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B E AXHRTRESFOMEEEIEER K Ca. Mg dKBEK, 4 THM
FARUTR T, ARER EREETENPEM K EKARYNA —E&, KBEK
ZH,EKBATREA THRAEY. NPKAEER [ Mg EKERZ #M; NPK AEEH L Ca.
Mg — R AME, PR A EIFE A, KRR K B O .

BT f i B BLA W R ¥, K-Mg. K-Cafll Mg-CaZE S MR I B IR FHGEAETE
MZEEM. SRABEY, EKBIESRUGEE S K-Mg il Mg-CaB BRI VT MER,
{HK-Ca-Mg MZ5 S A, MmAES W ERWE, BrBEER. X8R H T K-Ca-Mg K45
AR TRBEKMFLSRKZ K. BN AGEHIT T HA K-Ca-Mgt A EAEHE L
K B3R B8 A B,

¥@A  KEELE, K Ca Mg, ZAXEMEM, KBAK, Fokik

PEFES  S153.61

RER AR EEE T3, HRH K. Ca. Mg & 21K, FEE R BHIE A &30, & R 5
FRERER, A KIECR IV ERENY = EE ", HAELHE K 2315 Ca. Mg
EROFESE-RIIGEDRE, HMALEERMNAH R EHRER, RibE
KB AW E T K. Ca. Mg MHTR LR MBI, 3t K. Ca. Mg M =X BAE A AE2E,
FAE@EEATREE L RPBERMNEREL., ASUGRERNE KRS LK —&THE,
LA B K. Ca. Mg X E/E R SK IR, A E B 7 13 K. Ca. Mg B9 & H 7t i SR LK 4.
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iR T HARBNEY R TN ROE. ARASERNEBREATNRABURENLaTa AR
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Table 1 Some basic properties of soils tested

T HEE R =3 pH £N £K EMK R#etECa RitEMg
Soil Parent (H0) Total Total  Available Exchangeable Exchangeable
material N K:0 K Ca Mg
g/kg mg/kg

pigan: | RBULRY 5.99 0.31 1.9 29 193.2 38.1
IR XRE 5.93 0.73 3.5 12 331.0 35.1
[ F48: ATk 5.00 0.36 20.5 20 410.2 33.6
Eae: 2535 Y UEREARER e 4.90 0.58 124 43 108.0 19.2
TP KRS L FIELER L 5.20 1.25 10.6 55 279.0 35.0

PR KRS & ELEE 7307, 7-74, MR 46 LLROKIE 17 % 5 A&,
1.3 iREigit
1.3.1 KHAERAYK & NP, NPK,, NPK,, NPK 4 MEBEE 3 K, /NXEFN 22.4m°, 2 HALK
BOR & 600kg, $58EBEAE 600kg; K, & 187.5kgKCl. K,487.5kgKCl; K,757.5kgK,SO,.
132 K. Ca Mg XEEMBEAR  F2MRAK. —DERLE BT, B NP.NPK,. NPK,. NPK,.
NPK, Mg. NPK,Mg. NPK,Mg. NPK CaMg. NPK CaMg 1 NPK,CaMg % 10 ™MEE, S MEEER 4 K 5
—MEZREE R LE EBT, B NP.NPK,. NPK,. NPK Mg. NPK Mg. NPK, Ca. NPK,Ca. NPK,CaMg.
NPK.CaMg % 9 MEH, & MEEEE 3 K. WREHAKREAR 1194 1.5k, LRBRMLLFIME,
(BP NO.143g.P,0,.0.143g. K 0.143g, K 0.286g. K,0.429g. Ca0.48g. Mg0.072g) . /KFBfE 6 A 10 HH#E, &
FERINBAMIK, AT 7 A 2688 4 3 Higdk,
133 MHEFRHRMIERERNER SFRET. $-K44AEN CKURKE L), CK+ Ca, CK+ K, +
Ca+Mg.CK+K,+Ca+Mg.CK+ K, +Ca+Mg% 5 M, F_XEBXZEKN CaEBRMW, B
LA CK, CK + Ca, CK + Mg, CK + K Ca, CK + K,Ca, CK + K,Ca fil CK + K,Mg % 7 Mb3#, EH 3 X,
FERHF A0t F] £ iR %, (UK AR L 3w — %, B E A L 200g, B E, AR (BR%E
W), BENT BERESRY. GEMEPSEARS se SRME TFREMIEN B RLFNE 2 MER
BERRT. RELEIKERMFKEFAERER SR FUB KRR FERQICER) KE—
AR, AL EEREESS. $AEM 0.5mol / L HCISOmI HEER B 3 K, & /5 0.5mol / L HCl M BEHK,
EWER S 200ml, f# K. Ca. Mg WE Z AL,
1.4 MMEHZE

