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KA WEE X KBEKRFIRESR BRI
IR, HAT, FH, BYY, EN, DK, KL, BER

IR IR SE T, IR Kb 410125

R KIS RmRE s, SRR AS (Oryza sativa L) R EB B EER LM, BFEA EREAEA X
XU KRR T )BTRS B B 5 A FC s me, X T3 o sof | R A R BRI 7 2 Kl
KHEEMRE A5, B SEIT ER G T T EAATE 31 ARRAL (MF) | FSFHAHHEIE (RF) | 30%A LI+
BIE (LOM) | 60%AHLAE-EAE (HOM ) FITCAEXT IR (CK) 5 FiEALALBEXT /KRR A0 T BTAA . B . SRR S5 EL
B, ZEREN, BREAMGEREREY, SR KRR T YA B . R B B R R Y R TR R
15T CKACH s AR REHIAR S ) BT IRl AL STk & T CK AR, O/ MIBUT 3R RFE>HOM>LOM>MF>CK., B , HOM
AEEZE | FERIHL AL, BEAIAR R AR R R E ST MF Al CK AbHE (P<0.05), HrhaEEMBE RS0 CK ARBE N
T 11.61, 14.38. 4520 F171.19 kg'hm™?; B ER/DHIH CK AAFEIN T 2.42, 1.64. 13.83 Fl 17.89 kg'hm™; 4R E R
A3 EL CK ARBEHEAIN T 35.34. 9.78., 15.12 1 60.24 kg-hm?, MEREMRAGY, RF 40HEZE | AR R R B ER T LOM fl CK
REFR (P<0.05), Z35IH CK AN T 6.91 kg'hm™ 1 9.38 kg'hm?; HOM AZbFE2E | nf | FUFNHE B4 Ao AAR 2 TR 2Ly
W& T MF, RF, LOM Fll CK ZbHf (P<0.05), #ZEFIEEAHIH CK AABEANT 2.55. 1.39. 10.56 1 14.50 kg-hm™; £f
HFE R CK LI T 43.84., 7.35. 7.77 F158.96 kgthm?, MM, KGRI T /KRR M0 T B g4y
FUEIH g miERiiz, R URFE N . AYURER GRS itSA TR KA T YRR R 5562,
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IKFE ( Oryza sativa L. ) &7 E F HEZ AR EE
W2z —, FKFEFIA AR A e X [ G A 7 e 4
HAREZEEIEE X (FR/DFISE, 2009 ), KFE™
WA Z R, it RS2 i K R = 5 1Y
KA R Z — AR, Rl R A = 2R A
SRR, Ok AL A 7R B Tk A AL
NERSEEA . K TARNE it & o AT S5+ i ks
Xl A P FnAe A S B B TIE 2, £
Mo & XTI TT R T AR B9F5E ( Gao et al., 2002;
Roelck et al., 2004; 5KIBZESE, 2017 ). A AWIFE
IR, A HL-TCHUIEBCHEA R T 7855 A& 45 BT it FH RE L
I, MOEREASIHEE, ke RER,
PEEKBETY R, AR TSRS (53¢
B4, 2016 ),

HT A [R] it AEAS O A8 FH - SRR AR R | 1L

YR IREAEHER . EMAEKEE . M
PRARERME | B IR L KRR TR TR
HIRESE . RIIRIZE (2006 ) BFSEIAN, A DLIE
s A HUAL BC it f0 AT e 5 3% 18 e 3 TE A L
ORI RS PRAE I, ZE0L5E (2010 ) WFFR 45 SRR H
KIAA HL-TCAURE BE A P A 2 T 38 K T R IR
A, BT HIERBREE S . HRRAMESE (2012) BFSY
IR, KIAEPL-TEHUEEC A G, nT i 25 3 e A
e Sy, HEsR - R IE YR, AR T e g
J1o EJEPESE (2004 ) LS RE], SEACAE .
Jites FH A MR XA A 2 5 R - S8 g Ak o £
MBI . RSERESE (2010 ) BFFTIAN, HEFHAHL
B 1) 46 v e A 39 Al A W 1) e 05 ) 3 R
HEYIREIE T BEZAEYE . Tang et al. (2016 ) fF5845

FEH, it AT AILACHE in TR R e A AR I R

EE&WB: ERAREMIE CRIL) BHFLE (201503123 ); WIFE BARRAILETE (2017101018 ); ER AKFELTH (31571591)
TEERN: BN (1980 44 ) , B, MRS, Hid, BitA S, FZNFPHEESRIEREDSL. E-mail: tanghaiming66@163.com

R BEHEA: 2017-12-05
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SRMHE R ML AR ERN . KAaTEE (2005)
W R B, KRG SRR . . AR
SRR . REAE (2014) BFRRAS R,
JNJE 7 R RO ENE B R N 150 kg-hm™ . P,0s 120
kg-hm™, K0 105 kg-hm™ ) 7K AR MR . B0 A1
W T R IR B, ZEER4E (2011 ) BFSE
NN, TEAR RSBt SRk L it RS i 1 7K F
MRS AE B AR S . 2 BEEL. T SPAD A5 6
Ay, PR T HIMRIAE S, 45908 TRE
UK &, HOBAEZE (2017 ) WFE4sREW, i
RE AL PR ] F 0L K RGP R4 BE, HE KA 47 BE
B, e R, AR SRR, AR
DX AN ) B4 B S it Iy =) - e AR AR |
KREE R AT . MRBL TS R . P B A
F AR, it P A HLAEA R TR 4 . ok
KRB AR, DO S KR P i

