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104E UG, 26)2 1 e b B0 Bt 25 4 K FH B A 36
MK, Reitemeier " $8HY, 77 5K AT 2 25 58 #uvk
R, BRI A oA AP,
IR A S H AR N8 ~ 17 mg kg™ ') . TiiFischer
i 1D of B b ) R R 1 624 S LR B PSR A5
T A7 B0 0 LA TR R0, Anikwes 1 175 1
LGSR . SIA RS Ca™ . Mg MIAL 2 U141
*, PierreﬂlBower[mﬁﬂ:%%@Eﬁ, 154 - S
VR R 2R B R A - Bt Ay K TR R Y
AV RS AR B T3 M UUTE, J8/b 5 30 2 55 4 g b
fr 5, BB A RE T L A, B A R
KR Z R PR SRR bR LI R 2, Riley
Barber '8 WFSE LB, B OKAR Z L9 b BE
BT BIX S AT RS T A R 2
T 5 Bl b B A8 AL - HER T | B2 KO A
B A HEK R EY AR R B B BE M. B
AT, X A K M RO W] 38 i 5 i 1 4
pH . 22 H0 P 55 5 IR B A5 48 b, HE T 52 I AR B 5
AEMR PR R A A CHLEE AR, HE55 %
KARE B AT s e R e, PRk, ABFSR
I FH L33 K e 7 e AE 56, 3 o o AN R
BEE . SR . QB ERR S R A, RiT
KIHRERE S il bt K5, FORMR PR 5 EAR br £ 4%
BREAEA R A F 0 3h AR A RR AR M H: = 2 5 ) [A]
EN =S LI IAR: S0 ) VR AR N S AR s
RSN

1 MRSk

1.1 iR XER

A 5 A v [ Ol B 2 BE 4R BH 21 S 5 vl
(111.52° E, 26.45° N) 5S¢, HAREE . W%
SRS [ 5] o R3PS (19904F ) FRAL
PERE N . HHLFR11.5 g kg™, &E1.07 g kg™, 2
0.52 g kg™, M13.7 gkg™", WA T79.0 mg kg™,
HRW513.9 mg kg™, A 104.0 mg kg™, pH
5.7, FHE TAZHAES.99 cmol kg™, ZZHlERR FNAZ
et 9)°50.27 emol kg ' F10.17 emol kg™

1.2 Rt

A B 5% 8 BEE M A 1 e 7 it 2 ik 5 Y 6 4>
AEER. 1) RBEECHE (NP) L 2) & BB+ A
JK (NPCa) , 3) ABEFIECHE (NPK) , 4) &
WA E+ A K (NPKCa) , 5) % B #0 i
FiFF (NPKS) , 6 ) Z B8 B it &5 FF + 4 K
(NPKSCa) . MERH & FZEEN 300 kg hm™,
W, SAEFHE NP,05. K,0 %120 kg hm™>, Hrfr,
T i AR R IR R A 70 %, /INEE R Tt IR
H30%. RIBHKRE ( FN46% ) , BACH o 8
RES (7P,0512.5% ) , #EHEALE ( FK,0
60% ) o NERHE/NZZ | FARFEAET/E RN — R M it
Ao NP. NPKFINPKS#hH + 5% 1k I T S5/ =
wH PR, T20104E T 24X AR, &/ Xt e
R SRR LA LK, AR — AN OB AR A
K EBR ST ECaO, ¥RYr, KiAELL/NTF0.5 mm
M) 2.55 ¢ hm™, BAHHUIE =AY /NX, AR Y
M — UK, XA KRTNP . NPKAINPKSAD P
B SR N . 70.0 mg kg™ 206.5 mg kg 'l
225.5 mg kg™'o F/NXMHAINI8 m*, A AbH KK
PO SCER [ 20 ] o 7E20134E 10 H £ /N4 P At A R
20 ~ 20 em L2 HIERES, W@ LR B,
BEARLF. BLA, FEFFIE B AREE A IZ /N N
FokH EARR1/2H, HARH o 2fE t/hNG, A
% A HRS FF A A B J B 5707 -
1.3 TEHERESSH

S T20144E4 H rp ) BoK#EM S 15 d (i
W) .45 d CGRATH) L 75 d CHESRI) kiR 4
UCHURE, MRPR HFEREETT S % Riley FBarber '
RHREE , /N A3EIX (3RIBER )
FERAW X HEHLEERS &, REFCERRDY
Tk, BRERERIASHRAN L5, REH
1K AR T B Y AR L D oM AR B 4
(Rhizosphere soil, RS) ; [AEy, FEH&S7EAEN £
KATIRRAE HHE (0~20 em) , FEPUSFEREE 12K
AEARPR + 52 (Bulk soil, BS) , HAKXT, &1 mm
i, B R E 2K

