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XH#HE SRR RO — B TAUGLAL AL (NP NPK) o 17a i) JS AL BEIF A B IRRE A 7= &, 5% & NPK fE B AR LL4F
FRr= BARRHRZE{UN 3.2% , T A N R FARIER T 12% . 7EFBREEE H A4 T 8 ZUIE A9 i F 3] 180 kg-hm ™
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Effect of long term fertilization on soil profile nitrogen storage in a reddish
paddy soil

CHEN Anlei " ,XIE Xiaoli, WEN Wanyu, WANG Wei, TONG Chengli
Key Laboratory of Agro-ecological Processes in Subtropical Region , Institute of Subtropical Agriculture, Chinese Academy of Sciences ,Changsha 410125 , China

Abstract: High soil indigenous N supply of paddy soil is one of the major reasons of low fertilizer-N use efficiency.
Reducing amount of N fertilizer annually can significantly improve fertilizer-N use efficiency and abate environmental
stresses. In this study, by analyzing the data of soil total nitrogen and rice yield of long-term field experiment( from 1990 to
2006) in reddish paddy soil, the impact of different fertilizer regimes on soil N storage, N agronomic use efficiency ( AUE)
and the feasibility of reducing the amount of N fertilizer application by 33.3% were studied. Results showed that long-term
cycling of organic matter (17 a) significantly increased soil total N storage in upper layer by 18. 8% , while no obvious
changes were detected from the plots only applying chemical fertilizers. In the treatment of chemical fertilizer reduction, the
accumulation of soil nitrogen in plough layer was higher than that in NP and NPK treatments. Compared with NPK, chemical
fertilizer reduction regime resulted in relative error of Grain yield of 3. 2% and the increase of input-N AUE 12. 0%.
Therefore , the economical N fertilizer application under the recycling of half rice straw incorporation was 180 kg+hm ~* while

rice yield could maintain about 10 t+hm .

Key Words: reddish paddy; fertilization systems; soil profile nitrogen storage ; feasibility of reducing the amount of N

fertilizer application
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REAEMNAME SRR SEANEMH SRR 19.1% %, 2] 2007 4£3E 50% KFFA FEIGY,60%
A B IR P EE RN 2R N TN = REF AR Z—" . BEEREITEN, FEFHELA
X%t HE KR = B W AR R 5—6 t-hm PR EFH, FEEHTRENBHETRAR, L EFEEZH Tt A
KEFTHFA YR SRR E R BHRE Y 5 — A EENRE T RN E P HEARBAES RS
FIRE B EWIN, e B SRR K AR R K A RS H R KB RFR4, IB TR [ L3 A NS A S
ARAMERBAEB RS N ZRAWEERZZ ' AT, YRTFREE 40T A& B R f76E Fl 8 2 5w
RIETE YR AR 12 , IR i A A B M3 i ol > RUE G B IR T W4T, PR EM ARAY
B U RUIE B P R T AR R IR A A AR R A R 2 P T3 e AR AR JEUIR AL T
PR T & BRI K X S H LR AT SRR e, D TEF A & 8 SR AT /K #E 47 7 F v T
T3 B/ A X R AR RL A P, DUR B A VR Y o (B B R SC 80t IR X RS A 7 A 0
RAER MR Rl RAR YR E AL I 2 T K I 58 D o A SCRI A BT B R Bedk IR A
AR, P9 W AR B K B e AR, AR AR S 2R - R R AR B R S VDA R, 458 ARl AR
BT RE A = R N B P8R 5 e, 18k E AU it EUAE B R AT, S 413 A F ARUIE A 3 F SR AR R 2
WA o
1 #HR5H=*
1.1 ALt

MR IR LA AR R B RKRE L, R B B ERE BBk IR AR ) A 25 g0k e AL il BE A e AR
o 1990 4E K HR K A7 + 348 Sy MR A HURK 15.4 g-kg™', A 1.88 g-kg™', LA E R 1.25
g-em °,pH 5.74, A58k K IR K 7 M0 . ORI, Ikt 38 B R % (CK) s @R HEfLIE,
R SRS EFA R (C) (MR 3= TR EA A FIRT AR “ C7 ) s @REALIE N, kY% th R 4E(N) ; @jii NP
JE, kR 1 RGE(NP) ;@i NP K A, ISk W% ) R4t (NPK) ; @ 7ERALAE NP K FyEEAE I, 3k
FAMEIFFIF(NPK +C) ;@2/3 NP AE + 1/3K I + 12 #5FFA H (JS) o iR 5E 2 FENLIX 4 HEF), 403 3
WEE 21 A/NK, FYC7 A B ZFFE 5 =3 (Astragalus sinicus L. ) ,AHEHE , FHF K5 = 5B E AU
VERREEAL ; R AT 23 BEGE H s A PR A 1 50% (1994 4ELURT N 80% ) LA Je 23R MR By J5 A
FEIERVENEE 2 SRR REENE

