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Effect of N—fertilization on the Use Efficiency, Distribution and Fate of Labeled “N Fertilizer in Soil —plant
Systems Over Three Continuous Crop Cultivations
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Abstract: A labeled “N fertilizer pot experiment was conducted to study the effect of single application of chemical fertilizer, and combina—
tion of chemical fertilizer and maize straw on the plant growth, ®N use efficiency, distribution and fate of labeled *N fertilizer. The results
showed that high application rate of labeled ®N fertilizer significantly elevated the growth and yield of crop, however, the combination of
chemical fertilizer and maize straw behaved restrain at the first crop cultivation, and accelerated at the second and third crop cultivations. The
content and distribution proportion of plant N obviously decreased with increase of crop cultivations, high application rate of labeled “N fer—
tilizer and maize straw addition remarkably enhanced the content and distribution proportion of plant “N (P<0.05). The residual rate of la—
beled N in soil decreased gradually with increase of crop cultivations, however, the accumulative N use efficiency of crops and overall loss
rate of labeled N increased with increase of crop cultivations. After absorption of crops in three continuous crop cultivations, its soil residual
rate, accumulative N use efficiency of crop and overall loss rate of labeled N was averagely 15.82%, 61.11% and 23.07% at maturity stage of
the third crop cultivation, respectively. The use and loss of labeled N fertilizer occurred at the first crop cultivation. In single chemical fertil—
izer treatments, high application rate of N fertilizer decreased residual rate of labeled N in soil and increased its loss rate, combination appli—
cation of chemical fertilizer and maize straw could obviously increase the N recovery rate by soil and plant, and decrease the loss rate of fer—

tilizer N by 21.74%, which suggested that reasonable accommodating the application proportion of carbon source and nitrogen nutrition in soil
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by application of organic material (maize straw) could increase residual rate of chemical N fertilizer in soil and advance N use efficiency of

crop.

Keywords: fertilization practice; ®N use efficiency; distribution and fate of labeled ®N fertilizer

TR RS P RIERI R, dR R
AR REIE Y B A T, B N SR AT
TR BEABMNTFEZ A BEHR
FERIAS 45 B AR it S 616 <5 2 7 — 28 R R B IX 3
RERFHR , BAERAF RS, R HHIEAR
PR TE, AUV E AR 7, S ARl A 7= AR
(R s S0 2 25 g A 1 U™ B PRI T5 e [ AL, it
TOKAHERER TS S K B E SRR 20 s
PR, a4 s 3RO BERBE 1, B IR0 R , S8R
FERHRUZR A4 R ORI FRAT 2 A A R ) — B 2 AR
A AR A% [ s HERLSE AR S IR
SEHTI G R S PR A — . T E B Be R
HEHSE A R R 30%~41%, {BRZAELIBER K
(£ 9%~T2% 2 [] ), BB oo/ RAE5 5k 32 g H A
AR T STEAR K

ARICRBELARH, PR HAEE SR,
WSV T L A B R, SRS PR R kT
AL R AR 38 Pl B R R R A7 FE TLBE S 22
A9 (B,  BAFTERE IR R BBk . I, ZEARIE
HYERAERKEAET, @daBEE% CHRINER
BIRHIRE A LS, R E R P R AR R
R, WY RS -8 P TR R K 8 E
B, EHAAL A MR R S 1 8 2 A B TR I
Fe 3 AR R AL RIS, R AR
HEFI AR BB T Bz —1, TiEfEsd EeREA L
R E A BRI AR , SORT DA W i A A
KM RFZFRDHIFTR, i LR R,

BRI R FH A E 2 LR, K B
MR R EAIRSER HLERE, —HRRER
HERREAE T — ERBIRE, i T AR
B BN -& BT A R, B SEA LR
BT R, TE R, TR A% T, R R
ALz — R T R R SR TR RE 1 IGR L #
R PERIEH R B R BE ) TR SRRET5 ™
E, R, 1R A AR A AR T R AR A AT R
SRk EAAREEMNE N, MITEARIMX TR R M+
SR R T AL R R R T 5 R A DRI — (AL G 5%
SE2E I, AT URAL R FR 0B8R
BUON R R R R BR AR T S A 4 A