T2 NAFFRENE, £ K AR KRR NE, T80 K. Ca. Mg Al Imol / L NHAC 1,
K, BB E , Ca. Mg IR FIRUOEISIERE, R K, Ca, Mg AIBMEL—S B 7
E. BAE NHASRCMIER, HREERER 2 K SO MR L, LEMEE NEE,

2 ABER

21 {REEETI|K.Ca. Mg HBAMNKBERKNTIA
R TR PR LRR — R A K. Ca. Mg HMRH 138, W LI LEEE K IERA &/
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80101 6 5 Bk Mg Bk Ca, (/KR4 ISR, et | 0
TR, EMBMGIR, EE K BRIARRAER | e
BABT FHRME, € NKEER ERE Mg 5B L
KR AT HE L £ NPK IR E CaMg —  BE 10 ¢ RN
EAMAMR BHIARRG AR, KRN, K G H 5| —aNPCaMg
Mg %4 7k RO A2 45 % 50 4 50 B4 A, 30 2 .

HAEREREXE IERLFEE —EWER. H K0 K1 K2 K3

%2 A1, ZERGLTAN E Ca A 01 TSR BE 41 Rate of Lot Btz
K 7K 38 Jin i 38 s Mg 943 B 0% U BE A K K 1 R4 E KA T, Ca. Mgt Rz
?mgjﬂmﬁﬁ%{& BN K-Ca5 K—MgI‘E—IJH':J% Fig.1 Response of rice to fertilizers K, Ca
BEAK—HE, {B7E NP EEA E K. Ca. Mg —&Hi and Mg in the lateritic red soil
FL MFERTE K3 K KK PR REABAT Ko KO I87.5kehm’, Ks K1 487.5kg/m’
BRI Z A, BR K-Ca-Mgh) = £ 58 HAF A Ko K50, 757 e
Z—MhEER.
%2 K.Ca MgHIEAXKBEKRME
Table 2 Effect of applying fertilizers K, Ca and Mg on the rice growth

T3 &3 ERE (/) WERP (/)
Soil Treatment Biomass(g/pot) Biomass increment(g/pot)
wiEHs AR K Ca Mg K+Ca+Mg
Above Total BRRBLZH BA P
ground part Sum of individual effect Combinative effect
NP 2.94 4.17
NPK, 8.48 1394  9.77
®  NPKiMg 8.80 14.21 0.27
NPK,Ca 8.66 13.85 —-0.09
NPK,Ca Mg 9.48 15.47 995 11.30
a L.S.D.(0.05)=0.84
NPK, 9.94 1537 11.20
NPK.Mg 9.81 15.39 022
#®  NPK:Ca _ 1l64 17.86 2.49
NPK.Ca Mg 11.92 19.14 13.91 14.97

L.S.D.(0.05)=0.71

2.2 {RERE T K. Ca. Mg AT ERIR AR I

YRR R RS DM RN EBAE L/ BRI ERE S HRK
W, ITHFHEK Ca. Mg XEMEMAFEREERE BT, BIAOIBT THEFZBHIEH
BRI (& 3). B3R 3 ol L, MRE2E M Ca, 17 T LIRWB P HOWE, (232 K.
Ca. Mg FIR 2R, T i Mg {2 ¥ Ca. Mg B9iER, 3t K IEBHEMNA K, K-Mg Ml K-Cafit &
MR 5 S8 Ca. B Mg AHELER, Ca. Mg WEB BN, [, 7 Ca. Mg JIERIERE HiEME
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Table 3 Effect of K, Ca and Mg applications on nutricnt migration in soil with low base content

it s B8 O B

Soil Treatment Nutrient amount adsorbed by resin(ug/g)
K Ca Mg
EaR: | CK 16 34 10
(RRAE) +Ca 27 331 19
+Mg 13 48 99
+K:Mg 441 64 159
+KaCa 670 472 40
FRETH CK 129 38 22
EEIEY) +Ca 257 622 56
+Mg 99 90 272
+K:Mg 1035 61 256
+K.Ca 1785 806 92