BERAEARL B PR (N 45% ) 3T BEER4S (P, 05 12% ) FIEAL4H (K, 0 60% ) , 1990—1996 4E 4 N 262. 5
kg-hm > P 39.3 kg-hm > K 137.0 kg-hm ;1997—2006 £} N 182.3 kg-hm > P 39.3 kg-hm * K 197.2
kg-hm >,
1.2 WS H RO ®1 A=

TR IR IR WA R4 Toble 1 Sofl bolk denelty /(g om )

s AEHY Year

3 H ﬁJ\ ’ l_ﬁg/l\%éikjg :Fﬂﬁ&%ﬁlﬁlfﬂ(ﬂ‘ﬁﬁ?% Treatment 1994 1998 2002 2004 2006

T Yy P R AR R A, e/ A T I E R CK .27 120 1.12 110 1.07

Z. FhRIEAFEHIRILFE 1, AR 2R/AM N 1.4 119 1.1 1.0 107

R L R R L2 o cEobmo ne O L

N = ) NPK .17 113 106 1.05 1.02

1.3 RELEN R AH % c 1L12 1.10  0.93 0.95 0.93

FHHZE DIRAMRMASHA LIREE 2R NPK +C 1.09 1.06 0.98 1.00  0.89

FEMERZ LEER, BT AR L EEE WM IL 111 1.05 0.92 0.9  0.98
et

C, =100 xH,; xB; x O, (1)

R, Co g LA (kg-hm ™) ,H W RZ LIRGIHEE (em) ,BoHRZE LENAE (g-om ) ,0,0%
Brgefag(sks ).
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1.4 RELESIHEEMBETE
T 77 BT DA f B R ER -
Hi= Gix107°/Di (2)
A, Hi B MR 2 T3S H R BE (em) 5 Gi 2 1990 4E A I 2 (0—20em) +-3E & & (kg) ; Di
2N 2004 4EF1 2006 4F-4%- Hi HE AL EE 3R AR E (g-em ), B AR/ 9828 TAE BRI R 1R 25 oA LA 1Y
AT U
MERERFFI R (AUE) = (IR 8 - TIEXS8) /M E

L5 Bt
IRE R R A Excel 2003 H1 SAS 6. 12 B AT 047 o
2 H#RESH

2.1 KEHEAE HE LA m ek

M IEER S BRSO FAAT UE S, KPR A L EESR A AR 2 A+ e R S EE
FEE(P<0.05,F 1), SiKKATAH L, 17 a HjE{bAE (N NP 5% NPK) st KA MEAE (CK) LIRS RS E®
A RERL, KAV RAEFF AR ERS LESATE(P <0.05) , FHREFBEN27.7% ., 5
A Bt L A AR 38 (N NP 5% NPK) Fl CK Ab3EAH V- ¥R R 1B BE R 25.0% o J7 2253 BT = B, S itifb IR 4 7E 5
a g HIELRSENABERMIAR, 2GS EZHRS A C A7 13 a FX HIELA MR SHNEE B
EIKF, M43 NPK + C 7E 5 a G A B BE K- (P <0.05) . WEMEALLLE (JS) X 2 R MR RNt
— BT F AL AR AL 8 (NP 1 NPK) ,17 a SE¥ R H 19.7%

30 - CK —A—C —8—N ., ——NP —A— NPK
: : —X—NPK +C —O—1IS
=~ T __—X—
2 —x :
S 204 20?///L
S
)
®e
HE o 1.0
5
2
=
0 L I I I 0 ! ! I I
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4E4) Year

E1 FEKEELE2EZASE
Fig.1 Content of soil total nitrogen in different fertilization systems

BFR RN EE AR T AR RIL T8 G R A, T HUAR A 30 1 20 o 7 Ak Bt ™ . +
FENFRRRAEN TGN, DR AH 80% —97% MRIEFE TANUT P | TiAHlAE B g5
BETEEIRSE™