W7, REMTRERBREEECHEALIIER T,
A FIFEAEAL BT Sk = ZA ) A KR DL AR iC RUAER]
PR B AR AR AR A2 BL A2 5 A RIBEAE AL B AR T
RIETE ARG A LR, R KRR
A5 BRG] , FE—2B RO G 2 1 R R GRS 44
07, PR RACH A3, 3 RR BURAR BB ARE

1 #RE5FE

1.1 3856 b s AR

AR AE P E R 2= B U BH A AR B (41°32' N,
122°23" E)#FAT, Bl & E A S R G 5T M4 Bl
Z— BF 1987 4 i FUTAUHT AR EX B
AT, AL T AT R R R M i A
FRAME, 5B R 2R, SRR 7~8 °C,
BE A A)YYRE 24 C, &%EA (1 A)EBR
1R-13 °C,F# =10 CHITESIFIEA 3 300~3 400 °C,
K PH @5 R 5 410~5 600 kJ-cm?, ToFEHA 147~168
d, RN EZ) 700 mm,
1.2 &t

PR R A R A IR TR B2 B 14
RERLI T i [ 22 58 A 07 5 RE A 5 < 3 e A sl
HHh”, LR RR A CRICE KN 0~20 em RE L
33 5 mm 5, REREYIIRA B 6 2 A KR
R, HERH

FHMEAR IR IE % [ ki T, AN 25
cm, & 16 cm, B ARSI ME + 6.5 kg, [Fl—
HEARAEELL AT 3 MEKZE, IE/NE(1LF-9)
-FRF (L 3E-2)-F/NE(LHFE-9), H/INEBERH 15
¥R, FFEBEN 8 M. RIILLT 6 b3, RI:N,
(CK); Ny No; ERFE K (M) N+ F KA By (N+ M);
NaA+EKFE (NAM), 03 4 RER . iR
HEDEHNEZRIEK, FH S K BYERE 25% 24

HERABERE N T BERRES , S IE N IR ER A , B ALY
BRI 0.5 mm G BB EKFEFF . BRIEAE
KFEEFHEAIRIES LR SMA, A& 510 60 kg
P-hm™,100 kg K+hm? 1 5 000 kg+hm™, EACAE H3EHE
TEVEY 4> BERRE A (2006 4E 5 A 9 H,2006 457 A 28
HF12007 4£5 H 4 H), &4 514 No 0 kg N-hm™,
N; 100 kg N +hm2.N, 200 kg N-hm™2, 55 1 4K 2



402 BRAE AR AL B ESE = AR RALF IR R BE S 2 1 BRI

201042 A

RIERHARICH AR B[ (PNH,),804], FEH 50.12%, 1l
B b TR, 56 258 3 A Kt AN ik iE
RE, X EAE N YRR =R LR 1.
1.3 BmRESHHT

TEAE A K RN, BISE 1 AR K ZEMSrEETS
H1(2006 4 5 4 19 H) .3 1E81(2006 45 6 A 5 H)Al
RLRGH(2006 4E 7 H 3 H) KR 2,58 3 A KR TR
#1(2006 4 10 A 1 H,2007 4£ 6 A 29 H), @3 AR
PESRAE T 5530 SR B - SRV E MR R i o B A
i 2 mm 5 IREHS, W L RS E AT
BLN e H3EEKBRWE, Hoef X T B, T
0.15 mm ¥, i F L4 N g, EERHMATE
BIRBUNERMRIG , SLRIBEFT 105 CAF 10 min, Z
J& 65 CHETZ{HE , A M EE 65 CHRT =1{H
B, it 0.25 mm §ff, T4 N RHEHFERIHT.

