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K, 4165T7hm’, [ &8A b B A 40% LA
b, WMEARE EERREETIZ— Y %
X, BT F B ARy O A L
B Z R A BUE YR 45 L e TR
WAL AL 77 =N 38 2 R A5 i AR R AR A A Y
Wb, Rl R R B - U i e
KRIFRERE.

ASCURE 2 B KR N &,
W R ZNE—HRGRAERG FEYH R Rk
ORI CR . R e R AR B AR
PRASEFRAE , 4898+ HEGHE A 5 /MEA A . 4
SR T B N DG AR, A it AR 2 - A R
FIFH K 7 520, R i D 22 38 4 DX e 7™ B A
Jita 40 75 3B A

1 PRSIk

1.1 I8 X#ER
B A TR A S kD 22 M+ A S I

AN G N (33°13'N, 116°37'E) , kb
T V- 5t B B A M LT L, e I R A 2 1 2R R
S, ZEVHRIE16.5 C, EVYFEKE-T2
mm . i%%ﬂﬁ@%%i (%@*ﬂ@kﬂﬂ’ﬁ‘ﬁi) s
BB O IAH TR, 2 S
1.2 Wit

I A T 19824, I X ) ff 1 iy SEA 3 AL
PER M. AHLFE10.1 g kg™, 2% 0.96 ¢ ke', 2
0.28 g kg™', 2817 g kg™, pH 7.4, FhEHIEE Jy 4
INE—R R GHAE, & SH AT A B . ANt e
(CK) . ®HA (CF) . fIB+ZFF (SCF) |
LR +353% (PCF) AMEAE+428 (CCF) o BA/D
X HAT0 m®, R, 4REE . S4FEHET
HIE180 kg hm™ (LA4EAIT) | BE39.3 kg hm™
(Lhalighit ) . #8112 kg hm™ (LAZEHRE) o A
BEER IR TP A NE N IR R, BEAC b B RS, HAESh A
TR it A A 7 2R FH R — Wk Pk /N 22 36 R A
LA, RO . BHAEMEIER 2, #EIr=
KNTEHE, T N20 em, &/NERBAIER T
K, BERGRIE ., /NGRS R B4 11H
B, ERERERNEE G R0 H . 25 Ak Bt it 1%
TP
1.3 HmEESNERZE

T AR R S AR TE RGOS, T 4G
HAT “S” B2 S, RAE0 ~ 20 em HF)Z 14,

x1 FREERLEIEES

Table 1 Application rates of chemical fertilizers and organic manure relative to treatment

ALAE Mineral fertilizers EERSIR7E =
(kghm™?a™") Organic amendments JSXAIE PN
Ab ¥ - .
i At () et ey A Total K input
Treatment Lo
N P K Amount ( fresh base ) Total K content K input ( kg hm™ a )
(kghm™a™") " (%) (kg hm?a™)
CK 0 0 0 0 0 0 0
CF 180 39.3 112 0 0 0 112
SCF 180 39.3 112 7 500 1.15 52.2 164.2
PCF 180 39.3 112 15 000 1.11 48.3 160.3
CCF 180 39.3 112 30 000 0.95 102.6 214.6

(T

e 1) AR SEEEMAEZSRE SRR (20134 MI20144F ) 5390 839.5% « T1%M164%; 2) ZZAF A9 H & i scill (20124F)
WEHAN S0 A B0 S ik I CPEATHUILR R ) ) S EI . CKNARIEAL . CPHBALIL . SCPMLIE+£FF . PCFALIE
+H453% . CCFNBAE+4F3E, TF[E Note: 1) Mean water content in wheat straw, pig manure and cattle manure was 39.5%, 71% and 64%,
respectively ( cited from the data in 2013 and 2014 ) ; 2) Content of total K in wheat straw was measured in 2012, and contents of total K in
pig and cattle manures were cited from the manual of nutrients in organic manures of the National Center for Agricultural Technology Service

(1994 ) . CK stands for application of no fertilizer, CF for application of mineral fertilizers only, SCF for application of wheat straw plus

