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Study on uptake of Si, K, Ca, Mg by rice and its dynamics in acid paddy soil

WEI Chao-fu, XIE De-ti, GUO Bi-hua, GAO Ming, CHE Fu-cai
(College of Resour.and Envir. , Southwest Agric. Univ. , Chongging 400716, China)

Abstract: Effect of Si, K, Ca and Mg fertilizers applied to acid paddy soil on yield of rice and uptake of Si, K,
Ca and Mg by rice was investigated with pot culture experiment. The results showed that there were significant
yield effects on rice with the single or compound application of Si, K, Ca and Mg fertilizers on the basis of NP
fertilizers in acid paddy soil, and the uptake capacity and uptake rate of these nutrients were increased by the
rice. Si could mainly raise the uptake capacity and uptake rate of rice during the late growth period, and had
higher Si content in rice plant at mature stage. Potash supplied could keep rice higher rate of K uptake rate for
a longer time. The higher rate of Ca uptake has been held by the application of Ca and Mg fertilizers during
-growth period of rice. There was an interaction between K and Ca. Elovich equation, Diffusion equation and
Quantic equation could describe the uptake processes of rice on Si, K, Ca and Mg during growth period of rice.
The uptake rate of Si, K, Ca and Mg might be evaluated with parameter b in Elovich equation and Diffusion
equation.
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TEM LR, K.Ca.Mg fl Si 7 L B %%
b F3h UL B AR B R B AR E A 2 R ELAE
U, Cat Mgt BRI Bt TR R B SR RS - 2R 1
B K FIE ] KT BRI, S ARt K A
A RED0) AR AR K A3 N2 BHAS Mg a1t 5T
SRS P A OB R 5 1 PR AE RRIR R KRB XY Si
IR ; B Si A R Tk REXE Si BRI, AR B Si
Ha 8 BAMHBEARENM K Rk, FE,RE
HIERERES K QTR —E#H2EZ & RBUFM
AR TAEZHERIS, Hik, B L8 Sy
K.Ca.Mg AR B 1 A Y f oL , W] 1 A
RE KO SRE 10% XA P ESB AL & ARt
TSP RSRSTENE S IE L KRR
+ 3% Si.K.Ca.Mg AE K& HitE R SR B0 o

1 MES5HE
1.1 ERET

iR+ WA= RARTEKA G HRECATNDE
HRYBREEENREHE, HEVRSENY 15.6 g/ke, &
K 16.5 g/kg, B K 49.0 mg/kg, B Si 40.0 mg/kg, ik
# Ca 403.0 mg/kg, A3t Mg 35 mg/kg, pH(H,0) 5.2, it
AR RBAY 111 6078, B 35d.

8RB CKy (XE).CK, (NP).K (NP + K).Si
(NP+Si).KSi (NP + K + Si),CaMg (NP + Ca + Mg) . KSi-
CaMg (NP + K + Si+ Ca+ Mg) % 7 Mib 3, BEVLIX HHESI,
EH 10 ), K 6 WH FARRIL Si.K.Ca. Mg F 5 HI3h
MR

HaekE X T+ 8 kg, N 0.15g/kg, N: P,Os = 1:
0.5, MR BRHBGTEREH, WESAMRER (& N 46%)
2.61g. T BEERES (& P,05 16% )3.75g, AL (& K,060% )
1.0, BEBR AN (& SO, 21.4%)12.22¢, BRBRES (ML 4, &

Ca055.4%)7.47g, BB EE (L 40, & MgO 42%)2.02g.
SMIER SRR, 5 TR G —REAAK R, BRI 5d
BB, S RK RS 3 4. KB, EEE K ERE
K BB TE 4~6em, I REHTRZ, BiibwRE.

1.2 SHFAZE
4343 K A 1.0 mol/L NH;OAc B8 — KJEHEE %

W52 ; WA CaMg(BIE KB A MAZHAS) A 1.0 mol/L
NH,OAc 388 — R FRHOLEZENE ; LA Si A HOAc

PR - RAEHEENE.

