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Effects of different N rates on fate of N fertilizer and
balance of soil N of winter wheat
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Abstract: The fate of N fertilizer and balance of soil N under winter wheat farming were studied using filed >N micro-
plot. The results show that crop yield would not increase when the nitrogen application rate is above N 150 kg/ha. Ap-
parent recovery efficiency and agronomic efficiency of nitrogen fertilizer are constantly decreased with increasing of rate of
nitrogen fertilizer, while the trend of physiological efficiency is low-high-low. At lower N rate, more soil N is absorbed by
winter wheat than that from fertilizer N, and the ratio of soil N absorption to fertilizer N absorption is decreased under
high N application. After the harvest of winter wheat, 26.7% - 40.6% of fertilizer N is resided in 0-100 cm, and
17.4% - 24 .8% of fertilizer N is lost. With increasing of nitrogen fertilizer application, the total balance of soil N is
from deficiency to surplus, and NO; -N in the root zone soil is from consuming nitrogen to cumulating nitrogen before
seeding. There is similar trend between two wheat varieties .
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IR R0 4 R R X — i X778 i 38 5] A
HEERY, ILRE BER FRZETMN B A KR
P HSENEZEHEAERN N 120 —729 kg/hn’,
FH R N 325 kg/hm?™ #2008 SE R EZE T ILE
FHENEFRARER N330 kg/hm?, EEKXRE RN
300 kg/hm’, HEH R A FH AL A A N 500
kg/hm’d b, B TEHHRAE. REKEA
TEEFEF=MER: —BREEYRE; £
AREAETEFRE; ZRELARFHLH S
T - FUEREREK, MR X A ERAE
HEBHAREREN, YFEL/NERE E XML
FIE BB R e ZR 2428 23.8 % —44.5% ,0—100 cm 1 3
BRE RN 20.9% —45.3%, R KRN 10.3% —
55.29%5°00 5 BAE A b, & /) 3 R LR Y [
R 23.2% — 45.3%,0—100 cm T ER B R R
20.9%—45.3% K RH 9.4%—55.9%1), FE1L
AEBREMNABE RER, RS B EKE
T(X/NEEHAE N 375 kg/hm?) , Y E X /N E AL
BRI R RAN 26% , 1K RH 29%—-32% ,0—
100 cm +EREEN 41%—45%7, BEHRE
B, BB RE LA =& maaEme,
RV L HEIRBRA AR =HRIE, HFiE
AARFEREHAENTAARE SR,

KHEER RGP IR BAR L H Z 18 K5 %
RV TTRERBARERP T H4EE; et R
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B TUNBRIRE, R AN E AR F MK X7

AR VAR ARG EN, ST ARARRATH
EALRE AWM+ BARELTERRESABRARNK
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BRI T 2005 4E 10 A—2006 4 6 A ERJLA 7
AL R M K 22 5 2 (L 45 38°8", R & 115°
4)HFT . BBRRTHEEERNSE, ELHIBRN
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EEBKEEEVTERZE(6 -3 A),EmAEk
Ko HITEFHHEIR 18.5 m, i T K HIF 20 —23 m,
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Table 1 Basic physical and chemical properties of the soil in the field experiment
+ B pH EHR SR WAA ERB EBW  FE A (%)Y
Soil layer (H,0: Water = oM Total N NO; -N Olsen-P  NH,Ac-K  Bulk density % 1A AR A K i
(em) 1:1) (ke)  (g/ks) (mg/kg) (merke) (mg/kg)  (g/em’) Sand  Sik Clay
0—20 7.80 19.3 1.00 3.1 21.2 125.7 1.3 15.7 69.4 14.9
20—40 8.02 12.9 0.75 6.6 7.2 112.5 1.6 13.1 72.2 14.7
40—60 7.54 11.6 0.71 2.8 7.2 130.4 1.4 8.8 75.6 15.6
60—80 7.65 11.1 0.66 1.1 9.2 130.7 1.5 6.4 73.6 15.6
80—100 7.60 6.9 0.39 0.9 2.9 133.1 1.5 6.4 73.6 20.0
1) 2 E#| USA system
BEASEAMCN FENNE, BHE BBRELAE  HERXN&E)/RAR x 100
A R B SRR RER¥EFMARE(%,AE) = (EAXK & -
INE ST REFNFEFF AR AWK, E M K BEAL R XMERXK™ &) /AR x 100