AR, IRA RS T HE VIR S B AR SR, B B ERIEAE LR (E2),
ARG B ALERNEERE ARG, B IR 1A U I e U0 IS LA R
S8, BESAREHRAENYMATEBRNEIYREKRIERE DERESREEIRS BN EE
JER Y A AR, A DU BRI B R B RAE W ARIER B RITE R, St SRR, i
FEARFAEAT IR, CK A BRAEFRA HLBR B9V BAERA7E 1.3 t-hm RU_E (3 2) , R A A WL R REA 200K
R EGEL T SR RIOBIR R, BAFEIN CK I 17 a 5§ HIEA RS BIRE BEMRK, AUEAMLIE
TSRS B REIEEIE T E KB, 17 a 5 5LHATAH IF A BEER (P <0.05) R ik FARK
WRFELE A Y B S I (P A M B RS ) BB, TS AL AR R B8 1) B4 SR 3, R AE LD MK RS L e
FRERBARD BT MU N AEXHE R HIRA RS BIEAEM, BMEMELTE(JS) BARE/A TIEKEA H
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BIEBHFELH X HESRNORBERETIUEH 3.00 -
FEAERIALEE . 59 48 T A F K 0 o M R IR B 5T
WEAERAZFEIBABREA BB T, 51UEH
LB EAR B R B A VBB AR LR e
AMANRSERERERE™,
2.2 KEIHEAEX - A 5 R R

BT LA E SRR, TEEASERGEE 1.00 : ' : '
Wi RAE AT M IR AR ROER, Z R AR i Orgifﬁiﬁ«g’kgﬂ)
FEAEXT 13 N KB mIER, A LEXN HIEAME
HIAR AT LA A b o AR IR 1382 R AN AT i 2 ERtESAABRSHEEBIROALER
%ﬁ!&‘k , ff%}i",lj%%% }ZE: i%ﬁ E:F , lﬂ%%ﬂﬂ E‘J%"ﬁ% j( Fig. 2 Correlation between soil total nitrogen and soil organic
T B R BB SR e+ 3 R O AR AE . B2 RN carbon
BAEEMR LEAMBNEESHE, AFREH, K

x2 HELIBERTE
Table 2 Accumulation of soil nitrogen in plough layer/ (kg-hm ~2)

y=0.0758x + 0.5903
r=0.758%* n=35

2.50

B S5

Soil total nitrogen/(g-kg™)
N
=
S
T

B (ML) BHZ-£5(0—200m) SR Bl AT LI
43 A TR R E AR EPERN S PN LERS
Treatment N storage of plough layer Net N storage N storage of plough layer Natural recycling of Artificial recycling of
(depth of measured value) (0—20cm) organic carbon organic carbon
CK 4374 d -320 3282 b 1368 0
N 4717 bed 23 3920 ab 1702 0
NP 4638 cd -56 3870 ab 1982 0
NPK 4522 d -172 3764 ab 2192 0
C 5339 ab 645 4210 ab 2132 4235
NPK +C 5401 a 707 4419 a 2650 5786
IS 5255 abe 561 4379 ab 2090 2842

T [FFIAR RIS BERIR 5% 225 Bk (P <0.05)

AREIEANE TR R ISR S (3R 1), A AL G ER A A AL 2 + e 2 B PR 0 B2 Je K, 17a F
BIREAR T 28. 0% , K3t FA LA - BIREAR T 15. 8% , 35X 5% HIRFBR /K 23 BRE56 O%, 55 S F AR ZESE B ALY
) R TE BB R H A ERRIEERANERRERZ " . ARG RS E OB BRTENZ
TIREE AL, AR AK (2) HEHE LRETHEE . R SREW, KPARERMF T/ EHE L%
JREBE B2 HE R AR A , 5 SR I AR LR A B i (3R = W 17. 0% ) o K FE IR 306 3 BA S Bt /2 - 42 12
WA AL AR, SR EZ A B & R IEMCCR (B 3) , BB X iR ZEUN 4. 6% o HBLAT I, 43¢
AT LRAM RS WS H—E LRGITHR

m g" g 26 $=0.6611x +8.9742 .
BT B R AT MR B RS R O R — B2 r=0803%,n=7 ,
NBHEF o Bo5 s .
WREERFIHRAAL () L RAMR. E2 | %
2= 236 P— . .

