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OE: mUeH A2 L, A RIS [R] it B AR R K R R A R ORI T A s,
TR TR HELE IS AR EMRE TG, & 1) AEIE (CK), 2) $iEfit (NPK), 3) kI + 425
(NPKM ), 4) fLJIE + FEFFILH (NPKS) 4 MACEE, FiREE M5 35 0K Fa 44 B Wb 3540 5 BB
WORI . SRR, KGR & T KRR RS = at, bk = S 1F 61.1% ~ 97.7%, LA NPKM 5
NPKS Ab 38 % 55, HORPRL P 4 43 1488 NPK Ab B 32 &5 22.7% F1 20.4% ., 5 CK A LG, 4% it AE 4 35 g3k 280 51 07k N
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HEHb O 7 LI St o A 1 30 B ALK RS 1
w8, WA BB R R, I G A
AR pH 4.90, A HLFT21.6 ¢ - ke, Bl fiF
R 141 mg - kg AR 12 mg - kg B 41
mg * kg RIGLHT 1983 4F, W4 MNaEHE. 1) R
JEAE (CK); 2) Huiifb Al (NPK); 3) fBJE + 4
7% (NPKM ) ; 4) fbLAE + 20 F5 & 9] [ ( NPKS ),
RGP 3REE, /DXHA 12 m?, BEYLX 4 HE
H, 552 AL AR 8 N 103.5 kg « hm™, P,0527
kg + hm™”, K0 135kg « hm™, FFF0 PS5 ENA
PR 3942 ¢ - kg'. N158 g - kg', P,0s88 g+ kg .
K0 11.7 g« kg™, H3#E0E FH 3 750 kg « hm ™, F§
NN s ey R ot T NS N R R O T
HRHAPLC3773 g kg'. N83g-kg'. P,0525
g kgL Ky029.1¢g - kg''c N, KAEH 50% VEFEAE,
50% VErBEB AL, PB4 3RVERLALAGAE . N AE R IR
. PR BEIRES . K AR ELE, AP pRit
JEAh, HE i —3%. KRG 3 ~ 4485
e —, 5 Y M 3RS RO EE— 3 2017 4R KA
Rl APl TR 8 5
1.2 Al e pni o

A3 2017 AR KRG Y 43 BESA L A 00 R 22
WIRAERMRSTHT, TR /NX BT P AR
PEATFR 0. SIRE s 0 Jrik, MY AR
E T H,S0,— RA IS - 28187, M) 2wl e
FHAUAE 6k, Y 280w H H,S0,-H,0, T4
B - KSR TIKFE B R A & /N X 1 5
IR, HeR LT EE I, S R
Tk

TR & (kg - hm™) =3k + & (kg -
hm™) x BkYFRS & ® (g k')
1.3 St

% F Excel 2016 F1 DPS 2006 # 17 %5 4% &b 3 |
it 50720001, R Origin 8 1E&,

2 ZER5HMH

2.1 A[E]E AR o BEHA K R 5

B 1SR, AR T oK A S EER
BI4rEERC, N7 H 25 HE 8 H 22 H 5 WL 25
KB, NPK ALFRASTEERLL CK HME 2.6 ~ 4.6 T/,
NPKM &b B 5% 05 2.8 ~ 5.0 /M, NPKS &b Ff 1
i 3.0 ~ 5.8 FH/M\, UEHAAN [A] it A =C L NPKS 5
NPKM 73 BEHA 43 BEBOU I S o B I s ABR 5 5 YO
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MeERKF (K 2), NPK L CK HiE 7 ~ 23.4
cm, NPKM Ab 3 44 1§ 7 ~ 35.6 cm, NPKS 4b B %
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2.2 N[t AR RT s s 7K o P 5

# 1 Bon, KRGS S T KRR = E S
FEAFP=d, Horp 4 Zopphi = 808 61.1% ~ 97.7%,
FEFF P G 0E 69.5% ~ 112.0%, ZRWBE. 5
NPK ZbHAH L, NPKM 5 NPKS &b B (kb7 = & 45
Gl B8 PR 22.7% K5 20.4%, % 5¥H E (P<0.05),
i AT 77 42 0 0 B4 77 25.0% 1 15.0%, 22 53 i 3%
(P<0.05), {H NPKM HI NPKS (FFR = i S5 A
BT EER.
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(P<0.05), HLINPKM fzf, Jite IE A 4 Fell SIbr 5%
&5 CK 14 % 40.7% ~ 80.5%, H:rh NPKM 5 NPKS
WhFEE CK 22 573 8 % (P<0.05), [FAIAELL NPKM
Ab PR A R BH S, S TR] it A Ak B ) T Rz EE D
NPK &b 2 85 o B &, &8 CK 48 /5 2.5%, 2 7 W
% (P<0.05), NPKM 5 NPKS &b F () ki T 47 &
] %2 NPK Ab 383 5 PR 4.1% 5 5.3%, 25 W%
( P<0.05 ),