AERBRBIKASUCER, SEREHRRE 7 W, KB 6 K
MR SRS B — 5 AV R R 23R,
SE AR 20 AR B L BOK AR A K MR 0 4 BE R
RIS MR BT B LA AT L. WORRE , WUSR BT 25K
OHERRRE R, MR EH AT RE. ERE, S LEE
R MR TRORAE B HT R ARBK Si A HLSO, -
H,0, 4% — BRI Ak K &8 HS0, - 0, H&
— KGRI i Ca Mg & B H,S0, - H,0, &
— EF RO E o

2 HRGUE

2.1 XkBERERW

ABEARRBHRER (R DRA, B THEL
B Rh A FIAD BN , 45 H AR AL B 18] K RS TR B
BEEHENEYELERYZITREIREE
k¥, ZEHIEES, £ NP R AR, ¥
Si B K JEFI Ca.Mg BRI A R BE R385
B A SRR Ca Mg IEALEER TIREEMNE
2K, WPEIEE L 18.4% M1 10.0% . Si IEFI K
AEBCHE B RIS T Si ARA K AR B A BCR , Si
AEEHE S Si K AEACHE & K AR AL 2 E] 49 TR B i
ATEERER.

#1 A K.Ca,Mg.Si IBxi KB RMEFEROKR
Table 1 Effect of Si, K, Ca and Mg on yield and economic characters of rice

ey A WRE EME FHE EYE FRE ﬁ/ﬁ'
Treatment Spike Root Stem and Leaf Grain Biomass 1000-grains Grain/spike
(no./pot) e g/POt. v v (g)
CKy 32.8 7.6 65.4 56.6 129.6 22.96 75.2
K 27.3 10.9 74.2 61.4 146.5 24.21 93.0
Si 30.7 10.3 72.3 67.0 149.6 23.90 92.3
KSi 28.8 9.6 74.0 60.1 143.7 - 25.03 83.6
CaMg 29.5 11.3 81.7 62.3 155.3 22.88 78.3
KSiCaMg 35.0 9.8 74 .4 70.1 154.3 23.74 84.4
F{gY 10.96* * 6.11%" 7.65"* 18.89" "

1) F0.05=2.90 H F0_01:4.56o
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7 N.PIEEAE | ,Si.K.Ca.Mg Z LR TRIE
BHECHE MBCR BT, KB FR B E R T S L, K
JE , Ca.Mg AE Bl it FH SR PO A AE BB i . /KRS FRL
FREMERYADTEERREEKE, K CK
5/ 23.9%, HIL,Si B, K B, Ca.Mg BRI A 8
HRAHAMNEEREAEKERNER’]R
FEEMEN,

2.2 Jk®xt Si.K.Ca,Mg BRI
2.2.1 JKFEX} Si R 7ERE N.P AEERE I, 3¢
T Si ABJE KRR R X FIFRA Si A B4R

T 41.55% .100.28% Fil 42.51% (& 2); /KFEXF Si
IR T 105.78% . FHAMHE Si IEREB ¥
HIREKRERT SR, SifES KB SifE5 K
fIE , Ca. Mg AEBCHE th BE B B s 38 /K BB A AR K N Si
MEE, 5T B (CK ) A H, KRS UKL Si 231
WINT 44.2%M1 53.6% . HHE K AEX & B KRS
P S EBNEAAHAE B K BRI KERE
K, KRS SRR T 32.96% . M CaMg
RE X /KRS Si BEA BB MR, K RS 25 i -FRE
B Si S BEERKT CK,