FA T ORUZERG DO P [ R AR X, HA
A T R X R R E R B R H e B
T EE RIS L BTSSR T AN
Jite RO O AR H -394y . IR SRR, 7K
FEAE Y2 AR RRE . P S T B s (HR
MARSE | 2012; EJEIESE, 2004; MRES, 20105
Tang et al., 2016; 25304245 | 2015 ; R4, 2015;
tR—225%, 2015) o AN[FENEACERIKFAE Y22k
PERZ I 7 T PRI 45 SR B, B HL-TCHLAE Bt A A
TUMEKREA TR K R AR R A KR (A
AR, 2013; EAMEAREE, 2004) , dREHKE TR
PRGN 5 (FREHAE, 2015; Rh—224, 2015),
SR A A 3 2 A0 it I 2% 17 T an ol i P A HE 2R 2SR
B HGE BRI B S s R 0 R G
FEED . T HIAR WAL SRS R R AL R
SRR, ARFIELIESE 31 AR AR
REE MRS oA FERE, FF AR E A 5 A2
FERE IR 45 5B 57 40 SRR B NFR 2 S E O T
DU A e SO X% 43 e RO FH 3k 6 e A 110 it
REAL B LRl 2E BB
1 #REFE*®
1.1 RIS TR

ANl AEAR e A7 5 iR T 1986 4, TEibIRg
BT S B PO (112°18'E, 28°07'N) NiEFT.
THL XA R XU RE F2 7 X, MR 36.1 m, 4FEH
S 16.8 C, 4PN 1553.70 mm, 478K
& 1353.9 mm, JCR] 274 d. X5 15 R KR
+, WV R, FRAE T E K ( Hordaum
vulgare L.) —XWZERE, MEJrhaE, HERE AR AT
1986 4F R ATHEZE T3 (0~20 cm ) FEREAE TS : H
P 29.39 g-kg' 2% 2.01 gkg! 2B 0.59 g-kg'.

441206 g-kg! BB 144.1 mg kg AR 12.87
mg kg . HAH 33.0 mg-kg! Fl pH {H 6.85,
1.2 RWIETH R HEEE

W 5 M HEAEALRE . (1) fRABALRE . i .
W AL, ANHEAE AT HLAE ( MF: mineral fertilizer
alone ); (2) FEFFIA H+HLEALHEE . i FHRE SRS AT
LAEAbFE (RF: rice residues and mineral fertilizer );
(3)30%A HLAE-HEABALEE . A HUAE A& & i
F ) 30%, HAy 70% MEAEZE( LOM : 30% organic
matter and 70% mineral fertilizer ); (4 ) 60% G HLAE+
FEREALEE . AHUEA RS = A RS E R 60%, H
A 40%A1LAIE% (HOM: 60% organic matter and
40% mineral fertilizer ); (5 ) JCAEXT IR . ANjiti T fa] AE
#} (CK: without fertilizer input ), £E~/NX 1 10.00
m, $% 6.67 m, M 66.7 m?, /NX[E FKJEIEFETT,
HEYR 100 cm, & HTA 35 emo BRI /NX ST,
ANEEEHE

PR RO RRD 45 %5, F 2016 4F 4 H
5 Hikfri&ah, 5 H 3 HE5E R M i 1 5t
HE, 5 A 4 HRkk, 7 A 25 Bk masatiat s f
DL 9113, 6 1 28 HEFP, 7 H 28 HE5&HEH
TIERBG AT, 7 A 29 HEHR, 11 A 6 Hik
o FAEMBGREER N T AL, BRI TRIEY R
25.0 cmx25.0 cm, S0P ISR AR N FEME, AR
R B FEFACIERNE , PRUERE— A A A A
ZE M AEALEE N | P,Os A1 K,O Jifi H 3 —2; 548
A WA M IR ALHR S AR N 142.5 kgthm™, P,Os
54.0 kg'hm™ . K,0 63.0 kg-hm™; MaFsA: & A& e
LI AT N 157.5 kg'hm®  P,0s 27.0 kg'hm ™ . K,0
81.0 kg'hm™; JEfHAHUIERYALIR, FLARFINGRS A
MURER M B A0g2E  AEZE 30%A HLIEFT 60%A HL
JE &b BEAT AILIE A it H = 4 %1 8 2625.0 . 5250.0
kg-hm™, BEREZS 30%A HLIE AT 60%A HLAE AL B4 HL
It FE B 350K 2 670.0.. 5340.0 kg-hm™ (A5 H1
I & BN N 1.77% . P,0s 0.80%7F1 K,O
1.12% ); F5FFA HECHEILARAL B, FARZEASFTA H
4 2850 kgthm™, WEAEZFE ARk [y 3000
kg'hm?, FEFFH N, P05, Ko0 S50 510 9.1%.
1.3%F01 18.9 gkg' . FREMIGEREZAMEACALH N Al
K,O YEFEE LB AL 2 Kk, FEACZEREHAS A
BIETERALS 7 d i, FEENE A3 7:3 i ;
AHUE ., FEFFRT P05 7B VE SN — R PR
Ao LA PR ] R A =
1.3 HmEEMNZE

2016 4F 11 H, FHuRE s 8 R AE it
AE AL A HEEZE 3 (0~20 cm ) #E&, KT ST
i, AT pH (. AU, 2% . 2.
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SR BRI R A A, e ik
ZLSCHk (B4 H, 2000 ).

2016 4%, AEKFESTREIA AU, FRAER
HERE 5 TOKREIEA T T E o FFREAR ST 25
HFIRE 3 34, 1E 105 CH&MTFAT, 80 C&Mt
T EEE, WA TR ER . S
MR TR E S TR, i 40 B, Mk
BRI AL AR, N, P, K S E4 %A Auto
Analyzer3 ( AA3) HZL BN I, KIGHIEEE
FHIAE

KRGS T RAE . 2 s
S Y F A . SRR R . 2B DT
R Fh RS 9 o [ Ak DTk 3R e 224 S5 (2013 )
T

KW (gplant™ ) =R 2L 5
A ZE

S Y F L (gplant” ) =B T4 5
S-S T Y

ZEMY TR AR (% ) =B R -l
PR ) A A 2R T B < 100%

R TR (% ) =(HEEEIZE T B -k
PR ) A RS A T < 100%;

AR ) BT AL DTk (% ) =(BUAI T i -

A T 57 )/ A AR 75 BT i < 100% 5
1.4 HIEFEITSHH

RIGLE R 3 KR B FHERR, RIR%
K Microsoft Excel 2003 {47403, KA
SPSS Geilifbiir 225 B EE AT .