10 ¥RFE T @ HLAR I & A E AN 5, B/ T 19 BT
ARG 2FE T, KT, B/ EREBAL, 25
BRFRMBEFMNRNTE, ZF 6SCHRT,
0.15 mm %%, T EHARM T EERON FE,
1.4 WEFZERITE

48 0 B A BRAL P R R R T SR AT A T
P T EREYRERNERASEATRERE;
BAREEARHWABBERAL, W% E 3uL, A
Finnigan MAT - 251 [F] {7 & B i (% (75 22 - B BT
AP )W E BRI ON E

AR R WA (% ,ARE) = (ifi & X H#1_E#B&
WAE - MEXH EHREAR)/ AR x 100

BIEEBEMAER(%,PE) = (MARXKWZ& -

I B AR R Excel 2003 #1 SAS8.1 H i) A
RTEDW

2 GRFH

2.1 BEMEHFEFRNEERERENAENY
1E]

AHEELEMFR-REERTHEHALR
(F2),ARRT RS FR=EHEM, EE
HABKMBEH M, FR=BIARBEH I &, &
FEEHAERKREN N 150 kg/hm?, 380 78 ik +
AL 1K E A =& T, N 150 kg/hm® Y e AE
KPELBETRE &, B30 & i H & E
YrEBRE L. O LRI RAEFHEAR

2 BEREYFERAE RIEFAEHLSE
Table 2 Crop yield, nitrogen uptake and the three efficiencies in micro-plot
A A A
AE&H  oam  TACE RAR N vpiake AmATE EEARE KSR
Varieties Treatment Grain yuzld (kg/hn) ARE PE AE
(ke/M) T Grain  FAFF Straw  H.13 Shoot (%)
W 4% 822 NO 3769 b 76 b 16 d 92 c
HN822 N75 5789 a 117 a 2c 139 b 55.1a 16.7 a 26.9 a
N150 6233 a 127 a 27 be 154 ab 34.2 ab 19.4 a 16.4 ab
N225 6011 a 134 a 31b 165 a 26.0 ab 16.5 a 10.0 b
N300 5928 a 138 a 37 a 175 a 20.7b 15.6 a 7.2b
Ak 9204 No 3739 b 86 b 19c 105 ¢
KN9204 N75 5971 a 118 a 25 be 143 b 57.5a 18.5a 29.8 a
N150 6692 a 136 a 32 abe 168 ab 41.0 ab 21.6 a 19.7 ab
N225 6350 a 137 a 37 ab 175 a 27.8b 19.0 a 11.6 b
N300 6090 a 134 a 41 a 175 a 19.8b 17.4 a 7.8b

7 (Note) : ARE—E JERWF| &R Apparent recovery efficiency; PE—EJEAEHFIHR Physiological efficiency; AE—E B2 FI AR Agronomic effi-
ciency. R R EARNEFBERE 5% BEKF Values followed by different lowercase in the same column mean significant difference at 5% level.
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AEmE MG, LR RARREN E&H 4
WESHMERENRBRZH, XFEMAFARLEH
T EHEYREERMGIE, MEEREM LA
AEHEARKNEEARIERN, FRASHEFR
ABZWERLHEHEARA G WERKESE, HH
HEEAXGT . BHAPRENAKES., WML
A Fp R A LR R AR

W 2 e L B B 3 o0, IR R LA 2R (ARE) #1
REFFARAE)RFE TR, MAERMNHR(PE)HE
A B—m— KPR BENEE . EHEAEHI N
150 kg/hm” B} AR B S MH (R 2), WA ZBA R
Y, EYT REE A SO R AR TR &,
2.2 {E¥ TR £ 35 g #0 BB ) gAY LE 1