NPK, PCF for application of pig manure plus NPK and CCF for application of cattle manure plus NPK. The same helow
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ARG, N TR R A] UL HE 2 S A
MRS, 2 mmifi, WAE&M. R EEHE 5
20 H 100 B, DA FEHE AR AT . 1 AR
B R BERUAEAY S 19834F | 19914F . 19994 | 2001
4 20034, 20054F . 20074F . 20094E 12011
AR, JROAMEfS . FEPREE SR A/NX A “S” JB
BEHLRFE . 3 AR R RE i 20T 22 BE - >0
B, Horb, AP SRk AR R A
ks HIERZCRMIYLIRE Bk B 2R el
Pl R HRE S ak; ARk
NaHCO, 2 it—8 B bt b (i TR R &R
AN Tl — KIADCEE T GBI R A R I W A
PRI — SO R T s AR ] IR B R 4 —
KAGCREE TR E 5 pHI A2 R A A7 3 5 AR R
K HH,S0,-H, 0,58 4k — K AE N BETHE I 2 o

1.4 HIESH

VED 7 5 R /NI ST 92k, 7 il 2 i) 47
B35 T HERE AR AR . /INZZ FIR G B4 L4
BT 2A01.1 DT, RIS kR, 20,14
HE T e R R R K, S VR A R
[E R R, 2 B QiuE ) ity ik

IR MR T

K. =K -K, (1)

K, =Y Ksi (2)
Hof, KA+ R T, kghm™ a5
K WAHRAE I R AR, kg hm™ a™'5 K WA
SEOMEYI B, kg hm™ a™'y Ko HE—4E
By L3 R B T, kg hm™ PN RARAES .

TR AR B A AK:

AAK (mgkg') =K, - K, (3)
Krp, Ko —A 0 R R, me kg™’ K,
19824 - M A% 4 B i

T RRHRAEK,. BRHE TS R HEL

PR E B OCR

y=ax+b (4)
w, fUEK K, kg hm™?; pfLFE A AKEAK,
mg kg™,

A (R 52 45 5 Excel 20 1035817 5038 i 40 26
P, FSPSS 19.08 474810 #r, £ E I
BRHARNEEZRDE (LSD) KK, WEKF
p<0.05; JHSigmaPlot 10.01724: A,

2 45 R
2.1 HEREF AT LIEAR A9 E2 M

09 i AT AT 2 5 ) - SR SR (FR2)
HCKA AL, CFAM AR, 24 . &
W AER . BRFR AL AR A S 0 B
44.1% . 25% . 31.3%. 13.7% . 29.5% . 254.8%F
13.9%, 2ZS¥k8 8 EKTF (p<0.05) . 5CF
REFRAR LG, K BIEEA VUL (SCF., PCFAICCFAR
) SRS S (AU, 28, &) KA
For (IR A . AR . AR )
WA B ERE, TR E F A LR AL
AR Fr 25 510, ik A 9 A B T S
SCF. PCFHICCFAL# + e HLJ5 H2 TH i 8 B2 2 51
}30.6% . 44.2%F1109.5%, CCFAbPER Em TSCF
FIPCFALEE (p<0.05) , SCFAIPCFALHH[a] G .
5 (p>0.05) . SCKAHEAM L, Kt H
(CF) FEEFSFF (SCF ) Ab3 + 35 p H 23 5] B A
10.1%F114.5%, 2% 8% (p<0.05) , 1Mi¥Gif
WA SR B (PCFAICCE ) XF - 3EpH L B 3%
SN
2.2 HEREARXEKE S ERIFERS R ETR N

