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Effects of reducing nitrogen application on crop yields, nutrients
uptake and utilization with straw incorporation

LI You-bing, LI Jin, LI Shuo, TIAN Xiao-hong
( College of Natural Resources and Environment , Northwest A&F University , Key Laboratory of
Plant Nutrient and the Agri-environment in Northwest China, Ministry of Agriculture, Yangling, Shaanxi 712100, China)

Abstract: The long term field experiment on N fertilizer reduction under the conditions of straw incorporation was
conducted to identify a suitable N rate and provide the theoretical basis of reasonable fertilization for the farmland in
wheat-straw cropping system on Guanzhong Plain. Three treatments, conventional applied N, 15% and 30% reduction
applied N, were performed by a randomized complete block design with three replications. The results showed that, in
comparison with conventional N application treatment, averaged across three years from 2008 to 2011, N reduction by
15% and 30% did not significantly reduce crop grain and straw yields. During the crop growing seasons from 2010 to
2011, N reduction by 15% reduced straw N, P, K annual uptake and increased grain N, P, K annual uptake, especial-
ly for grain P uptake. N reduction by 30% significantly reduced grain N, straw N, K annual total uptake by 12.9%,
41.9% , 18.5% respectively. 30% N reduction treatment had the lowest N surplus after harvesting wheat and maize,
the N surplus was only 11.3 kg*hm ™2 when wheat was harvested, partially associated with a shortage of N. Taking into
account into consideration of the yield, nutrients uptake and utilization, apparent soil N balance, the 15% N reduction
treatment has an optimum N application rate (wheat season 127.5 kg*hm ™2, maize season 159.4 kg*hm~2) in this re-
gion.

Keywords: straw incorporation; nitrogen reduction; crop yields; nutrient content; nutrient uptake
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NHy* = N 13 mg-kg ™', S0 32 mg- kg™ ", HRLHH
183 mg kg™ '
1.2 A&t

IR E 3 AL I, 430 L N 15%

R N 30% I it No B AR N 2R T 24 b A R
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15%H1 30% . /N ZNE4E P 110 kg hm ™2, # AL
N 15% Jd i N30 % Jal it it N AL PR A N 353 1)
4 150.127.5 kg* hm =21 105 kg* hm ™2, #4E S AL —
MR
1.4 WIRRSHHERRE

FH (] 336 A 2008 4F 10 F FFG, B4E 10 6 A £y
K 10 A 343 5% NEE B B R AT MR AL USSR I 11
7 WOR G RIS FEREALA L 2 REiA B, T 2011 4F
6 H 2 2011 4F 10 H PN i i BRUINZZ B oK b
RS RERRAE A A A L [ S B T
T, U E AR NP K & &

1.5 EFEREESS

YRR 4 HoS0, — Hy0, THAL)E , 9L EC A DI
4 NVBBEPT HL 7RI RE 4 P KA 3 6 6 BE 0
4K

FEFF R IE AN, 2 — A FE N LN R
HYAEAL, AT KRB 2 30 N P i A -

Nigg = Nyga — Ny
A, Ny BRI fE2: N (kg-hm™2) 5 Ny,
kPRI I N F 2 (kgehm™2)

K1 Excel2007 1 DPS7.05 KA %1 36 5 38
HATGET o, LA LSD 3L AT 2 8 AR, SO B
Bk 3 E R R T HIE.

2 AR50

2.1 FEFZTHTBERRITEY=EMNRIT
M 2008 4 10 A & 2011 4F 10 A, BT 7 =4



1

A A AT TR D 2R 7 i S SR 0 IR AR FH ) ) 81

6 Z=VEY 1Y 886, LA =45 19 7 ¥ 7= 1o B (3
1), FEH B N 15% I8 N.30% Jd N 3 ~4ab i, TG
W/NE  FORIEJEJRAE S i R PR SRS s 34
UG N Ab PR R, LR N AT s o el 1 1 R
TRE R, 30% Bk N Ak BT RL SRS F 7 4 4 ok A
Ko SHHIE N ALBEA LE, 15% i N /& &
KUA R JE AR S = R R T 5.0%.0.2% .

2.4% /N E R R SEAFEREFF B R B T
2.7% 2% .2.3% . 30% I it A/ NEZ L FEOK DL E
AR = B B N T 7.5% .7.3% .7.4% 5 /)
FZOERUEEFERBTFL RSN THET 9%,
9.5%.9.2% . 72K, &0 H AR AL Z
)22 SN R R0 N ISR AN & o R AR E D)
FEEE

F 1 2008 £ 10 B—2011 £ 10 AERFH AU EEF=FF 972 (kg hm?)