*2 KB Si (K.Ca.Mg HIBR K
Table 2 Uptake of Si, K, Ca and Mg by rice

bz &8 Content(mg/g) WY& Capacity of uptake (mg/pot)
Treatment R Root Z M Shoot FHL Grain #R Root ZMH Shoot FH Grain B Total
Si
CK 64.71 31.92 12.28 491.80 2087.60 695.00 3274.40
K 64.24 39.01 12.36 700.20 2894.50 758.90 4353.60
Si 91.60 63.93 17.50 943.50 4622.10 1172.50 6738.10
KSi 53.46 31.43 17.39 609.30 3065.80 1045.10 4720.10
CaMg 72.33 29.13 10.19 817.30 2379.90 634.80 3832.00
KSiCaMg 72.10 39.13 20.12 706.90 2911.30 1410.40 5028.60
K
CK 0.88 7.15 2.47 6.69 467.61 139.80 614.10
K 1.50 9.10 2.64 16.35 675.22 162.10 853.67
Si 1.34 6.19 2.62 13.80 447.54 175.54 636.86
KSi 1.22 8.19 2.23 11.71 606.06 134.02 751.79
CaMg 0.96 7.31 2.14 10.85 597.23 133.32 741.40
KSiCaMg 1.09 8.67 2.71 10.68 645.05 189.97 845.70
Ca
CK 1.47 2.63 0.20 11.17 172.00 11.32 194.49
K 1.25 1.77 0.12 13.63 131.33 7.37 152.33
Si 1.31 2.46 0.22 13.49 177.86 14.74 206.09
KSi 1.87 2.50 0.19 17.95 185.00 11.42 214.37
CaMg 1.35 3.00 0.18 14.89 245.10 11.21 271.20
KSiCaMg 1.70 2.65 0.13 16.66 197.16 9.11 222.93
Mg
CK 0.49 1.45 0.62 3.72 94.83 35.09 133.64
K 0.44 1.55 0.58 4.80 115.01 35.61 155.42
Si 0.31 1.46 0.60 3.19 105.56 40.20 148.95
KSi 0.43 1.47 0.56 4.13 108.78 33.66 146.57
CaMg 0.48 1.46 0.51 5.42 119.28 31.77 156.47
KSiCaMg 0.60 1.53 0.80 5.88 113.83 56.08 175.79

MOKFERT Si BRIBGER (B 1)KF , AR Si
JE(CKo.K.Ca Mg % 3 MEHE)WBER T, BRBE
45d Py, K REXT Si RO R B B 58 , H B —
AR YR ; 76 45~60d, /KSRt Si IRUIKE BT
K&, 7E 60 ~76d R/KFERU Si B LKA, 2K
W 2 B 1 B — BB, KRB R St IR BGE Rk B
BARME; BE)E , KREXT Si RIGER 2R T /&, 2
KFEWR BT A 224, KRR IL Si o R 2 3 iy
{8, BIUK RS AR 43 250 FIIR RSB TS, KRB E R

Wk Si AR BT i T 28 38, FOK RS A Y B9
& SiBEMAMK, il K EMKBESBIRK S
REEES, KRR S ZERTHRNEZHBKRT
CK, XA K RTE MR AT RS I B B 1 Si R, H B
FRRBERUERFITUR & ; Ca. Mg FEAL BRI K
Xt Si B S A X B, (ELIR W R I fE A, B
W R T R B B B B /N T CK, T Ca
Mg AEAL BB EE KRS ORI R 5 S| A B HE T CKo
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Fig. 1 Uptake rate of Si by rice
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575 Si (AL TEAR EL 385 Si 5E Si 5 KE,
CaMg ABECHE , K REXT Si R BGE R B EH M, B
BYS, KREX Si R RZ W, BEE 76 ~
96d, /KRN Si B BOHE AR R B A D B,
Si WGz i s e 41 BB B PR SR N A &2 [N,
1 Si AbFRK RS Si B E R AHE Si L EFHHE
£, RUHE Si )5 LS E W BARE A KN S
A, K RS B B BB AR IR Y SE BT R’
2.2.2 JKFEXT K B9k 78 NP AEZAL b, 3
K JEH8E1R # K REX K R AR UL, 2 Bk R AR 1K
K &8 (% 2), ¥ N.P.K ECiix R E KN K
R AERRER KBERK K B8 CK &
39.0% . HEHRE, W Si LA REEKREZEN (FFF)
& K BHkasi2 ) BAR N.P.K.SEECHF NP,
K.Si.Ca.Mg EBCHEXH R F K R AR IR & K B 1E
FEA B K RERIER K, (BRE B & R Rk
50 K Ry, 5 CK A, i Ca.Mg REREZE—
ERE RS KB K #% K, X5 Ca.Mg IERY
R T 8 K R %10,

FERME K(CK.Si.Ca.Mg %43 %44 , K
Xt K RUCEREH 2 M EIEE(E 2), F—1MK
A % R R 4 PR AE 30 ~45d, B4 BEEESH , P DL
Ca-Mg AL S &, %5 16.83 mgepot 1-d™H 5
AN i o R g e (R HH B 76 ~ 964, BN FE 33 s TR L
{EA1E, BB 60~ 76 Y 45~76d Z i8], LA CaMg Ab
B YO ARG Fr g R K, 78 45~76d, B
IR K XK ; 96 ~ 106d K FEENH K S &
EIMRMEK,