SA L C R TOC-5000A E AL C 4340
%€ (Shimadzu Corporation, Japan), 4> N & FEL K E &
BER, WE 4 MRS N TR TR ERH 17
3 mol - L IBRARHEATRRAL , 85 R <E WRTE 80 CK
W#ET 2 2~3 mL, BB E2FUEMH A, F MAT251 R
R BB T PN BRI ER,

L4 HEFEESHES

JFF B 3= B (SEE ) - B AR 3= B (R RRAE)

HERE N A 4R 3 (% ) = (R AR T B <A PR 42
N%xtE#RA: "N 51 A 708 )/ Gilidric E & xAERE N9
xHER} BN J5F H 208 ) x100%

HEAE N i+ 58 B AR (% )=( LA T Ex R4S
N%x 34 "N 55 H 738 )/ AR ic i B x LR N%
xHERE PN T H 23 )x100%

YR B IR AR SR S AR A 4
FR(Ndff% )=(#f P PN 73 708 )/(IEkH PN 5
T H I )x100%

YR A PR AR SRS AR E
R (Ndfs% )=100%-Ndff%

B A B 3= T 89 56 BUE Y9 3% A Microsoft Excel
2003 BEATHEBRIINT, AN [FIAh B F) SR 25 5 B
1833 SPSS13.0 #k{FH Y three—way variance( ANOVA )
AT T,

2 HBREHZM

2.1 AEMEARLESMEM EYFHR T HRERR
BERRM

2P TARA KRS AN FERGEALAL B SRR
Wi AR o Pl 3 PP G R, SRUME At P A
YA TR EA R LS 1 2K Z, 5CK
FE, Bt SRR A PR RESE VR AR R R AN TR TR,
LT il SR it FH 2 OS8R IE X
MR R B M. 5 Bt AT AL FAR L, (RAE RS
Jls ERFHFT AL AR/ DA MR K e TARLE R
A FIFR LR R, NoA+M LB/ A Mg R
R BT N+MARBE, 55 2 56 3 AEKZE, ik
A ERFEFT ST AW RS R TR E YRR
JE Rt RS I3 n . 5 AL AEARBEAR L , Tk
FEAT S B BL Rt AL B i T AR ROk R AT
BT, UL B EORFEFT BN 26 2.5 3 AW A4E
KEARHETARMHIER

MR 3 AT, 5 1 AR Z, R BB/ NEFEAT T
YRR AR H R 0 BER T R RRENE, A
DEERMEG T YR RRER, 2/ Y
T IR AR R, KR TR RRET
FEo SRBRMAL, RERACKM R T A
FEEh TR E . 5HsE AR L, (LAEECHE £ oK
TEATAEBR A T F /N ERE AT AR SE T B A R AR
B R/ NE A KRR, R R, A
X—BR AR R BT ERFEFT e O/N ALY
B R L3R SR PR TE Y, R A S
FINEERIRITE S HEARNIASR, EHRKT
RIS, N /N AR T TR R E
Mo 26 2.5 3 ERBAEMFSAT AP SL P TR R
FREATIRE R B FH B3 s in, A FORFEAT 4b
BAE YIRS AT RO SE P B9 T B B R B SN, Ul
B EORFEFFERINNGSE 2,58 3 AR E K BA (29t
AR HIAEA -

R T B2 T R IC BAL HE A 38 )5 S R e AL
ARBERS R A R R R AL R R, A5 18
XA R A R AR AR AR IR R RS T T

F 1 T EMEREFOELMER

Table 1 Physical and chemical characters of tested soil and maize straw

Test material TC/g-kg” TN/g-kg® TP/g-kg™

TK/g-kg?  Avail N/mg-kg™

Avail P/mg-kg?  Avail K/mg-kg? Fixed NHi/mg-kg” pH

Soil 15.56 1.47 0.47
428.23 7.14

26.81 30.8

Maize straw

15.8 244.5 172.1 6.1
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Table 2 Biological characteristics of plant at maturity over three continuous crop cultivations