+HEPHIEW - +=2.5:1 (LCO,EET
KD, MpHit (FE28, #gheiy ) ME . s %
10 : 1 L HA1.0 mol L' HENH,0Ac R, 2
BOAFE10 17+ 1.0 mol L' #HNO, IR #2520
R A, PEH AL (PF6410,
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Table 1 Basic chemicalproperties of the soil in the experiment (2013 )

b B HHLRY e A A Y A e
Treatments (gkg™) (gke") (mgkg™) (mgkg™) (mgkg™) (mgkg™) et
np" 15.9 13.3 68.9 24.2 51.0 166.5 4.4
NPCa®’ 18.3 13.8 94.1 32.4 56.0 181.5 4.6
NPK*’ 17.2 15.2 86.1 27.5 217.5 257.5 43
NPKCa*’ 17.0 14.3 99.1 24.3 161.0 261.5 5.6
NPKS®’ 17.9 13.7 78.0 30.3 232.0 228.0 4.4
NPKSCa®’ 20.0 13.6 80.7 23.1 251.5 171.0 5.0

e 1) ARG, 2) ARG+ K,

3) ABREECE, 4) BRI+ K, 5) ABHIECHRFT, o) AR ECHRS T+

M. Tl Note: 1) Chemical nitrogen and phosphorus, 2) NP plus lime, 3) NP and potassium, 4) NPK plus lime, 5) NPK plus
straw, 6) NPKS and lime. DSoil organic matter ( SOM ) , @Total potassium (TK) , @Alkalyli(a nitrogen (AN) , @ Available
phosphorus (AP) , @Readily available potassium (RAK) , @Slowly available potassium (SAK) . The same below

EHEREE) WE . A FacHE (CEC) R
1.0 mol L' PENH,0Ac LR FEIENE . etk
BIF1.0 mol L' PENH,0Ac HELHEH— KIELE
T SE s e tEES . BEFH1.0 mol LT ENH,0AC
SRR — R (AA-6300C, BH)
o SSHAER R mol L7 KCIAZHa—rh FI o 1
M

1.4 HEE

P15 % ( Gain and loss rate, GLR ) S L4
FEAL AR PR + 00 & SR = BRsi 55, [ s i
T RE AR BRSNS 5 o AR PR B S T R
(%) = [ (HRBRHHERAH & - AR AR PR 3 L
PR A ) JAEMRBR LA B i ] x 100, GLR >
0FRFENFE, CLR <0 RFESTH 2,

PP E ( Potassium saturation, KS) (%)
= ( ZHPER/CEC) x 100,

ARG R HEFR A CERALHN . e . il
B . SRS EE ) AR (%) =
[ O A B A 3 A B 5% 43 3tk — X L ANl A1 i A 3
FHEFESY ) /X AN A Ak P A e IR
x 100,

RIS B SigmaPlot 10.0 HISPSS 20.0 & 4t
WAOFHEATIER . 25 R (RN R E 2R,
LSD ) FIAH M3 4T o

2 4 R

21 FEARFRAEBHRIRSIERRLIFRE SR

ET

AN 7] i S Ak 3 AR B 55 3 AR B - 3 5 B0
fEFEES, R EAME (F1) o M#E
FRAEF WML, RIS AR PR & R 2
ARG e T s S, RIRRIE 2
25 it A Ak 38 Al AR o A 48 5 A% B i B AR BT I e
1%, AR B - M SR o o E R T IR SR Y
ik SNPAHILL, MEEFALEE ( NPKAINPKS) T KA
i) A= B IR B 5 A AR PR - 1 5 2004 o i 38 S 4R
B, ARBR AR AR R AR 0O Y4 R 120.4 mg kg A
149.6 mg kg ', FEW W SR Z, BIH SN
329.1%M351.4% . R T KA, PR HEHEL
B EARTHEMRER, SEMIALL, NP, NPK
FINPKSAb P 7E 47 30 R 5 300 AR I 3 25 4 5 £ 34
TR, B 91 R27.2% . 30.2%F154.9% .
FRWAR LG, MRPREACER A — s B0 BT,
SERINM L, A AL FR 4R R T 32.5 mg kgL
36.0 mg kg ' F1107.5 mg kg™