®1 AEEETKERAHTEREFIEREF

\ R , ,
BHEE O PRE R R
I 2 ; b
(x10*« hm™) . (g) (kg-hm™) (kg-hm™)
CRL)
CK 118¢ 124.1¢ 23.11b 4 164c 2 943¢
NPK 166h 142.6bc  23.69a 6 709h 4 989h
NPKM 213a 175.8a 22.73be 8231a 6238a
NPKS 178b 157.4ab  22.42¢ 8 078a 5737a

T W — 50 AR RN R SRR A ] 22 5 3% (P<0.05),
il
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B3/x, £EFWMEHN P KESTH
EW U B, MEAF B NEK,
N, PFo& a2 AR FELES, KEBERK
JE Tt E R R B 3a Bon, it AR 38 OR [R] R R 4R
AT MR N &, Hrh o BE R CK 3
% 10.4% ~ 32.0%, LI NPKM Ab B % &, NPKM
5 NPKS 4b B 19 25 0 5 5 1 W 3 5 T NPK AL B
(P<0.05), Jifi iE[RAE 5 e T A ) 25 N %
i, M5 CK I #FER, AWML E&E T
ZENFN &, Hofh NPKM il NPKS 40 # ()25 0 N
8 CK 42 5 61.0% F142.0%, 2% 5% W&
(P<0.05); MZEMPREHEKE (EI3b), A
JERL YRR AR B T & AT ZEM PR & &,
Horb 7 BE A% CK 0% 35.1% ~ 85.1%, LI NPKM
W, 5 CK 2503, fEE & A2 zEnt p
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THEIREZES, MR CEM P&
B CK 14 i 26.0% ~ 144.2%, [a] £ L NPKM Ab3
B, HRK A NPKALH, 5 CK 2540 E
(P<0.05), MZEM K Z&EkE (F3c), ity
ARIFREEPE = T e ZEn: K 2= &, Horp NPKS
5 NPKM &b B> 9% CK 32 5 38.0% 1 29.0%, 2%
SHEE (P<0.05), —HMETK SRR ES
T NPK 43 (P<0.05), Zil$ & 14.0% F122.0%,
TR AR AL ZEH K SR LR E LS, M

PO == =

NPKS 4b P Y K 2 & & 5 i,
ZH5WE (P<0.05),
2.3.2 ARl AEAL A B FERL IR 53 E B A5
M 4 a8, RFEGEAEE SR R R R 3 o T
R N & (Bl 4a), DL NPKMANEE Sy, {H2E
SALRE; AR TRRL P RS &, LI NPKM
55 NPKS Zb ¥y, (HAS AR B 22 S AR TA I 18 35 /K-
(El4b), WHR K ZKRE (Kl4c), ML
THPRL K &, 0% 5.9% ~ 22.0%, HFpLL NPKM

5 CK # 5 22.2%,

WS AL AR R B R T 2B K R, Hrh b, 5 CK 2557565 B EKF (P<0.05),
351
b a
P a a a 3.0F 1
A .
? 10 F a Tco 25+ [
on )
5 : s
w 81 w 2 20r I
o i
M | 41 LS|
& -9
z £
& o4l % 1.0F
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40 - ¢
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To 30F b |
2 T
w 2.5 F
oH 20}
<1
g,%: 15+
2 o0l
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B4 AEEIETKBEARFHNFESSE

24 KFEGEREELG A B WK N, P K #7250
Al

2015, e RFERER S T LR
9N Wl s, L A BE 8 CK MY IR 123.5% ~
2253%, L)L NPKM 4b ¥ i &, 5 CK2E 5530 %
(P<0.05); i 72 499 N W i 5 48 CK 15 1 67.1% ~
90.1%, LA NPK 4Zb¥ifg &, {H NPK, NPKM F1 NPKS
AEFRIEITC 2 25 5 AT R N I 4R
CK M1 137.6% ~ 206.2%, 5 CK 22533k 3) 2%
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7K 3 (P<0.05), {H NPK. NPKM I NPKS &b F |i]
T E 2R, MPHEARZE T N BSR4 CK 3G I
98.4% ~ 240.8%, Y CK 2ZR%¥W3E (P<0.05), Lk
NPKM 4b #5747 B 2.