2 HMEER

21 AEBEEXMKBEKTYRRESEIE
Al

211 FTHhRRER Iy B

FL L WEAE R, AN (R A Ak B KRR R 5350

A T4 SRR B i8R/ Y e R > 25> (3R

1) FAEFFRIA A, e (MF), g
H+HEIEALEE (RF ). 30% A HLIE+-LIEALEE (LOM )
H1 60%A HLAE+HLAEALBE ( HOM ) /K REAE AR A7
BT EEEES T (CK) 4
(P<0.05), FRFEFFREMAANZGY, HOM AbHHFE IR
FZETE 4 B3 & T MF 1 CK 4b2E ( P<0.05 ); RF
LB RE R IR B B ST MF, LOM Al
CK 4b# ( P<0.05 ).

MR S R AU, MF . RF, LOM 1 HOM
CERRIRRAGZE . MR RS B E AT CK b
( P<0.05 ). WaFESTREG MY, LOM 1 HOM 4k
PAEPRAYZE T B 2% 5 T RF F CK Zb#; RF 4k

F1 KEFREEERX M KBEKERE THRRARNZW

Table I  Effects of different long-term fertilization managements on dry matter accumulation in different parts of rice plant g plant”
. Part Total dry matter
Rice Growth stages Treatments - .
Stem Leaf Panicle accumulation of aboveground
MF 1.49+0.04 b 0.48+0.02 ¢ 0.84+0.03 ¢ 2.81+0.09 b
RF 1.52+0.05 b 0.61+0.02 a 1.11+0.02 a 3.23+0.09 a
Full heading stage LOM 1.58+0.04 ab 0.51+0.02 be 1.02+0.03 b 3.11+0.08 a
HOM 1.67+0.04 a 0.54+0.02 b 1.08+0.03 ab 3.28+0.08 a
Early rice CK 1.02+0.03 ¢ 0.35£0.01d 0.57+0.02 d 1.94+0.06 ¢
MF 0.96+0.03 b 0.37+0.01 b 2.02+0.07 ¢ 3.3540.12 b
RF 1.04+0.03 ab 0.45+0.01 a 2.74+0.06 a 4.23+0.10 a
Mature stage LOM 1.10£0.03 a 0.38+0.01 b 2.48+0.07 b 3.96+0.11 a
HOM 1.14+0.03 a 0.40+0.01 b 2.58+0.08 ab 4.1140.12 a
CK 0.88+0.02 ¢ 0.30+0.01 ¢ 0.99+0.03 d 2.17+0.06 ¢
MF 2.15+0.07 ab 0.71+0.02 ¢ 1.42+0.04 b 4.28+0.14 b
RF 2.01+0.07 b 0.88+0.02 a 1.77+0.04 a 4.65+0.13 ab
Full heading stage LOM 2.29£0.05 a 0.78+0.02 b 1.48+0.04 b 4.55+0.13 ab
HOM 2.40+0.06 a 0.84+0.03 ab 1.65+0.05 a 4.88+0.12 a
Late rice CK 1.14£0.03 ¢ 0.43+0.01d 0.83+0.02 ¢ 2.40+0.07 ¢
MF 1.64+0.05 a 0.62+0.02 ¢ 2.66+0.09 b 4.93+0.17 ¢
RF 1.49+0.05 b 0.76+0.02 a 3.44+0.08 a 5.69+0.16 ab
Mature stage LOM 1.74+£0.04 a 0.67+0.02 b 2.87+0.08 b 5.27£0.15 be
HOM 1.77+0.05 a 0.72+0.02 ab 3.33+0.09 a 5.82+0.14 a
CK 0.98+0.03 ¢ 0.39+0.01 d 1.36+0.04 ¢ 2.72+0.08 d

MF: fLit; RF: #EFFEHHLAL; LOM: 30%AHUIL+70%LAL; HOM: 60%A7 HLIE+40%LAL; CK: JEAL. [IFIAARIR/ING FRER R L35 2 5
(P<0.05), Tl

MF: Mineral fertilizer alone; RF: Rice residues and mineral fertilizer; LOM: 30% organic matter and 70% mineral fertilizer; HOM: 60% organic matter
and 40% mineral fertilizer; CK: Without fertilizer input. Values followed by different small letters within a column are significantly different at P<0.05. The

same as below
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PRAE AR AR T 34 8 25 5 F MF. LOM fil CK
SRR, WEARST RG], M AT TR 2R
B R/MIFZEIH HOM>RF>LOM>MF>CK , HOM
AT 255 T ME il CK ARFE (P<0.05),
212 Tz

S EACAL B RARFE AR AR . MY s R
R CK 48 ( P<0.05); M, HOM Fl MF
L PRFEAROZE T ik B B %S T RF, LOM
M1 CK 4b#E, RF AbFERLRE B -9 i iz e i 2
T MF. LOM. HOM H1 CK 238, 4% it AE Ak BEK Fe
AR Y R FE R EE ST CK A
(P<0.05), HrLL RF ACFRASRE AR S 9 5 R4k
WO, BT HAAN R A A AL B K AR A
PRZE | M SR R AL STk R = T CK
AL 45 il I A B R A 40 5 ) Ak D pgk % 4
=T CK AR, R/NIFHRI K RF>LOM>HOM>
MF>CK (#£2),