WA KA VL, SR & R R
RN ANt A AL BEAR LUWE A AR . FERIDT, A AN
Jiti A7 K, NPKCaFINPKSCakhHAR BR5 A4 Pr £ 5
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s BSERAEMR R L3, RSFIRMPR L3, /NG T 0% A — it I Ak JHUAS [6) I AR B 5 AR AR B 22 53K 5% 1 [ 7K1, 6 5 h /NG
P R A — it AT AN s AR B 5 AR AR PR 22 5538 5% 1) .35 7K, 1R 2548 F/RSDIH Note: BS stands for bulk soil and RS for rhizosphere
soil; The lowercase letters indicate the significant difference between rhizosphere and bulk soil at same fertilization treatment but at

difference stage (p<0.05) , the lowercase letters in brackets indicate the significant difference between rhizosphere and bulk soil in the

same fertilization treatment and stage ( p <0.05) , the error bars mean value of SD
B ORIRAE B R AR PR S AR AR B e s RO &

Fig. 1 Contents of soil readily available potassium ( RAK ) in rhizosphere and bulk soil of maize at different growth stages

SRR A i SRR AR, ARPRAT AIREAR46.0 mg ke FT HEERARE . SANMEA KM, A KA #
26.5 mg kg, ARMRBRHASCER & BT BIREL68.5 mg kg™ ( NPKCaFfINPKSCa ) £ KL 5l 240 & e 4
M56.0 mg kg™'c NILTTWIE AR, NPKCafl AT IR, HRERH GRS T
NPKSCakh AR bR 40 & A N A A KA EE 2.2 ERAESEESHREFELIERERNBRSETL
SR TR 25.2 mg kg ' F133.7 mg kg', NPKCadE#l AN [i) il JER Ak BEEAR o - 398 5 2 B0 B 75 R AE AR 22
PRl s 8 FRE41.8 mg kg™, NPKSCadEMRFRIERL 5, RRFRAERICN RS T mas (E2)
PROC R 24k . NPCa 5 NPALHEAC I J6F i AL Al KIEGL T, NP NPKAINPKSAh #AR B 2%

100

—&— NP —O— NPCa (a) |—®— NPK —O— NPKCa (b)|—®— NPKS —O— NPKSCa (¢)
80 r
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R ob: 318 CIl AT
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Fig. 2 Gain and loss rate (GLR) of RAK in rhizosphere soil at different growth stages
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BB 5 BRAE W W N -6.0% . 1.4%H1-3.6%; M
WA R, WRPRE AT T EeRs, 5
BRI B4 18.2% . 34.29%H126.4% 5 TENCIR I
I ET, SRS T 64.4% . 20.1%
166.2%, HNPFINPKS Kb FHAR PR 8 85080 3w
M4

it A7 KA LLS , A BN R A F I OCBR
WILLAN ) AR PR A 5l S0 B R AR AL R A 5 A
i A7 AL FRAHL, NPCa., NPKCaFINPKSCakh
PRAE BRI B 7 R 5N, il -14.3% .
0.4%F1-23.3%; TEREIRW A H-3.2%. 5.0%.
21.3%, NPKSCaMINPKCah 35 H B - 598 5 250 B 1y
MEERS; WOREHREEERES, S4£55500
47.7% . 25.7%M43.2% . S5 ARG KA, R
Jiti Ay Ak B 2 v AR B S A Y B T R (i
PRANEERR T HALIAN ), AR H B S
8.6% . 33.2%F19.3%, W4z T HLFR - HEHALH 1)
T,
23 TEFEYWMSEYW. SHRMETEE. RES

IRFRAE K 1%

- A AN 2 AR Y

=

o,

M H 5 A e VA B . SR A DL K&K/
(Ca*+Mg™) E4Ebr VM, EidF2nT 5,
TEK (=) Ca (-) (BINPALHE ) H500F, HiEm
RO S M AEK AL R BB FEM LR (p
<0.05) . 7EK (=) Ca (+) (NPCafh® ) 1HH
T, EEEACE S S A e MR W M
XKFEHR (p<0.05) . K (+) Ca (=) (NPKAI
NPKSAMHE ) TEBLT, MR & & 5 %30 &
HREDEEMIXKLR (p<0.05) , SHMIEK/
AR B EEMELR (p<0.01) o 7EK (+)
Ca (+) (NPKCaFMINPKSCafbF ) i, ik
B RSB AE A . SR MEKY (Ca¥t Mg )
AR KA K AR B AR RD B 4 5L S OE AT G
KER (p<0.01) o AH AL AT AH O 55 Br
AL, RS RS S R SCRPEKY
(Ca’+Mg®) | MK AL LKA 1 1 i 1y
EWEEEMILEKR (p<0.01)