P WS R A, it A AL B BE I P I
A CK 1 1/ 136.7% ~ 349.8%, LA NPKM Ab P #%
B, HWENPKAH, —FH5KKESYEF
(P<0.05) ; AS[E]itEAC AL BRAA 4R o T g 2Ent p g
Wi, (H2E SRR R EIKT s B AT AL 2 1
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L P I I B K R 75 86.0% ~ 172.4%, 251 P
W4 CK B4R 145.7% ~ 419.8%, 2% S:H4 W3
(P<0.05), LI NPKM ZbPif

MK MR R A, 43 BE D25 it I AL 2 A K
W S 4 CK B8 147.1% ~ 216.7%, 22735 E
(P<0.05), LI NPKM Ab P 5 fh Fell 40 it A £ 25

K W5 CK B 0% 60.5% ~ 82.4%, H:f NPK
5 NPKS b #45 CK 22 5 W % (P<0.05); JL 24
it A R R K W B4 CK 30 71.6% ~ 142.5%,
25t KW IR B B CK 1 IR 94.4% ~ 142.8%),
Z 5 ¥ E 3 (P<0.05), H ¥ LINPKM &k # i

e
=}
[A] o

R2 AEEETKBED EEBER N, P K FYRKE (kg * km™)
Iy b3 ey Eiiip A TRV
FPRL EX b 18
N CK 47.03¢ 54.95h 28.85b 16.56¢ 45.41¢
NPK 127.65ah 107.78a 68.55a 32.85h 101.40b
NPKM 152.96a 91.82a 88.35a 56.43a 144.78a
NPKS 105.10b 104.45a 77.68a 46.00ab 123.68ah
P CK 4.52¢ 6.87a 7.75¢ 1.56¢ 931c
NPK 15.25ab 17.47a 14.42h 4.13b 18.55h
NPKM 20.32a 16.51a 21.11a 8.11a 2021a
NPKS 10.69bc 14.62a 20.30ab 3.83b 24.13a
K CK 65.20h 102.92h 11.29¢ 63.01c 74.30¢
NPK 181.90a 187.74a 19.37b 122.47h 141.84h
NPKM 206.49a 165.18ab 27.37a 152.98a 180.36a
NPKS 161.13a 184.10a 2491a 150.52a 175.43a

2.5 AEENEAL O - B PR & N P K $#453
ERp-AE

3 o, KW R AE 2= 80 B S0 AR
25, WAWRSERE, SiCAEEE: CK B iR
21.0% ~ 42.1%, S 44 5 % (P<0.05), NPKM
55 NPKS 403 (1) A AL & i 35 T NPK Ab 3
(P<0.05), 743 5 & % 17.4% 5 14.7%, 1 NPKM
5 NPKS 2 FRIATC B 25 7, B N R, e

B CK 25 58% (P<0.05), HIE34.0% ~ 86.0%,
DL NPKM &b 3 fz iy, A [A)iti AR A5 XA 2% P 3% 2 DA
NPKM #b B d5 7, % CK 4275 177.4%, %5 0 %
(P<0.05), H NPKM AbHEAZLP & Wi &T
NPK 5 NPKS #ZbBf ( P<0.05); Mk K KA, %
Tt A A A CK B4R 40.9% ~ 127.3%, 2553453
(P<0.05), HH L NPKS 4bHf i, H NPKS 4b 3
AL K & il 35 T NPKM 5 NPK b3

x3 AEEETIEENRE N, P, KEFTRE

Qb HHUE (g-kg") f# N (mg - kg™") HP (mg - kg) A K (mg - kg™")
CK 21.45¢ 93.89¢ 359 2321c¢

NPK 25.96h 125.56h 461h 35.86h

NPKM 3047a 174.36a 9.96a 32.70b

NPKS 29.78a 143.82b 5.50h 52.74a
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®4 HBBEKRFIBREE (v) SHEERAERTF (x) ERKGE

A AL B N HRP B K
APRE N IS y=5.526 5x -82.883, y=0.667 1x-23.806,
R=0.703" R=0.6509" N -
FPRL PRI y=1.336 9x-20.087, y=1.509 2x+6.967 1,
R=0.7355" N R=04259" -
APRL K Wi y=1.610 8x -22.619, y=0.333 4x+8.689 7,
R=09154" o o R=03443"
ZEFF N W y=3.596 9x-58.858, .
Ke0.700 5° y=0.482 8x-26.934, R'=0.8121 — —
ZERF PR y=0.506 9x -9.238, y=0.821 8x —0.455 3,
R=05399" - R=0.6446" -
ZEFF K Wi y=8.562 1x-108.2, y=2.149 4x+44.59,
R=0.7409" N N R=0.41"
H AR N IR y=9.123 6x-141.74, y=1.149 9x-50.739,
R=0.8362" R=0.844" N -
- P y=1.843 8x-29.325, y=2.331x+6.511 8,
R=0.8359" o R=0.607" a
Hi 1 K y=10.172 9x-130.82, y=2.482 8x+53.28,
R=0.7854" o o R=0.4108"
T * R P<0.05; ** 7R P<0.01,
RAWR, R RRRL, ZEFFIEE & L) NPKM 5 NPKS 8¢ 5, 8] 840 T NPK 4b