T K X KRR K B R ER RIS —
AN , TR K KSiCaMg AL, 7E 15~60d, 7K 7§
S K AR A o B, R KBRS i
6] A AR KT K AR KRR A
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Fig. 2 Uptake rate of K by rice

2.2.3 JKFEX Ca Bk A TRER T EEK
R+t Ca KEM K, A KW, LT
CaMEBEE1% UT, HEAMET 0.1%, XL
4 A IR R BB Ca AR, M Ca IEXR
LB B A RUR . W 2 B, 7E N P B
b, Hi Ca EBEARHEKASXT Ca RO, RILREIR B
KREZEMH Ca B, Ca AIH/KRSHIbRIAE L0 HIBE R
ARk, A B TR R E eSS i
SRS AFZEN Ca FRBKAMRK KM CaZ
R ZER FIRR RS AU AE A, B K BB SiLK.
CaMg IEBCHEA MR K REHIBRIE N Ca B BEHIFE
LB KAER Ca BRI,

FERHE Ca IERIER T , KRS Ca B R IBE R

AR AR R KRS W K B S AL (B 3), 4351
£ 30~45 F1 76 ~96d H B 2 M A B A IgME
HiF Ca B, REUS 15~96d, KR8 Ca —ERFFE
8RR HRUGER,
2.2.4 JKFEX Mg BRI Mg 7E £8P R M RA
2470 5 Ca KA., ZHOKKIMBERTS T
Wik  ERER ORI H PR TE EEAERA
HWAFBE R Mg LR, WF 2R, 5CK L
%, UMM Si B K BEER Ca.Mg IBJS , K S M #R
AR Mg S BREVBHEL, HE, B THE
YK B K, X Mg B9 SRR st B B3 A
Si.K.Ca Mg IEELA e FHBE R F AL BRIE N Mg M98
B, RSB,

KRS Mg Bl =, AR A K ESR
CK R K AE , /K RExt Mg BRI H7E 60 ~76d
AEP B EE, M KSi AR F1 5 KSiCaMghE , Mg
R A SR e R Y FLTE 45~ 60d, RS B[R] 3K (A
4),
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3 KB EHREEEE
Fig. 3 Uptake rate of Ca by rice

2.3 K\ Si.K.Ca.Mg KR ¥ 3h %
' £ 3 kB3 Si.K.Ca.Mg KRB EBFRR
Table 3 Uptake kinetic equation of the rice on Si, K, Ca and Mg

e Elovich 772 ZHX TR VAR
T Elovich equation Quantic equation Diffusion equation
reat. qt=a+ bint qt=at?+bt + ¢ qt=a + bt'”
a b r a b c r a b r
Si
CK - 5900 2106 0.912 -0.4499 98.77 -1520.2 0.941 —2375 634.2 0.923
K — 7094 2507 0.915 -0.1361 70.31 -882.2 0.952 —-3024 771.7 0.944
Si -21077 3737 0.924 -0.0279 83.69 -1051.5 0.967 -4739 1154.8 0.957
KSi —5945 2172 0.918 —0.1611 65.84 -660.2 0.947 -2392 665.1 0.941
CaMg - 5793 2059 0.956 -—0.1540 62.30 -770.4 0.981 —2407 628.1 0.977
KSiCaMg  —8463 2907 0.905 -0.0109 64.31 -905.4 0.955 - 3804 902.7 0.942
K
CK -755.8 306.1 0.972 -0.0712 14.87 —123.6 0.978 -230.2 90.39 0.964
K —1134.5 438.1 0.984 —0.0958 20.61 -216.8 0.992 -386.7 129.97 0.978
Si -754.0 300.6 0.983 —0.0469 11.90 -76.5 0.988 -246.7 89.89 0.986
KSi —884.9 369.9 0.966 -0.1027 19.89 -158.7 0.974 -239.9 107.97 0.948
CaMg -913.0 365.9 0.975 —-0.0857 17.83 -157.7 0.978 —-283.5 107.90 0.963
KSiCaMg —1108.5 429.8 0.980 -0.0868 19.41 -192.2 0.991 -379.5 128.16 0.979
Ca
CK -279.2 100.9 0.976 -0.0109 3.439 —40.39 0.991 -111.2 30.55 0.958
K —228.6 83.7 0.964 —0.0149 3.557 -45.69 0.979 -87.8 25.14 0.970
Si -314.7 112.3 0.942 -0.0189 4.628 -66.37 0.985 -126.2 33.75 0.970
KSi -314.0 112.0 0.968 —0.0115 3.754 —48.06 0.985 -128.2 33.96 0.971
CaMg -407.1 146.0 0.974 -0.0191 5.379 -70.83 0.991 -163.9 44.15 0.967
KSiCaMg —358.7 127.4 0.961 -0.0206 5.174 -75.99 0.981 -146.3 38.48 0.965
Mg
CK -222.1 79.91 0.952 -0.1610 3.622 -52.79 0.972 —88.8 23.98 0.958
K —-251.6 88.32 0.995 —0.0093 2.998 -43.50 0.970 -106.3 26.94 0.970
Si —244.8 85.99 0.997 -0.0104 3.077 —45.41 0.976 -102.7 26.15 0.970
KSi  -232.4 84.08 0.966 -0.0163 3.727 -52.21 0.983  -90.8  25.21  0.971
CaMg  —248.3  90.25  0.963 ~-0.0177 4.024 -55.33  0.980  -96.2  27.04  0.967
KSiCaMg -290.3 102.85 0.959 -0.0189 4.444 -67.96 0.977 -118.3 30.99 0.965

