab 739a 583a 464a 637a 574a 423a
it K
N N225 964ab T44a 542ab 481a 613a 617a 358ab
itrogen rates
N300 842h 712ab 532ab 458a 666a 595a 403ab

755 x it

Mulch x Nitrogen NS NS NS NS NS NS NS

Fz4 2005—2013 ERRELIE TEZ/NERTRRE

Table 4 Grains per spike of winter wheat under different treatment from 2005 to 2013

AbFE Treatment 2005 2006 2007 2008 2009 2010 2011 2012 2013
wEJ 2 Straw mulching 31.1A 42,94  26.9A  44.9A  29.8A  38.1A  33.3A  32.8A  26.9A
Mulch methods %136 No mulching 29.1A  42.5A  24.8A  41.3B 29.9A  39.0A  33.7A  33.5A  29.4A
NO 27.2b  41.0b  23.2b  40.8b  12.4c  27.9c  27.lc  3l1.1b  25.5c
N75 29.6ab  39.6b  25.2ab 42.5b  28.4b  35.9b  31.3bc  32.8b  27.2hc
A N150 29.2ab  43.4ab  26.0ab  40.5b  35.7a  38.5b  35.8ah  32.8b  28.7ab
it S K T
N N225 30.8ab  46.2a  26.9a  43.6b  35.9a  45.2a  35.6ab  32.9b  29.2ab
itrogen rates
N300 33.7a  43.5ab 27.9a  48.4a  36.8a  45.6a  37.9a  36.2a  30.2a
ey =
i x TR NS NS NS NS NS NS NS NS NS

Mulch x Nitrogen

£S5 20052013 EARAEVETZENENTHE/ ¢
Table 5 1000-kernel weight of winter wheat under different treatment from 2005 to 2013

AL Treatment 2005 2006 2007 2008 2009 2010 2011 2012 2013
Ly e #i% Straw mulching 39.7A  43.4A  36.1A  43.0A  30.3A  37.8A4  31.1A  40.3A  33.7A
Mulch methods %36 No mulching 38.4A  42.6A  36.3A  42.9A4  31.4A  38.6A  32.1A  40.4A  33.2A
NO 41.7a  43.7ab 4032 43.2a  34.4a  40.0ab  35.5a  41.0a  33.6a
N75 40.1a  43.7a  39.1a  43.6a  32.7a  4l.4a  31.6b  40.9a  33.9a
o N150 37.4b 4.5 34.8b  43.4a  29.2b  38.3b  30.4b  39.6a  33.4a
it K
Nitroson rafes N225 37.9b  42.4b  34.3b 4242 29.6b  35.6c  29.4b 4032 33.la
2
N300 38.2b  42.8ab 32.3b  42.2a  28.3b  35.6c  30.9b  40.0a  33.2a
2 i
i x HER NS NS NS NS NS NS NS NS NS
Mulch x Nitrogen
2.3 BHBETHEENZ/NEZFEMFMN FEAS it 280 8 Ak B384 7= 69, 3% , AN 8 5 B it 8 300
FEFFBL S5 AN SR A B R /N PR R kg hm ™ 2L BESE I 2 AN RUIE AL BRI 7= 69.2%
3, it P RO o 4 v /N2 R ([ i 3 R AR, RS AT o A BRI/ N 22
ySIE

LA 2) o FEAT BRI B A 225 kg hm 240 B2y A 9 AP REIR 2900 7% , BEH 1 2 1
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3426 + 20.78x — 0.046x%( R?

150 225 300 375

i % & N rate/(kg « hm™)

75

By = 3212+ 16.41x - 0.03x*(R* = 0.997,

P < 0.01)

ANy

0.966, P < 0.01)

TR A WFF

wheat under straw mulch and no mulch

Fig.3  Effect of N rate on yield of winter
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NS SRR S D D e 3, o MR RS AN i g
BB, TR E SRR, A REFF A 5 A /N A
SIS FEATR . T S B AT T R PG Sk BT R IS
YN LIRS AT 55 (R i /0 28 iR AT B 55 ) LAWUREL
B VR R, A 2 4 TR AR S I LR AR
AL MVER) i AE 2 v Ja PR AT RS AT B AT LAY
IR T8 A b B AU R RN
VERGE RIS B ORFE AT o6 S B PR AIR A/
Z I, KPR 16.2% W25, B45 5
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U ARSI B S R T 25 . EREAE LA
e 13 717 T AR 8 285 2R S s R T BT RN A A/
AR I 25 A AR SRR TR AR L ), S
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BN R IS 6 e A VPRI AT AR R . B
FROESEAERAT L F - a6 ke I 5545 6 000
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T 5 32 S N A2 MO AR BB AR 14 D AT i A 8 2 10
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ARG AT 2 S0 TREE A 52 e Y 45 51 22 53, bk
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FER 10 A WURE R W, 3 20 5 BN 22 i el B o),
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SR 5 2 R 5 T 2 S
R 2R A R AT 1 U T 0 8 5 1

Ho
AHF 58 45 B % B, B 25 450 F BIVE Z it 50
ke » hin ™ 219 20U TG v A5 5 O 8 s A I 1 7
AAKESS T KW 1% 7, T HoA 2 % 7% A 98 U5 Y
W% IR B TV S J AT 1 R0 i
SRFRARF AT TERS 82 % B 2006 4 [ 450
1/3 (R AT TR0k A 7 77 LR AT 78 26 R B 1R
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Frge R R BB R RS

T I 4 3 o o R W STk ) 23 B A
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Bz A, 55— T P K A3 BT LR T T
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SIMTBCH AR R s S /N A R LB, o
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