R4 Ca MgEFi LIWHKIEX Ca, MgiE BRI R
Table 4 Effect of K addition on the basis of fertilizers Ca and Mg on the migration of Ca® and Mg*

ot | EiS: 4 B O B
Soil Treatment Nutrient amount adsorbed by resin (ug/g)
K Ca Mg
AR CK 26 293 33
ROk 1) +KiCaMg 419 355 618
+KsCaMg 1718 408 657

K, AR # Ca. Mg BITARER (K 4). XX, EFSNTEBEEP K-Ca-Mg5 Ca-MgZ [H]
BEHEEMZEEM. $F K-MglXE/ERAERS R ESHRIAFRIERS, FTold
FERER, K- M REMWZ BRI EEFRET L/ RAELE.
23 {REE T K. Ca. Mg R AXK TR 5 R U AY R e

EA YRR, 3 K ZARZSHFS TEM LA ER S, Y Mg 1 Ca WIRER
&Y, ZE{REEE T3 bk K, B SE BB KRS Ak Mg B3R B AR (L3R 5), R/ KMg Z 177
FEETRER. BKREEKE CaWIRER AR, B HEAKEGMTR, W, E484K
FS RS 408 B HE K S KRS Ca BOVREE L7, MAE AR £ T s T 40 kR L
KRS AR L K G /KRS Ca WOMKEE B FH, 55 — KRR R A I ST (L3R 6), Wi HA K-Ca®k
EBEK-MgxREF—E, fENPKERMEEM (X7, BEEEHESS NI E, Mk
Ca By BE R, B/R Mg—Ca [BIFZ1ESUN/E A, (EHE Ca ¥ ARRRE vk Mg IRE. 76 NPK #
Bi_b Ca, Mg —i&Hi fl 5 8k Ca, HE Mg #8 L3, NL K., Ca IR WUR B3, AR AT &
ANBIRRL 2 A (L3 8). X FHA, K-Ca-MghY = X B.E B 7E 52 40 Wi b Al 2 —Fh bin ] £E
Ji:
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Table 5 Effect of K application in soils with low base content
on the concnetrations of K.Ca and Mg in rice plants
Eot: | iidi Eis:] Wk IR 2 (g/ke) E-3:3
Sail Parent Treatment Nutrient concentration in plants Note
materials K Ca Mg
AR: $c3 A UEGESN NP 11.6 29 2.6 H 8] ik 38
%k Bt NPK, 253 34 24 (R#H)
NPK: 27.2 3.7 1.6
B4 ZRE NP 5.2 4.5 3.2 HRIAR
NPK, 113 6.0 3.0 Cig 3
NPK. 18.7 6.0 2.6 FRH)
FRLLH > 2308 NP 6.2 6.0 5.0 AR
By NPK, 159 59 42 (Greeg-
NPK. 21.3 5.3 3.3 ZEH)

R6 MKMARKRBRMIERTFDRENARH

Table 6 Effect of K application on nutrient concentration in different variety of rice plants

T & pus:} HBR 722 VEFE (g/kg)

Soil Variety Treatment Nutrient concentration in plants
K Ca Mg
801 NP 6.4 48 5.1
NPK 9.6 5.5 3.5
E4R: {c 7-74 NP 49 48 5.7
NPK 72 5.2 32
KEL ka6 NP 45 5.1 5.7
NPK 7.9 5.2 28
K& 17 NP 4.6 48 5.5
NPK 6.8 472 26

R7 WHOREMeH A BEHKEASENK. CaFk S RENKWN

Table 7 Effect of Mg application in latosol on protein nitrogen, K and Ca concentrations of rice plant

Bk F7 20 W B (g/ke)

P43:: Nutrient concentration of plant

Treatment HARN K Ca
Protein N

NPK; 95.9 11.3 6.0
NPK: Mg 97.9 11.0 5.5

NPK. 93.7 18.7 5.9
NPK,CaMg 99.3 18.3 5.2

R8 LMK, Ca. MgHESHANKBHES LRUBHRREKNER
Table 8 Effect of coordinations of K, Ca and Mg fertilizers applied to latosol on
total uptake of nutdent and root growth of rice plant