S EACAL BRI AR A AR 2R . T s
R CK A (P<0.05); i, HOM kb3

MEET Y a5 T MF, RF. LOM #il CK
LB, RF. LOM F1 HOM AbFRAE#R G4 JBiks
iE BB EE T MF F1 CK L3, RF AbFEAE b i
e bR N R, B ST MF, LOM, HOM
I CK AbFH, R iR HUK AR . Y Biis
RRNZEM Y v RkR I R T CK ARHE, 45 itEAn b #E
FE MR 4 5 R AL DTk R 45 1 CK Ab#, HoK
NI 2630/ RF>HOM>LOM>MF>CK ,
2.2 AEHERETXT KSR RS G220
221 KRBHEMEBERERRE

B RUN], LOM Fil HOM AbFRAE AR 2L A =
RERHYBFEET MF. RF F1 CK 43 ( P<0.05),
HOM AbFER-Fsth B E L R B35 T MF,
RF il CK b3 ( P<0.05), RF, LOM #1 HOM &b
AR R 2 5T MF fil CK ZLBH( P<0.05 ),
MR RWHIE, BT S B, N 68.82%~
78.16%; ZER/N, H 12.70%~15.41%; I F @,
9 9.13%~16.18% (33 ),

e et 28], RF A1 HOM Ab3EUAH PR 25 A 25 FH 2

®2 KEWMERTURNEE

Table 2

Dry matter translocation of plant after heading stage of rice

Amount of translocation/

Material assimilation Material translocation rate/ Material contribution rate/

Contribution rate of

Rice  Treatments (g plant™) after heading stage/ % % material assimilation
Stem Leaf (g plant™) Stem Leaf Stem Leaf after heading stage/%
MF 0.53£0.02a  0.11+0.01 ¢ 0.53+0.02 ¢ 35.61 23.04 26.33 5.48 26.43
RF 0.48+£0.01b  0.15+0.01 a 1.00+0.02 a 31.29 25.09 17.36 5.56 36.59
Ez.irly LOM 0.48£0.02b  0.13+0.01 b 0.85+0.03 b 30.23 2531 19.26 5.22 34.24
nee HOM 0.53+0.01a 0.14£0.01 b 0.83+0.02 b 31.88 25.40 20.66 5.31 32.18
CK 0.15£0.01 ¢ 0.05+0.01 d 0.22+0.01 d 14.23 14.82 14.69 5.20 22.27
MF 0.51£0.02b  0.09+0.01 b 0.65+0.03 d 23.65 12.63 19.14 337 24.43
RF 0.51£0.02b  0.12+0.01 a 1.03+0.02 a 25.64 13.77 14.97 3.51 30.01
Late rice LOM 0.55+£0.01b  0.11£0.01 a 0.72+0.02 ¢ 24.02 14.68 19.17 4.00 25.20
HOM 0.62+0.01a  0.12+0.01 a 0.94+0.03 b 25.97 14.52 18.69 3.68 28.18
CK 0.16£0.01 ¢ 0.04+0.01 ¢ 0.3240.01 ¢ 13.80 10.23 11.61 3.25 23.91

®3 KPFEMEEIMKERAPEKSRERRZREENIN

Table 3 Effects of different long-term fertilization managements on N accumulations in different parts of rice plant at maturity stages
Stem Leaf Panicle Total N
. N Ratio to N Ratio to N Ratio to  accumulation of
Rice Treatments N content/ N content/ N content/

% accumulation/  total/ % accumulation/  total/ v accumulation/ total/ aboveground/
(kg-hm?) % (kg-hm?) % (kg-hm®) % (kg-hm?)

MF 0.57+£0.02b 12.43+048c 14.14 1.10+£0.03 b 12.36+£0.52¢  14.06 1.11+0.03 bc  63.12+2.22b 71.80 87.91+£3.22 ¢

Early RF 0.58+0.02b 13.75£0.47b 13.89  1.15£0.03b 12.87+0.42c 13.00  1.21+0.03ab 72.37+2.18a 73.11 98.99+3.08 b
. LOM  0.62£0.02b 16.45+0.39a 1541  1.22+0.03a 14.75£0.37b  13.82 1.25£0.03 a 75.53£2.08a 70.77  106.73+2.85 ab
e HOM  0.714£0.02a 16.77+0.35a  15.00 1.2240.03 a 18.09+0.35a  16.18 1.30+0.03a 76.95+1.82a 68.82 111.81£2.53 a
CK 0.38+0.01 ¢ 5.16+0.15d 12.70 0.72+0.02 ¢ 3.71x0.11 d 9.13 1.01£0.03 ¢ 31.75+091c¢ 78.16 40.62+1.17d

MF 0.3740.01 ¢ 8.57+0.34c¢ 1094  1.03£0.03a 12.46+0.38a 15.90 1.07£0.03b 57.3242.03¢ 73.16 78.35£2.68 b

RF 0.48+0.01 b 11.78+0.34a 13.11  1.07£0.03a 13.31+0.35a 14.81 1.10£0.03b 64.78+2.04b 72.08 89.87+2.63 a

Laterice LOM  0.37+0.01 ¢ 9.75+0.28 b 10.66 0.79+£0.02b 10.95+0.31b 11.97 1.21+0.03a 70.79+1.87a 77.37 91.49+2.59 a
HOM  0.55£0.01a 11.91+0.24a 12.81 0.75+0.02b 10.47+0.30b 11.26 1.174£0.03 ab 70.61£1.65a 75.93 92.9942.26 a