Table 1 The three-year average yield of grain and straw during the growing seasons of 2008 to 2011
e /NFE Wheat Fook Maize JEAE &7 5 Total yield
Treatments Hk ik Kok ik FPR ik
Grain Straw Grain Straw Grain Straw
Bt N Conventional N 5611 a 6135 a 6450 a 7103 a 12061 a 13238 a
15% )il N 15% N reduction 5328 a 5967 a 6438 a 6962 a 11766 a 12929 a
30% ¥k it N 30% N reduction 5192 a 5585 a 5978 a 6429 a 11170 a 12014 a

T RSB R AR A RNG TR FOR IR E) 5% BE Ko TERF.

Note: Values followed by different lowercase letters in the same column are significantly different at the 5% level. The same below.

2.2 BHHEHTREERITEUFISSER R
E/EHENF N
2.2.1 RBHFETETFTREARSTHELSAS>ESZAR
MEHm XN IR KRR S5 & B4 2 1
(F22), Dt N X/INZFPRL P& BERE IR, 1
X NK SR AE, INEFRL P RbEE
N ik i B P 85 R i 14, L 30% 9 N Ab 3L 5
A 2 A RO IR B B 25 T AN PR N LK
THTE 15% 8 N Ab P55 5, 30% i N Ab FR AR, 15
AALHRE) 2 SN R 2 B NI a1 3
T, FOKRFFRL PK & BEZ 3 N &5 7E 15% K N
A PR AR, 30% 98 N A FREAR . FOKAFRL N PK
RS AL HL A 22 S O B R N A A

R KRR B IR T

Xof /N2 R KA R TR 43 WO B 1) 43 A 6 W (3R
2), SHE B N AL BRA L, 15% 98, N XF /A2 FPhE N
K WS SR AN K5 T 30% 9 N I 5 AR 17 /N 7
LN K W, BB 20590 13.4% (108 % 5 I8 ifi
N Zb PR H AL N AL/ N2 AR P (] G 2 2
P2 R, FORFPRL N MR K/ANIRT R 15% Jk N
AEBR > H R N ACFE > 30% ek N AL R NG
FORAFRL N BRI IE 1) 5% AN 2, T 2 A9 il N
Ab TR 2 53R B i 2 KO o BAKPARL PRI 7K
/N5 N SR AR B 15% 08 N 2255 T &
KFFRL PRI, & R By 24 .3% o BTt N AL
RS E UM N ALFE K o [ 22 AN B3

2 2010 £ 10 B—2011 £ 10 BEKZEEWAFHI R NPK S & (g ke ') BRI E (kg hm2)
Table 2 The N, P, and K content and uptake of crop grain during the growing seasons of 2010 to 2011

N P K
1E#) AbFR
Crop Treatments /Eu’\E I]IZLUZE /E\E WL&E /é\; %U&E
Content Uptake Content Uptake Content Uptake
W B N Conventional N 22.0a 108.2a 2.9b 14.1a 4.7a 23.1a
N e .
Wheat 15% I8 Eiti N 15% N reduction 22.4a 109.7a 3.0b 14.8a 4.8a 23.4a
30% I8 = fifi N 30% N reduction 21.2a 93.7b 3.4a 15.2a 4.7a 20.6b
WU N Conventional N 11.7a 72.6ab 2.7a 16.9h 2.9a 18.3a
niii 15% 817t N 15% N reduction 12.3a 82.1a 3.1a 21.0a 3.1a 20.8a
30% V8 & i N 30% N reduction 11.1a 63.9b 3.2a 18.1ab 3.6a 21.0a

2.2.2 RAEEFTREEZTEAFRI>S AL
HEW o XNE R I KRFEFF IR S i
(£%3), W65 N REWCR IR B A9 36 0, /NEFEFF N K %

T Z FEAK, 58 M N AL BEAH L, 30% U8 N I 2
FEAK T /NEFEFE N &, FRIEIA 2] 28.8% 515% 18 N
WERRR T /NEFEFF P i FRIRIA 3] 37.5% ;1 K
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KT /INEZFEFE NOK #5105, BRI 23 00 38.3% .
17.9% 515%38 N i o Z RN T /N FEFT P54,
WEREIR S 33.3% o 15% I8 N X} EKAEF NP K #
S BRI ARE /N, T 30% 8, N B B FRAR T 5 oKFE
FFNK #H, 2r IAIG 45.2% 19.4% ;8 it N
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Table 3 The N, P, and K content and uptake of crop straw during the growing seasons of 2010 to 2011