% i 2 8 (mg/pot) FHRE (g/pot)
P Total uptake D.W. of roots
Treatment N P K Ca Mg
NPK; 178.6 10.5 127.5 33.7 33.7 5.46
NPK; Ca 183.1 10.1 130.0 34.1 34.1 5.19
NPK; Mg 189.4 10.0 127.4 66.0 66.0 5.41
NPK;CaMg 231.7 10.2 164.3 63.1 63.1 5.99
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REHMFKEWARIACKBRIEREAA M E,80% AEm A NIKEEE 1%, =
ERME T LY, EEMA RE XA E R MY, B4 Rk, B KB
CaMg BLE M, TR EFIR 5L R F K+ 40 W H, WA M3 E 1R B F B ok 5k 1
DEW, IR KRR, K-Ca-MgfE 554 T8 18 B v BIfF 2 38 B4R A 7E K RS 35 40 4
Wit B o, RE K-Mg 1 Mg-Cali]l 5 T 3% 4 R A9 R S el T K BL#R Mg it £ 358
1 ¥ RV P A WU AR L {8 K-Ca-MgR A HAE Ry — b FEER. XATEER /i
FTKCaMg WEARBTREAMNER, REMRKREA T, BB T K-Mg fl
Mg—CaB FAf R SRR ER Z 8.

K-Ca-Mg X B fE FI R MzE K R K E LR B, X=MREMNEEKBERE
1A BR A R R T & AN BB Z A, MO AT A FE AR 2R 8 E K. Ca Mg X =Rl 34
WIS AKE. B—7E. X TREKEREES  KHFAR—EARKEEMRHN G
B A R EE M K. WARIRBE, FI A K-Ca-Mgh R E/ERAB L K 6 A2 L1F
WRATAER. BN, LI A IR R, NPK CaMg ALFE KRt EHAMAEKE S NPK,
LA UT, T AT H M AEREE K, M H K. Ca. Mg FF0 W ER IR T BoE & kR
™, EARL% EEIE, NPK Ca-Mg LLER A AR 3 b 38 4 MRS AR I T E#8 NPK AL
BRHK, XEHMERA, AREETE FHEERN K B3 Ca. Mg, BIFTEH KB/
e, B> —#4r K IEHHEM (W% 9 Fiaiiee, A K3 KK FRRE K). BEH
FIEZE KW BT KWEY EXRT LA THEMN.

£9 HKXKB~REE W
Table 9 Effect of K application on the grain yields of rice

1% iy Ba-& W= &k
Soil Treatment Grain yield Increase Note
(kg/ha) %
AR} NP 6138 a 100 KiHEKC1188kg/ha
K NPK, 6666 b 108.9 KoiEKC1488kg/ha
it NPK: 6654 b 108.4 K K.S04758kg /ha
NPK; 6533 b 106.4

E: AR-FIAREAFENTYEZBLEEER (P=005 HFRLELEME).
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EFFECT OF INTERACTIONS OF K, Ca AND Mg APPLIED TO
SOILS WITH LOW BASE CONTENT ON GROWTH AND
NUTRIENT UPTAKE BY RICE PLANT

Chen Ji—xing Xuan Jia—xiang

( Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008)
Summary

Effects of potassium, calcium and magnesium fertilizers applied to soils on rice
growth, nutrient migration and nutrient uptake by rice plants in soils with low base
content in southern regions of China were investigated.

Results showed that on the basis of NP fertilizers with the increase of K, the
rice growth was retarded and its biomass decreased, Applying Mg on the basis of
NPK fertilizers increased the rice biomass. Applying Ca, Mg on the basis of NPK
fertilizers resulted in the synergistic effect to make the biomass remarkable increase. It
is suggested that the triangular interactions of K—Ca—Mg are positive interactions.

Simulation experiments using ion—exchange resin showed the positive interactions
between K-Mg, K-Ca and Mg—Ca in the process of nutrient migration to roots. Pot
culture experiment showed an antagonistic effect between K-Mg and Mg—Ca in the
process of nutrient uptake by rice plant. However, combinative use of K-Ca-Mg
increased the total uptake of nutrient, showing a synergistic effect. It is mainly due to
the promotion of rice root growth. In addition, the possibility of decreasing the
requirement of K by the triangular interaction of K—Ca-Mg was also discussed.

Key word Low-base soils, Potassium—calcium—magnesium, Triangular interaction,
Rice growth, Nutrient uptake