CK 0.3240.01d 4.87+0.13d  11.83  0.63+0.02c¢ 3.93+0.11 ¢ 9.55 0.92+0.02 ¢ 32.35£0.93d 78.61 41.15+1.18 ¢
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HHBEET MF. LOM #1 CK 43 ( P<0.05 ),
MF #1 RF HMARHEREE ST LOM,
HOM i1 CK 4t ( P<0.05 ), LOM il HOM Ab R
i F AR REYRERT MF Al CK Ab#f
(P<0.05). WREEIFE, TS ke,
72.08%~78.61%; Z58/N, A 10.66%~13.11%; It
HIEH, 5 9.55%~15.90% (%3 ),
222 KBHEMEBREHERRE

BB, LOM 1 HOM Ab U bk 2504 1
2R B FEET MF, RF Il CK 43 ( P<0.05 ),
HOM AbBEM-# 2 F B 44 [ 3% = T MF,RF, LOM
1 CK AbFH ( P<0.05), LOM il HOM Ab PR FiHh
LR EEY B E ST RF. MF fl CK Ab#
( P<0.05 ), RF F11 MF 4b 3 1] JC i 34 22 57 P>0.05 ),
MR RHFIE, SRR, A 80.37%~
89.06%; Mix/IN, K 3.49%~7.69%; ZXJuh, K
7.45%~11.94% (£ 4),

MRS, HOM ACFHZE | | FEFIHD 3R
SRR R R RS, BB E ST MF. RF,

LOM #1 CK 4b3# ( P<0.05), LOM F1 RF &3
ZHERY T EET MF Hl CK A3 ( P<0.05), {H
Wi )G B F 22 7% (P>0.05), MF. RF #il LOM
AEEREA R R e AR T CK b
(P<0.05). WRLELGIE, Fur S ez, ~
79.80%~89.50%; Mi/IN, K 4.02%~7.25%; XJ&
i, N 5.74%~12.95% (£ 4 ),
223 KGHMEBEHNERRE

BRI NI, RF. LOM Hl HOM AbFiAhkkZE
HRZEFH R B T MF F1 CK Zh3 ( P<0.05 ),
HOM AbBHn | FEAIH R A R Rty
=T MF, RF fll CK 4P ( P<0.05), MF Fil RF &b
POK FE AR AR A L3 i Z LR B B S
T CK ¥ (P<0.05), {HF[HIIAT0 0257
(P>0.05). WRELHGIE, 2o b flmk, ~
63.79%~74.84%; MR /N, K 7.61%~12.18%; F#
fEdr, R 17.16%~26.43% (£ 5 ),

Mo U, HOM AbFEAEREZE . M FAIHE
AR E A B B & = T MF . RF, LOM Al

F4 KPFEMEEXIKERAPEK SR ERZIREENIN

Table 4 Effects of different long-term fertilization managements on P accumulations in different parts of rice plant at maturity stages

Stem Leaf Panicle Total P
. P Ratio to P Ratio to P Ratioto  accumulation of
Rice Treatments P content/ . P content/ . P content/ X
% accumulation/  total/ accumulation/  total/ accumulation/  total/ aboveground/
(kg-hm™) % (kg-hm?) % (kg-hm?) % (kg-hm?)
MF 0.06+0.00b 1.45+0.08 ¢ 8.17 0.08+0.00 b 0.98+0.05 d 5.52 0.24+0.04 ¢ 15.3240.56b 86.3 1 17.75+0.69 b
RF 0.06+0.00 b 1.724+0.08 b 8.99 0.09+0.00b 1.13+0.04 ¢ 591 0.29+0.05b 16.2840.56b  85.10 19.13£0.68 b
Eérly LOM  0.12+0.00a 2.85+0.04 a 1193 0.15+0.00a 1.62+0.03 b 6.78 0.32+0.01a 19.41+046a  81.28 23.88+0.55 a
e HOM  0.12£0.00 a 2.89+0.04 a 1194  0.16+0.00a 1.86+0.02 a 7.69 0.34+0.01 a 19.45+044a  80.37 24.20+0.51 a
CK 0.03+0.00 ¢ 0.47+0.01 d 7.45 0.03+0.00 ¢ 0.22+0.01 ¢ 3.49 0.17+0.01d 5.62+0.16 ¢ 89.06 6.31+0.18 ¢
MF 0.04+0.00b  1.09+0.09 ¢ 6.67 0.05+0.00 ¢ 0.78+0.05 ¢ 4.77 0.26+0.01 b 14.47+0.57d  88.56 16.34+0.72d
RF 0.04+0.00b 1.254+0.03 b 6.82 0.07+0.00 b 0.95+0.02 b 5.19 0.30+0.01 a 16.12+0.52¢  87.99 18.32+0.58 ¢
Léte LOM  0.04+0.00b 1.17+0.03 bc 5.74 0.07+0.00 b 0.97+0.02 b 4.76 0.30+0.01 a 18.24+0.46b  89.50 20.38+0.53 b
e HOM  0.15£0.00a 3.23+0.03 a 1295  0.13+0.00a 1.81+0.02 a 7.25 0.31+£0.01a 19.91+0.41a  79.80 24.95+0.47 a
CK 0.04+0.00b 0.68+0.02 d 6.51 0.05+0.00 ¢ 0.42+0.01 d 4.02 0.25+0.01 b 9.35£0.27 ¢ 89.47 10.45+0.31 ¢

®5 KPFEMEEXXKERAPAEKSRERZREENIMN

Table 5 Effects of different long-term fertilization managements on K accumulations in different parts of rice plant at maturity stages

Stem Leaf Panicle Total K
. K Ratio to K Ratio to K Ratio to accumulation of
Rice Treatments K content/ . K content/ . K content/ .
% accumulation/  total/ y accumulation/  total/ 0 accumulation/  total/  aboveground/
’ (kg:hm?) % ° (kg:hm?) % ° (kg:hm?) % (kg-hm?)
MF 3.0240.10 ¢ 49.91+2.28b  63.79  0.92£0.03b 7.65+0.41c 9.78 0.37+0.01 bc 20.68+0.72 ¢  26.43 78.2443.42 ¢