B 19,01 =0.874, 10.05=0.754, n=7;qt HKRER B FITTR K RBVEME (mg/pot) , t HRBUG IR

Note: 19.01=0.874, 19.0s=0.754, n=7;qt means total uptake rate of nutrients by rice(mg/pot) ,t means days after transplanting.
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Y 87 \Elovich TR M Z I 5 R R
BRI E KRR Si K. Ca.Mg BBl T
o GR(EI)FRU,INFTRUGERE THR
BEWKFE(r=0.912~0.997); AMAX R r H{H
H5ERRBORE , KRGSt 4 R0 TR KRB A
ST SRS ERE, BB 4 MTEN
RS R B R AR R RBOME, HAHXR R
RAEREBE /DN, Lhrtb, RERRELZWMAH#E
HITRECR 75 B, 2T 5 12 B2 BB B ik <2 19
e, HEMKXAFEHREREELENEY,
MELLR R AR R SR i R M A TR

P BT M Elovich FREX/KFERIL Si K. Ca.
Mg d BRI G AR HRENY ESEE, HXRH
HIZAE At/ , TR B SH b B KNS5 KRS
M Si K. Ca Mg K& B EF R BGE R Z FA TR
HHRREIRR, HAHX RN 0.994" " (n=24),
A LAHX 2 TR b BRI K FERT SiLK. Ca,
Mg Bt, B, Y 87 B F Elovich X HiR
JKFERT SiuK.Ca.Mg WG 2t £ X 247, 2
A Elovich i/ A4,

3 ZhiE

RERE X BRI REE B mEN S
B+ HRARERE X BN EE TN, B
IE L, AR IR B E R B R BAS
IEMRENERNEBEENE . ARRYA, ERY
KRS L B 3HE Si B, K BB, Ca. Mg A LA R HEC i B
B 0.3t £ 1 /KRR %o 1 R oG 3R R S R A R TR R,
RIEKBEEAREAT, A B ENHE. B
W, 3% Y B TRRE, ME B L R B R
EERM., 7ERELEmX N KRN Si e, K
HE,CaMg RER Z TR E A LR B A P= IR F,
e AT EE B AL RE AR o B RS 4R R4 B BB AS MR L
WYERE, IR, BB 2 NS, HEER L IER
fb. B M EREH TRELEE, BT ML E
AR S BAMREED =&, A RER = 3% pH
B, AT S S &, s R S ' in
WA, B—FERAN L ER B, Fl AR

HY (WBANA X A) MERET (HKE. B
A, 898 FAEERERT S A S A KA BRE
B EME K. Si.Ca Mg FLENEZLESEHRE
BB EBRE, REKEFRWER. B
+ 8RR B BN A B AR S B
TR S ML AR R, XHE, 7 REA ot s £
BRI, R E R R LB R .
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