ARG AR BR . AR AR B 28 R0 RN AR A
FEXTAR A (A MR E R AR AT AR Ak 3 ) 5 I 1Y)
RO AR AR AL R A R 2 () MR (K
3) . ME4 (b, o, WAL AIHL, 7F Z 8580 B it

F2 EYWSESTRAXEWE TR RAMEXME

Table 2 Pearson’s correlation coefficients between soil relevant affecting factors and RAK content

e o 5 s St b
it G SHERT  seHdEEES ARt .
L pH . B CHpAsgE) > (A ) ¢
Items (mgkg™") (emol kg™ ) (cemol kg™ ) (%)
(%) (%)
K(-)Ca(=)" (n=8) -0.103 0.429 -0.310 0.357 0.446 0.526 0.960*
K (=) Ca(+)?* (n=8) 0.626 0.349 -0.954* 0.010 -0.268 0.743 0.910
K (+)Ca(-)" (n=16) 0.847%* 0.261 -0.214 -0.175 -0.338 0.653 0.761%*
K (+) Ca(+)* (n=16) 0.992%* 0.359 -0.475 -0.241 0.909%* 0.926%* 0.898**
T (n=48) 0.962%* 0.032 -0.144 -0.210 0.515%* 0.812%:* 0.735%*

e 1) NPARHL, 2) NPCakb¥E, 3) NPKRINPKS4bHE, 4) NPKCaMINPKSCakh¥f, 5) S AEE, n: FEMECE; <+ fl+4
MFIRAE1% 1 5%KF-F B EHF XENote: 1) Treatment NP, 2 ) Treatment NPCa, 3 ) Treatments NPK and NPKS, 4 ) Treatments

NPKCa and NPKSCa, 5) All treatments. n: sample size, ** and * means significant difference at the 1% and 5% level, respectively.

(DSlowly available potassium ( SAK) , @Exchangeable aluminum ( Al**) , ®Exchangeable calcium and magnesium ( Ca”*+Mg™" ) ,

(@Potassium saturation (KS) , &K/ (Caz++Mg2+) , ©K/AI"

( NPKAINPKS) 60T, IR ZUCR I, iif
B 53| AR P 5 A0 AR AR A R A X AR A R
AEAR PR R I 3, 22 S5CBR AR X A8 A 8 g3 S F- 4
14.6% (#RFr) F10.3% (AEARBR ) , 4510 F1 A1
X S AL Ry B2 K 37.4% (ARER) F12.6% (dF

RPR) o 254 K3 Cafile) MR FRERTTH, MW
H CRBUER R R BE ) ST 349 4 X A8 Ak 2 5% By
BB T SRR AL R Ry . R BR (20.7%
33.6% ) i TARMRPR (-2.9%f124.29% ) . Hik,
25 Bt AR P - 38 5 4k A B 1 A X AR AL R KT
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BRALEE I (NP) Jifr K, A [R B BAAR B 5 3R AR PR
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S
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Relative variation rate of soil RAK (%)
(=]

_20 k
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-10 0 10 20 0 40 80 120 -80 -40 0 40 80
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Relative variation rate of soil SAK (%) Relative variation rate of soil (Ca>*+Mg*") (%) Relative variation rate of soil KS (%)

K3 RGO | SCH R PR AR RO AL R A B O AL AR Y 5 AR

Fig. 3 Relationships of RAK with soil slowly available potassium ( SAK) , exchangeable calcium and magnesium ( Ca’*+Mg™) ,

potassium saturation (KS) , in relative variation rate

3 i ®

3.1 ARBMMRIESIERRRNF S EMF M0

—EAT , BRI IR R E RN E KA
WD, BHAERTE RS, EA R T L ik 3
R, AR B R Y L
AR R AR B YIRE, TK 0 A
A5, T E/D, WRPRSIER R R o
AR R K (1) o BEE ERMAER (3R
W), R RE ) AR R, TR,
HR P 5 A AR B S5 0 8 S R A R 3. % 40 1) W 3
B A A VR 2E K e — g i P SR
SRR A T BN TR 45 R, NP AR B
B FORIE R A, DX R TR R A
K, A (NPKFINPKS ) {2k T kg4, B
STAR R TR R, S EORBR G o™ 7E s
TRARAERPE IR B K, SOl R BT i
RGRE P FETOREEI (E) A KRG
HR PR 5 JEAR b e A0 & R AIG, X R
Ryt A7 K S R EOK R, H S R A