RF 3.314£0.09b 76.14+2.27a  70.85 1.03£0.03 ¢ 8.18+0.35¢ 7.61 0.37+£0.01 bec 23.14£0.68b  21.53  107.46+£3.31Db

Eéﬂy LOM  3.50+0.07b 78.75+2.19a 68.67  1.18+0.04a 12.26£0.23b  10.69 0.38+0.01 b 23.67+0.66 ab  20.64  114.68+3.10 ab
nee HOM  3.63£0.08a 79.12+1.44a  66.63 1.26+0.04a 14.46+0.22a  12.18 0.44+£0.01a 25.16+£0.59a  21.19  118.74+2.25a
CK 2.43+0.10d 43.78+1.26¢c  74.84  0.75+0.03b 4.68+0.13 d 8.00 0.34+0.01 ¢ 10.04+0.28d  17.16 58.5+1.68 d
MF 2.13+0.06 ¢ 43.80+2.44c 7242  0.70+0.02b 5.07+0.35d 8.38 0.21£0.01b 11.61£043 ¢  19.20 60.48+3.23 d
RF 2.80+0.10b 47.50+1.74c  69.89  0.83£0.03a 7.97+0.32¢ 11.73  0.23£0.01 ab 12.49+0.40c  18.38 67.96+2.47 ¢
L.ate LOM  2.86+0.08b 60.49+1.36b 70.67 0.86+0.03a 11.16£023b  13.04 0.24+0.01a 13.94+035b  16.29 85.59+1.96 b
nee HOM  3.32+0.06a 84.70+£1.26a 75.56  0.86+0.03a 12.18+0.14a  10.87 0.24+0.01a 15.21+0.33a 13.57 112.09+1.74 a
CK 1.78+0.05d 40.86x1.17d 7691  0.40+0.02c 4.83+0.13d 9.09 0.21+0.01 b 7.44+0.21d 14.00 53.13+1.53 e
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CK 4t ( P<0.05), MF F1 RF AbBHE/KFEREARZE |
PR R ESY T E ST CK AR (P<0.05), H
Wi a4 00 i 2 22 5 ( P>0.05 ), MF . RF Al LOM
AEFRAE R RIS A R BB B E R T
CK 4b3 ( P<0.05). MNFLELEIE, 2507 5 il
K, K 69.89%~76.91%; M Fig/N, H 8.38%~
13.04%; FEJESH, N 13.57%~19.20% (% 5).,
2.3 AREMEEEXIBETERSHZMm

m# 6 Fin, Zad 31 FiEg K lR)5,
& W AE AL B AR FHHEZ (0~20 cm) HIEFE A&t
PR RS . NFEMEACA R 4R . s
FHLL HOM AL Es , 433 3.41.2.55 g-kg,
¥y T AAN O LOM B, 3k
277, 1.76 g'kg’', ¥R EFT MF il CK 4, 4%
AbFE] ISR pH [N B ETEE R
HOM 1 LOM &b P! - S it Z5URNAT %088 5 1834 Ry i
B Ak 2504, 212.5 mgkg! Rl 167.5. 91.6
mg-kg', HBEETHALT, HOM LbFE 41k
RS N, 15 49.8 mg-kg”, B T HAbAL
H; HyKJE LOM fil RF Ab, ¥R E 5T MF Al
CK 4b3f
3 itig
3.1 AEERERSKEEKTURRESHEIS

IKAEHEAR AT T R R 5 HAE K &
BIOIAREYIMK, THYFR S e KR a4 ik
fl CBRMIAGSE, 2010), [RIAS, /KR~ A& KS
FEARAE F=RE I AR AL In) AR B % B IS FERE 1 R &R
), M T Y s TR 2 B 2 R B2,
WPEYISSTURN G AL . R . HHEREE . HAE
IR E IR SR B FE e 45 5 T ( Virmani, 1996; Peng
et al., 1999; Kobata et al., 2000 ), AHFFELEHEFT
B, A M AE AL BRI T K REAEARAS 5B 70 0 T o
Bz e, HIFH R —r G 5
A HEAC TR I T AR R S (R 6), BRI
T4, RIS TR TR SR L T BRI,
AT I T RE AR AR B T4 0 R (VA4
2015; #—22%%, 2015); —Jvm, KWIARK
Jite RE A it VT A A 3B f etk . B 37y
(£ 6) , PhE IR ReE S R AR R A
ZIRIMER, BEERMRA B GBI, A3k

Bi7 1B KRS R (FIGEA AR, 20155 #—254F, 2015),
HERRAEA T A RS Wy LAt JREE T
25 YRR B AL RS, BN K RS 4 5 [
BTk

AN TR] it A Ak B8 18] K AB AR AR 90 o A 7= BLER R
FAn AP S 2250, FEFFAA AL B8 0 T FL A A
SUTAR R 0 i RS 4 I ) Ak e AR S 4 5 R Ak BT
mkE, HJFEHE R RER e H AT, Bl fbie
TEREFEAE RS AR B B R e, 34 T AR £
HERYR ., MRREEREFRET RIS RA
 (Hh—22%, 2016 ), 25 THRIMRSS TR T2 5
R R TYIRAESN ST e, (e TRk
25 MR AR E . 30%A HLIEAL BRI N T
o FE AR R ZE . sk R, SO N AE
30%A HLARECGE AL RS it T, K401-4 it FH A HLAE
A PRAE MRS AL B IAA T A UK i . RS
YR, MR KR R ENE SR (TR
— 245 2016), AN T AERRE AR E TR
R5HC, fEdF T MRERARZE . b B e R
MGz, e T 2B i g . 22 sTEkR
FH RS P R A e o RS FFAA A B T e A
MBS Y R R I R R L kR, X
R ERS FE A H At A58 T RS AT RO FR AR A 1) ek
e IESEHY | R B TE | BN IR A R
MR K A B R ESRY R (TR—25%,
2016 ), T AEF RIS S E TR ER,
P RTEZ . i T F e IR RS -4 5 ) A
MGz, e TSP R R TTEkR, ok
FEE P4 T ORI, I A K R i = it
YRR, X 5 A AR ( 2015 )AL AR AR ( 2013 )
IR 25 AL . TEA ST, FEFFE AT 30% A
HLAE Ak BRAF R 19 25 T 9 o % 42 1 RN W) o e i 63
I FH AL AR AL B, X2 P R 25 1 W) B i i R
m, SS8ud ZRZEFY R, SR ER, &
[ ZEAT Y B R K R R I TR A, X 5%
REESE (2015) BIBFFTEs A,
3.2 AEHEEERX SKkEEkKFESRE