2% it B Kb T /)N 22 R Rz RN RS AT 4 B 4 B 1
3.2~4.4F55~14.4 ¢ kg'ZM ($£3) . HCK
AhEEAHEE, CFAABETT R (p<0.05) Bihn/hA
FEAF B & f, iR R S R (p
>0.05) ; WEAIYE (SCF. PCFMCCFE
) AT RN Z AR RS (p
<0.05) , HrhCCFab B iR A, i JI7 2% K
SRR RS FF B R S AR SN AL AN
AN Gl 13 4 Wk sl A n 19T R . CKAR
FEAE Py W B AR R R, T A% it A Ak B O A
R R R 2 R LA BN
#, CK. CF. SCF. PCFAICCF&h /N FI K G b
o AR W /8.3 ~ 104.41113.8 ~ 59.6
kg™ hm™? a2, fEPIWAIE (MEHREZ
) 4r5 k22,0, 83.7. 117.6, 121.7H1164.0
kg hm™ a™'. H5CKALFEAM LG, CFARFRIEYAEY
W BB N T 280.5% , SCF . PCFFICCEFALFE 4351
BCFAE PR TH40.5% . 45.4%F195.9%, 225 W%
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®2 FEEELERELIE (0~20 cm) MR
Table 2 Physicochemical properties of the soil in the 0 ~ 20 c¢m soil layer relative to treatment
, X o A GER
£ U 2 TR 2 A1 R
Qb AHHLFESOM Readily Slowly
. Total N Total P Total K Alkaline N Available P pH
Treatment (gkeg™) » . . y . available K available K
(gkeg") (gkeg") (gkeg") (mgkg') (mgkg') B B
(mgkg') (mgkg ')
CK 10.2d 0.8d 0.22¢ 17.5b 70.9d 4.2d 72.3d 222.4c¢ 6.9a
CF 14.7¢ 1.0c 0.32b 19.9a 91.8¢ 14.9¢ 82.4c¢ 224.3¢ 6.2h
SCF 19.2b 1.2b 0.38b 20.1a 105.5¢ 15.9¢ 128.4b 281.6b 6.0b
PCF 21.2b 1.3b 0.54a 20.5a 123.9b 50.6b 133.0b 302.3b 6.7a
CCF 30.8a 1.7a 0.59a 20.7a 151.5a 63.8a 289.5a 380.9a 7.0a

W A E RN S R 201 34E M GE A, H AR AR M 19834E 201 14E [a] 341, A S A [A) /NG 7 2 % Ak B ] 22 57t &
Z (LSDZ H L%, p<0.05) Note: Contents of soil total K and slowly available K were data obtained in 2013; and all the other
physicochemical property indices were means of the years from 1983 to 2011. Different lowercase letters in the same column mean

significant difference between treatments ( LSD test, p <0.05) . The same below

R3 FEMERLCEEMITFRAEFESE

Table 3 Content of crop K in grain and straw relative to treatment (g kg™ )

Kb /A Wheat K Soybean
Treatment #H7 Grain FEFFStraw FH7 Grain i FF Straw
CK 3.2+0.1c 5.5+0.2d 16.4+0.7b 3.5+ 0.4c
CF 3.2+0.5¢ 7.5+0.1c 18.1 £0.6a 5.4+ 1.3b
SCF 3.8+0.2b 11.1£0.1b 19.1 £ 0.4a 6.9 +1.0a
PCF 4.4 +0.6a 9.8 +£0.9b 19.2 +0.7a 7.6 £ 1.6a
CCF 4.4 +0.5a 14.4 +0.3a 20.9 +0.2a 7.9+1.2a
e VI « bR 22 (20134E5 ) Note: Means + SD (n=4) (2013 data)

o 160 - 160 , .

Té 140 /N# Wheat 140 [ st

s | =9 "9 _@—(CK —~— PCF

M 120 + 120 [ —O— CF —#— CCF

e [ \-/-
E% w00t - 100 —¥— SCF
\ I L

wE 80 PR ENY SN 80| e mgm®

'ESTQD 60 === OOV 60 = "’==% g

E.%,f/ - ///O 00 [ ﬁf: —_— g N,

% 40 - ——O0 \)’ O 40 | :—____.____.’....

%‘5 N o o o 20| > 09

& 0 : f f 00090 0 . . . . . L )

1980 1985 1990 1995 2000 2005 2010 2015 1980 1985 1990 1995 2000 2005 2010 2015
4L Year
FIL TRl it I Ak I/ 22 F0 oK o 0 B 3 2572 Ak

Fig. 1  Dynamics of crop K uptake for wheat and soybean relative to treatment

FELLCKAR B g 0 IR, 355 AN TRt AE 7 XU R AR
PR (E2) o BRI E, £ AL #EAE
Py B 1] A 24 it S 4 IR ) 3 i 9 T v, KL
[ i 5 B 38 K S R T /NAE . CF L SCF . PCFAN