EYRHBAEERET LEAMESE. &
3FEW, /N R e A B R A B TR
B, N300 f1 N225 b B ZRBEFEEER,
5HERMMBZHAEEEEZR, WNNERME

R3 (W BM L i AL B & B B B
Table 3 The ratio of N uptake from soil and fertilizer

7 4% 822 HN822 Fhk 9204 KN9204

Ab3
Treatment A B A B
N uptake % Ndif N uptake % Ndif
(kg/hmz) (kg/hmz)
N75 139 b 22.9¢ 143 b 27.1¢
N150 154 ab 45.9b 168 ab 45.6 b
N225 165 a 59.3a 175 a 58.8a
N300 175 a 61.2 a 175 a 62.0 a

7 (Note) : Ndff—3K B T HERIAI & Nitrogen drived from fertilizer A
FEBEAR/NE FBBERDE 5% B.E KF Values followed by differ-

ent lowercase in the same column mean significant difference at 5% level.

HERESE, HERBEEZET , NEZEERK
A, BEEAENEARKBREEENREEH;
EEBAEET /IR R+ AR AT B, R IK
FEEHE B B BT B H

2.3 FEBEEIEDRE. TERBMIRKHY
1E]

ZNEXMIERANRIKEEE EARN AR
BERB(FER4), HHEAEN N 75,150,225 F1 300
kg/hm? B, T 4R 822 B9 0 E A 2R 43 512K 44.9% .
48.4% \44.2%F 37.7% ; BHA& 9204 HZ= R EF A
RAFRIK 50.2% \51.5% \46.5% F1 37.2% ., WEHMIE
BHEM,ARMEARKEYEREABEERNE
B, BR N300 b3S, HEABEAERHER, SR
NUHF TR IR, ERAMEEZRAEE, ¥
WA A RN ZEH M, AEAARARREEL
B, AR w7 R A R LS
Ho

ZNEWKE MEEN L ERBEEHEY K
MOHEE A RN MRS BEEEW M, i
REAFHN N 150 F1 300 kg/hm® B, 74 822 B4k
JIE BUB% B R4 2R 26.8 % F139.1% , R 9204 Yz
AL HE 3R B8 R 4 Bk 26.7% F1 40.6% . [FIEY,FEE
HARNAS WEAESZHHRAZEE WM,
SAHARBRKETAER=Z&EAEZHMHRXES
H B R BRI, IR Rk & Rk
BE RREEHFEAFRENA YR HHM, X4
MR BT N300 kg/hm” B}, ER R E M EEER
REYRINE > HIEBREE > FREBERE; MY
R EIXF] N 300 kg/hm® B, B0 AL B9 2= 1 ) 2 30 8 +

x4 HEEEEDMEZETHER
Table 4 The fate of nitrogen fertilizer in the winter wheat cropping season

o 5 o e R e AL, AESHE £ 88 0—100 cm B E e AHE B R R
nn. . Fertilizer N uptake Soil residue Fertilizer N total loss
Varieties Treatment
(N kg/hm?) (%) (N g/hm?) (%) (N kg/hm?) (%)
4k 822 N75 33.6+4.67 4.95b 26.0+1.09 4.7 ¢ 15.3+4.72 20.4 ¢
HN822 N150 72.6+3.28 48.4 a 40.2+1.41 26.8 ¢ 37.2+0.92 24.8 a
N225 99.4+7.31 4.2¢ 82.2+4.01 36.5b 43.4+7.31 19.3 a
N300 113.2+5.24 37.74d 117.2 + 11.40 39.1a 69.6 +5.24 23.2b
Ak 9204 N75 37.6+£3.92 50.2 b 24.3+1.49 325¢ 13.0+2.17 17.4 ¢
KN9204 N150 76.6 + 0.92 51.1a 40.1+8.31 26.7 ¢ 33.3+8.48 2.2a
N225 104.6 + 4.33 46.5 ¢ 78.1+ 14.00 34.7b 42.3+13.71 18.8 a
N300 111.7+0.80 37.24d 121.9+16.11 40.6 a 66.4 + 16.42 2.1b

3 (Note) : EAEIREARNEEBFER 5% BEKF Values followed by different lowercase in the same column mean significant difference at 5% level.
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EREER > EYRKE > AEHREE, HULEA