Jite A 2 1 e KR = P S B i, AN [R]E E
Jiti 5 A AR A 2% B SR & i it A MU A
Tl gty , s Hea LR S EAE, K+

F6 KHEIEEXXREE T ERSHRMN

Table 6 Effects of different long-term fertilization managements on soil nutrients content (0~20 cm)

Treatments  Total N/(g'kg™') Total P/(g'kg™') Total K/(gkg ') Available N/(g'kg ') Available P/(g'kg ') Available K/(g-kg™") pH
MF 2.01+0.10 ¢ 0.67+0.07 ¢ 19.0+0.54 a 149.5+7.23 d 6.83£0.20 ¢ 31.3+1.44 ¢ 6.58+0.19 a
RF 2.28+0.09 b 0.65+0.05 ¢ 19.3£0.56 a 185.1+6.13 ¢ 5.48+0.16 ¢ 35.8£1.03 b 6.17+0.18 a
LOM 2.77+0.07 b 1.76£0.02 b 18.6+0.57 a 21254534 b 91.6+2.64 b 34.5£1.02b 6.09+0.17 a
HOM 3.41£0.06 a 2.55+0.02a 19.7+0.55a 250.4+4.32 a 167.5+4.84 a 49.8+0.90 a 6.32+0.18 a
CK 1.87+0.05 d 0.49+0.01 d 18.5+0.53 a 12524361 e 3.68+0.11 ¢ 28.2+0.81 d 6.48+0.19 a
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HE; AR HUZ il Az = v Tt ik >R FH ) —F
T AL Tt , 3% 2 H T A A & A R e . AL B
BRPLR iR o, REFFL S R g o, X
WAL B AL H RS Y A EE N E
o BIABFFEEE R, KFEA B e AR S 5=
LR FEIREE RS EHITY R ZE (Mae,
1997 ), A& (2017 ) WHoE R, FEFF#ELH
HAFR MK EREEN R . RS B E.
Toriyama ( 2002 ) BF5EINN, A iz ARk
44.7%~66.7% , R F&iz TTHkF B F 29.6%~
59.7%; Norman etal. ( 1992 ) &3, /KAEAH bR
1z FTHR A Ik 80%, ANAFFTAE RN, e it
PHEAAE T KSR AR T P R B R B 4
E B R E S TIOACR IR, HR AT e 2 K
AN AR RIS A (R 6) , RKAEME
PRBER T4 B BB T R0 (b0, B g 500
REEMTY B RES, NG T2 e b HAE
MRA RO TR R,

BRI AR PR AR AR B, B
HEEAAENRN2ZES, Hi, DL 60% A HUIEA 3
AR . i, AR RE NS, 30%H
PMUIEALHFEER A R R . R AR R R
%, AT REE K 60%A HLIEAL I, B @
TRIHEPRES SR (R 6), TERRILET WA
FURBERARRI AN, B EFRAE R R K
PO T WA, SR T RIRE B AR B (Ko
et al., 2017), A H| TS EBA T W BT R
TS, I INAEREZE | i B AR R &
M 30%A HUIEABWAF] FRIE 58, MRk
AT B AR R B e A, HZ G AE AL R HE T 0 A
TR Z S TR E NS, BIETH A EERER
L OHOIN T A E A R FEFRA A PR AR A
BRZE | MM RERRE Aie, AVL-TOHUIE B AL
(LOM #1 HOM ) BEASA R Rird . A&
KRB EBAL, HEHE ] RE R fE AL F N IR
W, ARTRFFMANUER O, $EmT B3
FEOARNE, RS RRE T Y ORI, =
HRE AR AL BRSRE & T 25 R RS, (HAAR
25 MR R IR B B EE S R TR AR,
TSN 2R R R R RiE | BT AR
MR (£ 3), KAAVL-THAEEEL A F]F
UCEAE AR A RO B o L S s, 2Ry 5t
in g | B B AW oTECR (3R 2), M SR
AR R | FCERA A Z MR E, Mg
FERAGY], A -PLCHLERC AL E ( LOM A1 HOM )
FERRZE . if . BB R R R EE, B
S P A A AR B, AT e TR A - TS

NEFC A A1) T ok - SRR B IR 3 ( K 6 ),
KRR T RRAL TE TR, — N T
BRAROIAR. B, BRI R, 5— A R T
TFERRA AL TR B, H2E0 W i iz R Al
SR B DTERRGE T, T B EAEAR A BB A
PR, TGN TRARRZE | i BB RIAR R AR
TEARMSE Y, FK A LA 25 it AL Ah BRATLAR AN [ 58457
A B IR B ER/NZ AR RO T 5T
MBEEMF B, MEEARBA A . B
I R B KNI R B > ZE R >, AE AR
R BER R B RS2 A3 T W i R B R R I A
K5 TERER B AR B8 R/ D0 2% 90 Sk ZE 7T > >
-, HA RS S SR R A TR
FRA/NEVIFEX (R 1FFES),