N P K
7] pis:i
Cr()p Treatments /El'\i % Hji /El'\i %ﬁi /E\ﬁ %%Hji
Content Uptake Content Uptake Content Uptake
HHLE N Conventional N 5.9a 32.9a 0.8a 4.5a 19.5a 109.2a
INFZ NP .
Wheat 15% V832 )iti N 15% N reduction 5.7a 31.8a 0.5b 3.0b 19.0a 106.0a
30% W8 it N 30% N reduction 4.2b 20.3b 0.8a 3.6ab 18.7a 89.7b
H B N Conventional N 5.7a 40.9a 1.0a 7.1a 13.0a 93.5a
I\E/iji 15% 850t N 15% N reduction 5.2a 36.6a 1.0a 7.3a 13.2a 92.9a
30% I Jifi N 30% N reduction 3.8b 22.4h 1.2a 7.1a 12.8a 75.4b
2.2.3 FEATIE W T B E R IAES — AN AE R ARFHEATARL K AR SR I ) 25 S AN 2 . RS AE N

AR AFEEIKRE/ BB R ETAYw F—15
A JE I AV E AT LR A FF 77 3 8 A S Ol o /485
TR (F 4), 55 Mt N AABEAHE, 15% I8
N4 T OFFRL PR AE S S, 45 R R
15.4% ;1M 30% I8 N i FEAR T AFRL N Ja A S i
i FEARIREE A 12.9% 5 AL N AL 25 0 & it N

K JEAE S A 5 At N A3 > 159% 3k N Ab 3
>30% Uk N AbHE, 15% U8 N SRS FF N K 4 L4 H
AR/ T 309% 8 N 2 2 BRI T RS FF NLK
JAAE S o BT 43000 41.9% ,18.5% ; F5 #F P
JEVAF B A AL PR ) 25 SR 2

F4 2010 £ 10 A—2011 £ 10 AEKFEEY NPK BE SRS/ S HE (kg hm?)
Table 4  The total uptake of N, P, and K during the growing seasons of 2010 to 2011

b FRL Grain F&FF Straw
Treatments N p K N p K
5 #iE N Conventional N 180.9a 31.0b 41.4a 73.7a 11.6a 202.7a
15% gt jiti N 15% N reduction 191.8a 35.8a 44 .2a 68.4a 10.3a 198.9a
30% W HLjiti N 30% N reduction 157.6b 33.4ab 41.5a 42.8b 10.7a 165.1b

2.3 BHHEHTHEREETNERERKKEL

BRW N EEHFN

Xt 2010 45 10 H & 2011 4F 10 H /NE K E KK
RIG IR N A 1 73 BT 3R W1 (3R 5) , TLig s
F SRR, N ST RN EB 2 15% 98 N Ak 34
> H R N LT > 309% 98 N LB P 5 N A f 1 K/
W74 2w FE N AR > 15% s N AEFE > 309% Yk N
REBR ., FPRL N ZRIRSCRTE 15% 08 N A PR F 0K,

VOIS ATIE AR PE T, — % Y B sl NORE T g
e Bt N R WOM AT, B NOAE AT, T ik — 2
/b NEF &, AT RE 2 A N R 5 8, R A
Ko /NG, 30% R i N AR FRAY N i
HA 11,3 kg-hm ™2, AR N fER . 5 KRR
FRALL /N RF R N R R B, N R R R
i, U/ NE = N BRI AR E R
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Table 5 Apparent soil nitrogen balance after harvesting wheat and maize during 2010 to 2011

43 /N Wheat EoK Maize
Treatments NeA N Nt N Nig: Neg NeA N Nt Nowgs N Ny
i N Conventional N 150.0 108.2 41.8 187.5 72.6 114.9
15% kit jifi N 15% N reduction 127.5 109.7 17.8 159.4 82.1 77.3
30% Wi N 30% N reduction 105.0 93.7 11.3 131.5 63.9 67.6

Ny A AR NIE R (kg hm=2) 5 Ny g A FFREHE H A N 0 (kg hm™2) 5 Njge = Niga = Ngaggo

Note: Niy is the input rate of chemical nitrogen fertilizer; Ny is the grain uptake rate of nitrogen; Neq = Nippu — N,
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