EdEe, SERERALE T BTN RKERE,

2.4 THAEFH

24.1 RANEWRRETEARTE —FEWE

—ERE AR EVLE (BT)URE TR,
T EAEVE = BB EFE 0—100 cm + KRB

+ 12 (B TR LR AR + EEAHAR - EHR

WA

MEPEEEME, WERES —F/EYE, 112
MEARER, WRIAME, MEFTH, X5R
W, EERARNBN, LEARTPEOTHENR
R, TEBRXHSA B ABATHEE IEBRITNE
BB, WA/NERFMRINEFE N EE, R
AN, AER/NERBARIAR 9204 HH B Fp Xt
0—00 cm + EMMHASEANHEEES,

£5 TABRAKETEIZURELIRARGOEEH (N ke/hm’)
Table 5 Total balance of nitrogen in different fertilization rates after the harvest of winter wheat

— — N
A% i Ve mwn ReA wem o TR
Varieties Treatment . N input N balance
e b g N oreside EA O OBIE WORE-EN
Ndff Ndfs Total BS AH AF-BS
bGP NO 0e 110 a 110 ¢ 0cd 12.8 -97.2 70.2 18.4 -51.8
822 N75 34 d 105 a 139 b 26 ¢ 12.8 -66.2 70.2 9.8 -60.4
uNgr2  NISO T3¢ 82b  154a 40 12.8 -29.2 702 20.6 - 49.6
N225 99 b 66 b 165 a 82b 12.8 +28.8 70.2 58.7 -11.5
N300 113 a 62 b 175 a 117 a 12.8 +67.8 70.2 101.6 +31.4
%3 NO 0e 117 a 117 ¢ 0cd 12.8 -104.2 70.2 13.2 -57
9204 N75 38 d 105 a 143 b 24 ¢ 12.8 -68.2 70.2 11.1 -59.1
KN9204 N150 77 ¢ 91 b 168 a 40 ¢ 12.8 -38.2 70.2 11.6 -58.6
N225 105 b 70 b 175 a 78 b 12.8 +20.8 70.2 52.4 -17.8
N300 112 a 63 ¢ 175 a 122 a 12.8 +71.8 70.2 146.9 +76.7

H(Note): 1) AW ACFEBIEMERAAFEANE N input included the N of sedimetation and irigation; Ndff—3k 8 T IE R B &, Nitrogen drived
from fertilizer; Ndfs—% B T HIER & Nitrgen drived from soil; BS—3% Rl Before sowing; AH—We 3k J5 After harvest. R AR/ NEFEBER
5% B2 KF Values followed by different lowercase in the same column mean significant difference at 5% level.

242 MAEAERSTBARTEXRRE ITHRIH
RESTEARTVFENREXR, UHEAE B
b, A+ BERELE AP RARERFRESLEA TR,

KT WA 822 HiE R EX T N 184 kg/hm® B, +
BARXPTPE; mMAK 9204 YA EIXE N 190
kg/hm® B} , TR E R BFHE . R GRS FHR

MEI1MUER AEBS T EEAEZLLELGLESE & 9204 X + R W F A RE SR .
BEFHEHXRXR, BB TREZEKFE, ARRXE
_ 822 _ Bl49204
2 100 HNS22 100 KN9204 .
gé 50 / s0 [ /
R 2
TQ& 50 5 . %0 225 300
A . )= 0.5667% 1042 y=0.588x-111.8
H 100 R =09889 -100 R?=0.9837
-150 150 -

& B (ke/hm®) N fertilization rate
1 HMEABRSTEARBRFEENXER

Fig.1 The relation of N fertilization rates and N total balance in the soil
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3 itig