The 1st crop cultivation

The 2nd crop cultivation

The 3rd crop cultivation

treatments  pRi/em F/em TR/ B /em TR/ HE/em  F/em AR E
Plant heigt Spike length 1 000 kernel weight  Plant heigt 1 000 kernel weight Plant heigt Spike length 1 000 kernel weight
CK 62.92+1.34 6.46+0.13 28.07+0.53 42.25+0.59 24.76x1.39 36.93+0.73  2.98+0.47 24.98+0.63
N, 65.21+1.01 7.39+0.07 31.13+0.42 43.67+2.30 27.86+2.26 47.81+1.21  4.53+0.50 30.90+0.59
N, 65.31+1.73 7.78+0.32 33.77+1.27 45.53+1.37 28.86+0.20 50.88+1.56  6.05+0.17 34.80+1.28
M 55.61+1.62 5.18+0.09 26.54+0.63 43.80+2.22 25.99+1.57 39.08+1.93  2.84+0.10 25.16+0.32
Ni+M 61.72+0.82 6.20+0.19 29.85+0.42 44.69+0.77 27.81+1.55 51.20+£1.31  5.27+0.54 31.40+1.15
N+M 62.92+1.34 6.46+0.13 28.07+0.53 48.67+2.75 27.60+1.55 50.25£1.43  5.66+0.49 34.05+0.62
%3 3N ERBIEYHEFFF LR TFYRE (g por™)
Table 3 Dry matter weight of straw and grain over three continuous crop cultivations(g*pot™)
Straw Grain
freatmentS Ty 192006 Jum. 52006 Jul 32006 Oct. 12006  Jun 292007  Jul 32006  Oct. 12006  Jun. 29 2007
CK 8.24+0.39 22.94+0.86 14.75+0.51 6.23+0.59 5.39+0.12 10.05+0.25 6.59+0.19 3.72+0.09
N, 8.30+0.22 26.57+0.97 16.95+0.60 8.71+0.66 11.52+0.44 13.13+0.83 9.83+0.54 11.03+0.41
N, 8.33+0.13 27.02+0.48 18.49+0.88 12.12+0.20 16.23+1.23 16.22+0.87 10.88+0.45 16.95+0.83
M 6.63+0.27 16.52+0.94 9.33+0.25 6.50+0.53 5.91+0.21 6.04+0.58 6.76+0.45 4.22+0.22
Ni+M 6.86+0.17 22.21+0.24 12.84+0.79 10.38+0.83 12.76+0.37 10.03+0.41 10.32+0.27 12.16+0.44
N+M 7.08+0.01 23.95+0.94 15.22+0.14 12.84+0.24 15.32+0.97 13.04+0.21 11.66+0.55 16.17+0.53
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Figure 1 Changes of labeled ®N uptake of plant over three

continuous crop cultivations
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Figure 2 Source and proportion of plant N at maturity over three continuous crop cultivations
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Table 4 Recovery and loss of labeled *N in soil—crop systems over three continuous crop cultivations
The 1st crop cultivation The 2nd crop cultivation The 3rd crop cultivation
Treatments Use Residual Loss Use Residual Loss Use Residual Loss

efficiency proportion proportion efficiency proportion proportion efficiency proportion proportion

CK 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
N, 46.70+1.62aA 34.14+1.53aAC 19.15£1.22aA 11.62+0.34bA  19.36+0.44bA 3.17+0.34bA  1.13+0.01cA  15.98+0.89cA 2.24+0.96cA
N, 46.82+0.73aA 32.71x1.86aA 20.47+2.42aA 11.18+0.02bA 18.72+1.27bA 2.81+0.23bA  1.78+0.07¢cB  13.97+0.71cB  2.97+0.23cA
M 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
N+M  47.72+0.75aB 37.76+2.21aB 14.52+1.94aB 12.57+0.13bB 22.44+2.82bB 2.75+0.95bA 1.24+0.01cC  17.84x1.21cC  3.35+0.62cA
NA+M  49.70+0.86aB 34.86+1.30aC 15.44+2.14aB 12.13+0.62bB 20.39+1.29bAB 2.34+0.47bA  1.84+0.14cB 15.46+0.91cAD 3.08+0.53cA
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