Ho L EBAERE, N. P. K FROMICE S A P
BB EIEA X (P<001), [FIHFFERR, fi
g - ke WEHEAHLTT, i LEBRIEE N. PL KK
W 2 4 A0 1573, 3.18, 17.54 kg - hm >, FF kL,
ZEFF R b EBARRE N WO Y 5 AR N R AR
WF G (P<0.01), B RE SR, B0 10
mg -+ ke BUBRAEAL, Hb_LEBRIAR N OBCE RN 11.50
kg« hm™, KPR, ZEFFS5 40 FERAE AR P I Lty
S5AERP & RN B RS, IE R
N, FRHEIN 10 mg - kg B RL P, ML EFRAE AR P
OB 3 0 23.31 kg - hm o A RE, FPRL, ZEFTF b
AR AR K MR S AL K W IR ARG
(P<0.05), [EEFEE R, FEEHN 10 mg « ke K
K, Mo BRI K WIS N 24.83 kg - hm 7,
UL, AT R KRR N, P K 37
SIS SRR DB R, — 2 i Pl N AR AR R A
HAEWR S BAEERILR, Ji5h, N P KF4r
W SRR S AN Y - AT B8R A i R R AT

3 1Fig
3.1 KA HLICHLAE B i X 25 e FH 7= 4 52 i K
B

ARFFERW], KIAAS Rt A = ) 2 Y FH K A
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B, FEL MR I 3 SR B A SR AR AR Sk B
B, XA U BRI, A B A HLEHL
R it = B 3 Ak 34 o A T AR R RSCR AR BB v 1
PR, X A e S A MLYR A B SR AT G,
HEH AR P HAL K HBOhEL , @i 2N S5
FFEEANLYERA R, 7Em s s T A
ML B Zad - AL BRI T N P K SE AR o
T, BT TSR, RS D B Rk
AL 5 7 & AR AL it 498 A R P R K &
I 3 T A NE R, -t A R T KRR R
Mo AL B MEA MG En E2 02 7 KR
SRR EE S HRE AR, HRIGEHAA VIR, 37
b BRI, FIAZ L, Sy E
HAINFT T RaFpysEat. o5 —Jr i ] e 5A LA EHE
FH s - e FIMoR A 56 . BRI 2401 TR T
B L R AR BRI L, My PR LK Bk T
Sk, LRECMKE ), Rt A LY RS
FAHURH B, TRy EINGE, ¥R T
AR AERSE R, JEmfEE 73ISR, X
MOFFRL, ZEFF S H 3B 35 S A HL & i
I R A AR B IE

NPKM 5 NPKS Ab F () 24 4= 7= i 56 A 4 Y4
(1), X GZEMMMLEFREEA T, F5
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JE A PR AR SR KR, AN, P S
Prdl A 20 TR, IR I8 ) K A H g
mTAE, XATREE L A R4S A SR A L RYAE
P, HAELHEN, PL KA MR 2SS il
FUREE, B NPKM b B (908 i N 546 50 P & 2
53w T NPKS, i NPKS A&k K & 58 0w
T NPKM. AL, AHEIIRA, (2 T R38R
BLIT I HR T, 2 359 b 70 AH R 452 15 1) B JE /K-
I, A RO T B e H - RS E SN R P B
AR, P EE TR, XA TR
3.2 AAE S i BB AR R S W SRR A )