(p<0.05) , HHSCF5PCFANHLE] TC i & 2% 5,
CCFAbFR i 2 75 TSCFSPCFALH (p<0.05) .
2.3 EREA X FEY R R BRI F 0

AR 5 it A Ak 38 g A1 A W b L 3 43 1 T B
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Fig. 2 Dynamics of crop K recovery rate for wheat and soybean relative to treatment
CORAbFR /N 22 1K 5 40 26 161 50 5% 22 46 - 2 18 43 91 T 450
-
1619.8% ~ 23.0% F134.4% ~ 44.8% , 4Ff it JIE b 3 2 400 97 K »
B AR (NS R G EIRZ A 4351k 3 307 2 i e N
2
55.1% . 58.2% . 62.2%M166.1%, LLCCFibF & @E 300y 8- CF ;o
=n P % L [ ]
B, CFAREAL, S HAICCF > PCF > SCF & 250 e
" RN e o == L
~ CF, BEBT, K000 00 5 36 1 4 2 25 4 5 I e vl 53% 200 g
s SsofF -7
BERTHED B E FIOR E oo | SEEPSREE SARE S
2 L
2.4 HIERIHIET K E AR ERR AR < 5 0-7===1£=::‘==0§2:¢?:291;°
W C K &b B9+ B8 6 A0 40 4 B S AE TR Ah . Hids i’g) 1980 1985 1990 1995 2000 2005 2010 2015
© Ay Year

M N AL A G A (3D, A
S AEYEE H70.1 ~ 397.3 mg kg™', HibCCFik
P R AR B R R K, CRAR RN
CK. CF. SCF. PCFRICCFIH5H i AT &b P - 18 5
RO 2 AR BIME A ) 7230 82,4, 128.4,
133.0f1289.5 mg kg ™' SCKALHAHLL, CFAbEE+
B AR B ERN (p<0.05) , HEhnE R
13.9%, SCF. PCFFICCF &b P 4 18 3 40 & 4%
A CFALBRIETINS5.8% . 61.4%M1251.3%, 25
% (p<0.05) , MSCF5PCFALH]JC W 2 25 7
(p>0.05) . TIEHKH GIMEH R A Z ]
BILE PR 0 Mr 6, 4R AR AL PR (CF. SCF .
PCFHMCCF ) 0B 5 5 Y Bl B AP I8P R 4%
AR nmsg R, HEMKEES 27 (A
4) . BNEFASMEAI100 kg hm™, CF. SCF,
PCFAICCF &b 38 4 58 3% B0 & o5 43 5138 n0.37 .
0.54. 0.62F14.27 mg kg™", B hNEEE ()T K CCF
> PCF > SCF > CF, M, HpafsFrFsg ik i
( SCFFIPCF ) 3 B CFAb BRI IN45% 167 %, Tk

K13 AN Ta] it A Ak B - 9 A 5 R 1 s S AL Al
Fig. 3 Dynamics of content of soil readily available K relative to

treatment

fiti 2R FEAbEE (CCF ) MR B 29 CRAR B 1045 .
25 TEHENASESEMEEENXR
FHERAH MRS IR R AT E
(R ) B DG R AN P S BT s, 4% A B 4 AR B A i
+ AN R T Y S A LR I AT e,
X PRI HGHAER E K SE  T BRIEASC . CK
b, HHEREI R AR 100 kg hm™, L HEHAL
BEN0.64 mg kgt MIH AR IR AL HE, £
B R A100 kg hm™, CF. SCF. PCFHICCF
b IR A HEH AL S A G 1.4 1.8, 2.3F115.8
mg kg™, BAANIEEE HCCF>PCF>SCF>CF, H
b, HEEFRS AT A 2R AP (SCFAIPCE ) 43 3 5%
HOHLCFAL BRI fN319% F163.8% , 11 14 it 4 2 4b 3
(CCF) WK ARE L CFAL BRI 104, x5 4 gk
SRR B R A AR SRR A A e 1N G R AR
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Q
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g L0 1=0.87%%, =9
- 200
=)
£ - 0—aoX P
2100 100 3=0.04x+115.5
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0 L L ] 0 1 ! '
3000 6000 9 000 3000 6000 9000

SRAMEAHE & Cumulative K input (kg hm™)

W o7 FTIRTE1 %KAM i 3 Note:#* indicates significance at p <0.01 level
K4 s R RS P A R G 2