EARRBEAHT , BAAEXML/NEFR =&
FEENHE=IER,HYHEAEXT N 150 kg/hm’
B RN ARAEAE=ER, =’ R WA T
Ko BHRE, AFEBXERBEFETHRERARER
N 120 kg/bm?!), INARER KRB K4 T HRRE
MAERRE N 112 kg/hm?!>) H R HE 33 20l T 5
REAFE. TERXABLHFEHBERAEEN
98.1 mg/kg, IR B RIAKH 0—90 m FE +HEHH
WEANESELE 175.28 kg/hm?, i AKX K 0—100 m
TETEHERATERN 43.02 kg/hm® . L/NE X
R R i % 7E - I R P B 2 v R )
I E A, E R AR RN EERK, S
BRMEEIY TG R -, EREAKET .
EZFERW A, HENEAKPREEZRR
EER; EEHmARGT ,/NER Y - FEA K A
T, R BERHR R B BT BT, Bl g 0 x4
LAPELENE-ERERRBIERRNBARFTEAZS
APBTRI BT R B, BIE R T 3R AR A R e A
BRI R, A A AR R R .,
FREEREHAEHERHES

ERELL IR A EMBIREN, 28
1) P 3R I it 2 B %) G T AR AU, T R 2 3R A O ) B
me RRBAMT ,FEE AR RZE S M, AER
RAEABELXREHA; YHAEIHN, Y EERH
RBFH . YHAEMT 300 kg/hn” B, BARI N
EYRIRE > T EREE > AIEHRKE; MYKA
Bik %) 300 kg/hm” B , 2B +IEREE > 1EY
BikE > AERKE., XE5LFEIBRYLEREHMU
B A ARRE R SRR B ER
B, T ERBRSBEFERZFERROHECME, &
EELIgrxn, NER RN R IR A K L
Bk 33%~40% ., AREF, /NER RN ERE B
LR RE37.2%—-51.1% , B EETULEER, X5
AR ERABKAER, TR, GEHLEEHF
T, /N R - AR ) FARAE T 3

ARBRG T, EAER N 150 kg/hm® ($E4L7K
TR Ab &N FE TR R R R R A 48.4% —
51.1%,0—100 cm +3EFRE R K 26.7% —26.8%,
WERK 22.2%—-24.8%; MHERE N 300 kg/hm’
(# P K F) &b 3848 B B BOE 4 51 37.2% —
37.7% 39.1%—40.6% 1 22.1%—23.2% , ik
BHALEAAREESTH KL, WELAKTFH

REREESTHALHE, EREEAEN ZEA
PLNO; -NRERAEERD:; EHHAKZHT, U
NO; -N FERAFFERY HL 7R 1S TmsA BB s 5
REREZEWEEZELWZ —, Bergstrom L 81 p 2y %
B, MR B /N T 100 kg/hm® B , IS AWKBE LS
FTE) ,100 —200 kg/hm?® B, Pk 75 B 56 e 220 & B 3%
s hn, A2 022 2V 0r gt o 22 B, U e AR 2
B, T EMESASEEE MR IR B g™
H, AL, EAKEEHRERENEARES
TEEFBEKE KRBT FEK M2 L3R
B, R E T KRB,

TN BN REE T EFRAEEMH RS
REV,BEETESPRHEENEEZEWEA TR
Rkl 30320 g U] AR JE b P S B R
KRG, & BB 2 T EERARR
B, DR R E AR R,

BRAEMEmEE R PERITEN, £
B FEYF A F B AR K FER B T
AR BK , HFEMA K TR, ARWH KB
TERE RN, EREEDPINP R R
ZH,EAHMAREERARET , LT E-EYRE
FRENRBMERMBR KRG, YEEEHEE &
SEYNFEEN, ARBRSBHEN, ARNAR
L) Nmin ERXZRE FLEHE , SHmRTFHE -
TE R G, N S 30 B SR SR ) R, AT T R HA,
ARSI EARLTVHEAESBEFHIEMRR
R, KA &N, T BAZTLPHERANTE,/NE
W T REREH T ER; MTEHBARN, T EXR
ERVTHEER  ZREAEZNRER, SULHRER
WA, MEAGECINEL+BREMLNE-BE
KRBIERR T BATEOHREREKA, BALA
BHEMENRRBMBRREER, X E5XHRNGE
RA—F, X EHE N E 7 #5558 & 2L 0—200
em fEREM A MR E , A K 2 L) 0—100 cm
WEEABFRIR,

2 LA, B IR R AR A SRR R R
REMBEREAENFTERER, B IAEREF=EZER
FEFEAEMEE,

B % X W
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