HIAWFFE R, KREHFSE . FEFF 577 i3z 14
PERTINSEN 3, VLG & BUKAS T kg 1,
P, BHRP KfE N S5oKAG A i 3 A
S U R IFIE S K P S M AR 55 4 I i B 4
S S A AR, AR AR Y B 22
St SECTRN IR B A AR R
Jiti A= ) e S BN T AR Sy, O B E R
INZERENL P ALK B M, 8RB /INZE 7 i el
WEA B BEVE Y, A AR, B
20 em J5 BEEA HUIEA R T4 Sk R ™ &, fedkss
AU, B E A REE R Rk, RS A AL
X R iR T Ak s R, Rk
it AE T AV B U8 FH KRS b . 2R I AR TR
Wt B R U8 FH A BIMIE 10.8% F1 17.3%, BEZE Wl
MK 12.5% F1 46.2%, B WRISCE 435K 16.6%
28.5% ", AWM, KINARMGIERT
B IEIE T 25 R, JCHE RIEA AL, EIHT
R R HEA PR S AR N P K Wy &
BT, HAE—EEE NI S AP S A
TEEREER, Wik, WFrirh k=i Hms,
O SRR R A i, FeE R T - AL S )
IR, T 4 v AR R SR 43 W SR 5 BRI 2R
XA M A e FE RS 44 7 5 A A skt 11 T
Fikte, WA A1, NPKM 5 NPKS A9 55 AR s
R BT NPK AR, H & B ARSUR 5 e gk
A, R BB A
4 Hig

A [R] it AEASE 2T 26 35 4 14 15 Ui B K Ak
7 SRS A 7 R 4 L NPKM 5 NPKS &/, H
T AR R gy 0l A NPK OB R v 22.7% 5
204%, H_H It E 2R

A AN ] it I T 40 B B M B ER AR BR NP
K 7% 43 & 4 35 LA NPKM &b B f =, it A A 2 A%
PR RL N, P K FE 48 W 43 0 B CK 1Y i
137.6% ~ 2062%. 86.0% ~ 172.4% 571.6% -~
142.5%, ZEM N, P, K %45 W & 43 51 48 CK 3
i 98.4% ~ 240.8%. 145.7% ~ 419.8%. 94.4% ~
142.8%, HIJLL NPKM b3 .

ANETEAPRL . ZEFF 0 E BRI AR, A
N. P. K F&0 Wl 345 + 0 HLTT AR 0 2 A
XK, SHNA RS S R R W A, £
G EHAEXT KR4t 3750 SR I 4 )
[RI5Z I, NPKM 5 NPKS &b 2 B & 4 T NPK #x,
AV R R RO IEEIE . AU R e
IKFERERE N P K FR53 MR B R F

Sk
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Effects of long-term fertilization on nutrient uptake and utilization of rice in yellow-mud paddy soils in southern
China

DATI Jing-xiong', WANG Fei’” (1. Fujian Agriculture and Forestry University, Fuzhou Fujian 350002; 2. Institute of
Soil and Fertilizer, Fujian Academy of Agricultural Sciences, Fuzhou Fujian 350013 )

Abstract: To investigate the effects of different fertilization patterns on nutrient absorption and utilization of rice, based
on the long-term experiment of yellow-mud paddy field for 35 consecutive years, four treatments are set up: 1) No
fertilizer (CK); 2) chemical fertilizer (NPK ) ; 3) chemical fertilizer+manure ( NPKM ) ; 4 ) chemical fertilizer+straw
(NPKS). In the 35th year of the trial, the nutrient content, cumulative absorption and utilization of rice in different growth
periods are analyzed. The results show that the long-term fertilization increases both the grain and straw yield of rice, and
the grain yields increase from 61.1% to 97.7%, of which NPKM and NPKS are the highest, which are 22.7% and 20.4%,
respectively, compared with NPK. Compared with CK, the N, P and K absorption of grain increase from 137.6% to
206.2%, 86.0% to 172.4% and 71.6% to 142.5%, respectively, of which NPKM is the highest. N, P and K absorptions
of stem increase from 98.4% to 240.8%, 145.7% to 419.8% and 94.4% to 142.8%, respectively, N and P are the highest
with NPKM and K is the highest with NPKS. Compared with CK, the contents of soil organic matter, alkali-hydrolyzed N
and available K increase significantly from 21.0% to 42.1%, 34.0% to 86.0%, and 40.9% to 127.3%, respectively, with
the significant differences. Soil organic matter, alkali-hydrolyzed N and available P content increased are the highest with
NPKM and available k content increased is the highest with NPKS. Regardless of the grain, the stem or the plants above
the ground, the uptake of N, P and K are highly positively correlated with soil organic matter, and the uptake of N, P and
K were positively correlated with alkalolytic N, available P and available K significantly, respectively. Considering the
effect of fertilization on rice yield, nutrient utilization and soil fertility of paddy field, the treatments of NPKM and NPKS
are significantly better than NPK while the yield of them are almost equivalent. Soil organic matter is a key factor affecting
nutrient uptake and accumulation of rice plants N, P and K in yellow-mud field.

Key words: long-term fertilization; yellow-mud paddy soil; rice; uptake; nutritive absorption
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