SRFW, KAV REAF B ERRRE L% 220 *230 24.0 25.0
SRR (3 2) , SR K AT A LU PRI 55 R EE Y 18. 8% Mensured vl of losgh lyer ticknessin

HFALIEXS + IR i B AE A B, K3 A AN (N
Ab3E) TR A B WA 1875 (0. 5% ) , T NP NPK 4b 3
TIEAE R AR (AR 1.2% T 3.7% ) . tHXK
PES TR, TIBAMEZ I (y) SEREVERKIHE &

B3 RETEENEESHEEEMNEXXER
Fig.3 Correlation of plough layer thickness between measured

value and estimation
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(%) ATFHZAETTHE v =0. 1766w + 4249. 8 KZZ/R (r= 0.933"" ,n = 8) o AR RIE LIRAEME S EMEE
B, BRI REBFZ R (20 em) X RUBEBHEAT AR, S5 RRWILA 20 em 1R NGEHHIRE , TIRAMH R 568
JER B R RAEEAR P AS T 17. 8% , T BL-5 AR AT AH LR B AR (R R BE P35 14.3% ), Horh 3%
SRAGREEFRAH CLLH HIRAMEL, 10. 3% ,NPK + C L2 59 5k Bt % T 1R 5 Al , 35X 3% B A TR
RGEVHEE (20 em) HATAE RBERKITE R BB AR 750, LUE SR B AL A B 20 T AR
A 82 R R 22 etk , R R B A5 BRI A A AL B (e Ge v 22 S PE e/ (3R 2) o

MR HTAT A, TR e RS HIRAVBRA R BEF
MIIEARRSC AR (1 2) , T - Hlie 5 & (2006 4 ) 5
FRAVBRKTE BB AR B ERHERER (r =
0.989"" ,n=7), & LMER LK AERE, AL
Yy RAEFR A AR T S LA LR S B R 2R
B, AR TR 1 R R Y, AT DL SRS A R

S
S)
1

y=-0.0147x + 1.5152
. r=-0.911** n=28

T E
Soil bulk density/(g-cm™)

0.80 L ! )
RF BRI R, IR+ A A B 00 T T
*ﬁﬁ% E‘Jﬁ*ﬁ?&%% (B 4),fBHAES g%ﬁ;ﬁ . j(i‘ Soil organic matter/(g-kg™")

HRKBENY RFEH L IRA R SRR EE]F Hd4 EHIHLFOBEE T BENBOENHELER (1994,
Ao @ BB ATE TR R SE, B AT 1998.2002.2006 450E)
LB R R R RS R L B T W AR5 {k %) -4 Fig.4  Correlation between soil bulk density and soil organic
U AT R matter (data of 19941998 2002 .2006)
2.3 TEHBAEEEA TS T

EREH AR R NE st AR RN, E R E R KA E R TR, B &
WHBAERFTE 3—4 thm P FEHABRE R HREFENBEHNES RS, KRR R, 3580 H
B 17a RHEAETAER(CK 43 , A= BB 5.8 t-hm 24 (A S) 8 THEHE~&, %
BASBREERERELAN BEARE=RREWEERE B0, b T8 E R R A2 A8 i i
BRI K AREAREES TUE, EIHAEE AR AEREBH Bl 178 KW #h X fE
e X A UL 2 B, R T A R K AR R B C 3k 80—90 kg-hm ea”! mE T AR K9 1530
kg-hm *a™", NS0 AE H B AR AR WEEWRHES A SRR CK AR A ARA RS X
90 kg-hm LA I ,17a J5 + LR A& BMASEREIEA AR (5510 8.0% F1 6.9% ) , 7] WA BAA i AL + AR %
HEA DR IH IS , TR E BRI T R, 7 B ALY R R BT XA 358 N AR fb A
fiE, 3X AT RE R ORI AE AR = R S EE R R Z —.