AWFTLE RF , A5t AR ] K REAEAR TE 40
BB LI E—E 2557 R E M,
AHL-TCHUACEL AL FE ( LOM F1 HOM ) B4 1 #i#k
25 MR, SRR R ARG A SRR R E
AEC, BRAR T RERAL. WA R A Ry A
FREE I A 534, 32 A HL-TCA LI T it A 3 A
PREEFINF AL, BEFIER & &3 & T2, H
SRR AR R A s A AL, i
YRR B TR FFA AL EE (3£ 1); FEFAFA AL
PERFEAR T 25, MPRRB RS A LSRR e E
YL, SN T REERE A EL, R R RS AL H A
PR T AR ZE AT SR R . 380 TR
AR, AT, 60%AHUIEALELRE N T 44
BRZE | B AR R A R g EE S R
B, BRAR T AEER A B AN AR R A R i A
R E AL, X AT R R izt AT AL B hn T A
PREYZE | TR R AR SR LR, HLAR
R AN RN AP S A A B T i 2
S, RUCHIN T REARZE R | RS T RESS A Bl A
R R BRSO By a o mRs S
ALFEREIN T 25 AR R H b FE O R
P AIE . BRAR T AR B 8k, XA FFAL
H A5 T 238 T4 i AR 2B i 5 At b P TE B
25, HIGIN T REARCEM A S B BRI T R A
(R 3), FRINAG, A BRI R R
G B R R R 68.82%~73.11% |
80.37%~86.31%F1 20.64%~26.43%; MEAEMEAH,
FEAAR R AL. B AR KA R o0 e AR
2 3| 72.08%~77.37% . 79.80%~89.50% il
13.57%~19.20%; 45 A0 BRIBJHEIE S5 53 A SR A0 Fic
51t BR 25 S 1) D R AT R 5 Pt D i A A 28 A8 A i
HEARFA & CAHREE, 2016 ), £A40HLKFEH
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4 25t
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Effects of Different Long-term Fertilization Managements on Nutrition
Accumulation and Translocation of Rice Plant in Double Cropping Paddy Field

TANG Haiming, XIAO Xiaoping, LI Chao, CHENG Kaikai, WANG Ke, SUN Gen, ZHANG Fan, PAN Xiaochen
Hunan Soil and Fertilizer Institute, Changsha 410125, China

Abstract: Long-term fertilization is an important agronomic management that affects the physical and chemical properties of paddy
soil, and results in affecting the growth and development of rice (Oryza sativa L.). Therefore, the effects of different fertilizer
regimes on dry matter accumulation and translocation of nutrient of rice plant, which the results has important practical significance
for selecting better fertilizer regimes with higher nutrient efficient utilization. In China, few studies have investigated the influence of
long-term chemical fertilizer, combined application of organic matter with chemical fertilizer on dry matter accumulation and
translocation of nutrient of rice plant. Our objective was to explore the characteristics of dry matter accumulation and translocation of
nitrogen (N), phosphorous (P) and potassium (K) of early and late rice plant under different long-term fertilizer regimes in a
double-cropping rice system. A long-term experiment was established in 1986 in Ningxiang county of Hunan Province, China, and
five different fertilization treatments were applied: (1) Without fertilizer input (CK); (2) Mineral fertilizer alone (MF); (3) Rice straw
residue and mineral fertilizer (RF); (4) 30% organic matter and 70% mineral fertilizer (LOM); And (5) 60% organic matter and 40%
mineral fertilizer (HOM). We analyzed the dry matter accumulation and translocation of nutrient of rice plant with the above five
fertilization treatments by using conventional experimental analysis methods. The results showed that dry matter accumulation in
different parts of rice plant, material translocation rate and material contribution rate of stem and leaves with MF, RF, LOM, HOM
treatments were higher than that of the CK treatment at mature stages of early and late rice. Meanwhile, the contribution rate of
material assimilation after heading stage with MF, RF, LOM, HOM treatments were higher than that of the CK treatment, and the
contribution rate of material assimilation after heading stage with different fertilization treatments was RFE>HOM>LOM>MF>CK at
early and late rice mature stages, respectively. The N, P and K accumulation amount in stem, leaves, panicle and aboveground of rice
plant with HOM treatment were higher than that of the MF and CK treatments at mature stage of early rice (P<0.05). Compared with
the CK treatment, the N, P and K accumulation amount in stem, leaves, panicle and aboveground of rice plant with HOM treatment
increased 11.61, 14.38, 45.20, 71.19 kg~hm‘2, 2.42,1.64,13.83,17.89 kg~hm‘2, and 35.34, 9.78, 15.12, 60.24 kg~hm’2, respectively, at
mature stage of early rice. Meanwhile, the N accumulation amount in stem and leaves of rice plant with RF treatment were higher
than that of the LOM and CK treatments at mature stage of late rice (P<0.05). Compared with the CK treatment, the N accumulation
amount in stem and leaves of rice plant with RF treatment increased 6.91 kg-hm™ and 9.38 kg-hm™, respectively, at mature stage of
late rice. Meanwhile, the P and K accumulation amount in stem, leaves, panicle and aboveground of rice plant with HOM treatment
were higher than that of the MF, RF, LOM and CK treatments at mature stage of late rice (P<0.05). Compared with the CK treatment,
the P and K accumulation amount in stem, leaves, panicle and aboveground of rice plant with HOM treatment increased 2.55, 1.39,
10.56, 14.50 kg-hm™, and 43.84, 7.35, 7.77, 58.96 kg-hm™, respectively, at mature stage of late rice. Compared with the CK
treatment, the amount of accumulation and translocation of dry matter in different parts of early and late rice plants were increased
under long-term application of fertilization treatments. As a result, it is benefit to increase the dry matter accumulation, nutrients
accumulation and translocation of rice plants with RF, LOM and HOM treatments.

Key words: rice; fertilizer management; dry matter; accumulation; translation