W B EA 2R (R*=0.85, n=190) "), ¥
PR+ e R TH AR, il K 5 34 1 A
T LRGEREA - (K1) . SAMEA
TRAR L, it A K A4F I AR s o R0 4 7 B AR AL/
FEEHTFHRNAKUE LEBERPSAERZH
Ca®, Ca” FEMBB X NTR, HEKRTEE
AR, HIARPRCa™ & B W = TIRRER, {2
E RS [0] 9 22 $9F 78 r A R R TH AR R WA o5,
AR AR PR A A Y ORI A R Ak B
IR R A A s AR T, fE R OR R
A, A SRR, (H T Bl K 53 1] AR B
R WO UG, HBRS AR AR R s
ERE, RPRERE RN B, XTTRES
BORERt A 5, WK A H AR EAE TR IF 10 R
£, MRACEHZE, AEZHEFRREA L
Herp 0 SEOR R L R B T B
32 AEEERARREBMIMIRIRELEHETEDY

A

KWIARRDEAC A FE R, T KM PR 4 198 o 5 4
AALFFHRA (K2) o BRLE T K AE &
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K4 RFEZEF S . SRS . BRI & i SRR AR AR

Fig. 4 The contents and relative variation rate of SAK, exchangeable calcium and magnesium ( Ca>+Mg”) , and potassium saturation

(KS) at different growth stages

A, WARRE T, RERSAERRAHZEAR LR, R
Br A e s 2 7 R AT T& . BEE kML
K, e, NP, NPK. NPKSH Fm i S8 ¥ 2
THURZE, FERN, MR E A KR
HHE, HRASER AR E AT LR R 5
W RPN AT H BT R A R I R 0, B
FRBR B IEANR R, N TR T, TR
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Rhizosphere of Maize Relative to Growth Stage of the Crop
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Abstract

331717, China)

[ Objective] In attempt to provide a theoretical basis for amelioration of acidified red soil

through liming and build-up of potassium ( K ) pool, efforts have been made to explore residual effect of

liming on K in rhizosphere and bulk soil in maize field at different maize growth stages in acidified red soil.

[Method] From a long-term fertilization experiment ( Started in 1990 ) , designed to have six treatments,
including chemical nitrogen and phosphorus (NP ) , NP plus lime (NPCa) , NPK, NPK plus lime
(NPKCa) , NPK plus straw (NPKS ) , and NPKS plus lime ( NPKSCa ) and conducted on a tract of upland

maize field of red soil in Qiyang, Hunan Province, samples of rhizosphere and bulk soils were collected in

the maize field at the seedling stage, jointing stage, filling stage and harvesting stage of the crop in 2014

for analysis of contents of different forms of K, pH and contents of exchangeable calcium and magnesium

(Ca”+Mg™) , and exchangeable aluminum ( AI’*) . [Result] Results show that 1) compared with

Treatment NP, Treatments NPK and NPKS were obviously or 120.4 mg kg™ and 149.6 mg kg™', respectively,
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higher in readily available K ( RAK ) content in both rhizosphere and bulk soils, however, Treatments NP,

NPK and NPKS, all suffered K deficiency in rhizosphere at the jointing and filling stages, with deficit being
18.2%, 34.2% and 26.4%, respectively; 2 ) comparison of Treatments NPKCa and NPKSCa with Treatments
NPK and Treatment NPKS, respectively, shows that liming lowered RAK content, respectively, by
46.0 mg kg™' and 26.5 mg kg in rhizosphere soil and respectively, by 68.5 mg kg™' and 56.0 mg kg™ in bulk
soil at the seedling stage, and increased RAK content in rhizosphere by 25.2 mg kg™' and 33.7mg kg™',

respectively, but reduced the content slightly in bulk soil during the period from jointing to harvesting;

comparison of Treatments NPCa, NPKCa and NPKSCa with their corresponding non-liming treatments
shows that liming increased soil RAK gain and loss rate in rhizosphere soil by 8.6%, 33.2% and 19.3%,

respectively, over the whole growing season; 3 ) soil RAK content in both rhizosphere and bulk soil was
significantly and positively related to the corresponding slowly AK ( SAK ) , potassium saturation (KS) ,

K/ (Ca’*+Mg™ ) and K'/A1’*, and SAK was in ultra-significantly positive relationship and KS in ultra-
significantly negative relationship with RAK in relative variation rate. [Conclusion] Four years after liming
in the farmland, under long-term N, P and K fertilization, it is found that liming has increased the contents
of RAK and SAK and KS in rhizosphere soil (except at the seedling stage ) and the content of ( Ca”*+Mg™")

in rhizospheresoil, but not so significantly as in bulk soil, thus eventually alleviating RAK deficiency in
rhizosphere soil.

Key words Long-term fertilization; Red soil; Lime; Potassium; Rhizosphere and bulk soil
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