NE5 PK [EECA T REIRE N BRI R 2= FI R MREA - &, WEAIE(NNP &3#) WA= 'ILK

[ —e—CK —X—NPK —a—Js —o—N ¥ 1

11—% gji\g;g/&\\f\\f 1;

el

~
T

mari
Rice yield/(t-hm™)

W
T

3 3
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AEHF Year

BS KUHEENEE~ENZN
Fig.5 The effect of long-term fertilization on the rice grain yield
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HIARHEAE (CK) SEXI R 27. 6% , P2 B4 BI4ERF#E 6. 6 A1 8.2 t-hm ™, T P-4 it AE ( NPK) 7= 5 48 5 0 &y
62.1% (SF-X¥7=8H49.4 t-hm™*) . N [¥ii i BRE , & NPK 32401 F e A, ki iR R A S R
SRy N B2 AR Rt N AE, N BRI R R FHRBAR (LR 2.8% ) , T 5 P.PK JERC & it J5 HoAR % F %
SRR 8. 8% 1 13. 1% , A gL A WFF R, L0 A H A YL RGP 1| R B 3 7= 2008 , B2
BE% NPK AERC &R R B3R , A VLRGSR A A 3 = 200 2 A B PR3 X B FRABARR K
MR T R A FHRE, W NPK + C Ab3 5 NPK b 3EAHLL N ARRH T 77.8% , A ~ERE T
9.5% , A N A2 FIFFAPEAR T 29.6% (LK 8.8% ) , /] WATH K& N RIBAREMRT N #R2F
A%, £468% 0N, it N JEREH EKREER N AR AF R IEREE (A 15—20 kg-kg ™' N FF&#] 9.1
kg-kg ™' N) EEFEREZ " B N IR MRt EEERREZ—" . NPK B &P A N e
HIE B AR RS N BRI AR WA R, HETIRE RS H A R P FA7E N IS A o &R, 58S 2=
LB R EIB AR IR E N IEF R AT s

ARKIEA AR E TR EBAEALTE IS, 5 NPK A3 AH L N B ERA T 173, A 172 FsFE
M. 17a [)iA50FRH,JS 5 NPK b HEFE AR EA BEZR (P <0.05, & 3) , P& W4 B A X iR 2 P H{EAL
H3.2% . N BN & HESRE IS b3 A N &5 NPK A 3EAH AR T 8.3% , 1 NS &S T
9.0% A N HR¥AFFHRRE T 12.0% . 7] W, fELIERE HE R A= IR E B T ERHEH 8
B R R P AT Y, A K3 N Rt & 180 kg hm ™ H] AZERFLT RS H P~ B AE 10 t-hm 245,

W& NPK %430 P A, SR Y B A HAES REH N &2 585, N NP F1 NPK 403 N KA |
WP ERREENRHEGEE, 5 IS A& 1 72. 6% Al F N JEZELL KR £ sk B
BIRAD A= s R RAE SRR N B8/ 3) AUEALIE N X+ AE MR R ERAH
B, F#HEARE R N B8 IS A3 A3 in T AVUIEERT & SEA R LLE, i 8 2= L EAER
MR, MNEMANEERAN AR ESBEARRE . A5 N R A G E (R 3) BA KR
B, (HZE 25 i BB A DX Sl e A 25 R e I AR AR i A G 2138 AR 7= ) 2 284, 7R B X E TR K
MR TRITER A N B RSB TR .

*3 WBHERNEZEAGH
Table3 N input and output

fh3m F4A N input/ (kg-hm~2) ZkiE N output/ (kg-hm ~2)
Teament  MOE I i e e i s
Chemical fertilizer Pig manure Rice straw Green manure crop residue Rice straw Rice grain
CK 0 0 0 0 8.1 29.0 59.6
N 274.2 0 0 0 13.1 49.1 89.5
NP 274.2 0 0 0 13.9 54.0 97.4
NPK 274.2 0 0 0 13.2 58.5 111.4
C 0 28.3 46.4 63.4 12.5 46.4 101.4
NPK +C 274.2 39.5 84.8 9.1 16.4 84.8 140.0
JS 182.8 0 66.6 0 14.1 66.6 118.6

T R ER A 1990—2006 4R34 {5

3 NG

FBHASRENEVY REFF ARG AEEHEEERS HELASE, Wn#ZE T RAME, K
W FACAERT 3R A S BN, TR TR RN, A VEE B IR AE L SRR A E
2

LR A B R WA R stk AL B B IR SRR B M N ERRFF AR, PEEER &R
Vit REH — PR SRR Bl TRA N E5 R MR T N R 2F R, T it 5 % & NPK
JEA = EIFRE BEER, RIS THRA N RRR2EFI R, 7] WAE B ATEAER O AR 5T 405
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