Fig. 4 Relationship between content of soil readily available K and cumulative K input
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AT I 22 52 8, PRR AT O 22 B3R i 33 40 1Y)
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HAFER BRI T IR AT, X 8254 F4b
HAMRAR R B XA A A K AL 7
2k n a5 A LR & i, R R R R
R P e Y R, R B
AT A 7= BRI 2 R B3R T, R A R 00 AL
BT, $2 mICREA I RCR, B2 A LB A
5if b IJE0F IR Y [E R B E RE T, B e G2 P RE AN
FEAHE 2T AR AT S R AL L TN AS e B
JELAE T A R A — Se xR P64, e BEK PR ST
AN G, e 2E - R0 235 A R 5 4 X
oA aichE 2 L R, K A LR 4R 7
AT, BRI X AR W, n]RER
ABESEAE B0 2R I 25 v T LA AE Ak BE ) 5
— L E N o AT HLTO T HEHR 2R 15 AL A
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HE TSR 20, AT — S BRI BRYE 4 )5 I A o
AEEAETT 2T R (R SR

http: //pedologica. issas. ac. en

S

(T

2017-7-20 8:56:11 ’7



W +Hiindd 984

1000

1500

500 1000 1500

984 + e X il 54 %4
-10 - 400
CK CF
B 0,006 4x-137 300 F 3=0.014x-3.07
— 7=0.83%%, n=9 O r=0.73**, n=9
%W 6F
- L
= 200
E -4t
i 100 b
g 7|
T; 0 @) 1 1 1 1 0
= 200 -400  -600  -800 500 1000 1500
T 400 400
= SCF PCF
3
S 300 1=0018x+33.24 300 1 . 0,023x+35.25
g =0.89%%, n=9 7=0.84%%, =9
g 200 F 200
o
=
& i 100 |
2 100
=
5 60— 0——000000° o ——0——00P
w0 " 0
RS
=
i
&
=
®
.H

500
400 ¢

CCF

o

300 1 3=0.16x+16.91

7=0.93%%, 7=9
200 |
100 |

o
0 L .
700 1400

2100

+3e4 2R 5= Soil K budgeting (kg hm™)
e, o R IRTES % AN %K A e . # Note: * and ** indicates significance at p < 0.05 or 0.01 level, respectively

&5

b i R e RN T BRI O R

Fig. 5 Relationship between content of soil readily available K and soil K budgeting
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M - S 2% 14 28 IR S A R PO AR
JEAE AL EEANE AR R A R R BB ES -
AU SRR M S R — B HIE T X — A
WAL AE A B A A SN AR 100 kg hm ™2, 3R AL
BREREIN0.4 mg kg (F4) 5 I EBERA
FAR100 kg hm™, HHEHIIE BN 1.4 mg ke,
TGl A2 FE | A% 3R A 28 A0 B 398305 0 5 B 9 A8
TR B 2 0 3 = T AR AR AR B (RS ), X e
R AALIE (A, SIS ) eIt e sk
BRI RE 1 7 TR R RUAR A S g, HE P AT
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Effects of Long-term Fertilization on Soil Potassium Utilization and Budgeting
in Vertisol Relative to Application Method

HUA Keke' WANG Daozhong'"  GUO Zhibin'
(1 Soil and Fertilizer Research Institute, Anhui Academy of Agricultural Sciences, Hefei 230031, China )

LI Congcong’

(2 Party Committee for the Organs, Anhui Academy of Agricultural Sciences, Hefei 230031, China )

Abstract [ Objective]l Soil potassium is an essential macronutrient for crop growth and plays a
key role in maintaining high crop yield. However, so far it is still unclear as to dynamics of soil potassium
utilization, especially quantitative relationships of content of soil readily available K with input of extraneous
and budgeting of cumulative soil potassium relative to fertilization method. Therefore, this study was oriented
to analyze dynamics of crop K uptake, crop K recovery rate, soil K budgeting and content of soil readily
available K and to explore quantitatively relationships of soil readily available K with input of extraneous
K and budgeting of cumulative soil K relative to fertilization practice based on a long-term fertilization
field experiment in a field of vertisol in North China. [Method] The long-term experiment, located at the
Mengchen Agro-Ecological-Station in the Huang-Huai-Hai Plain, North China, was initiated in 1982 and
designed to have five treatments, i.e., CK ( no fertilizer ) , CF ( mineral fertilizers ) , SCF ( mineral
fertilizers plus wheat straw ) , PCF ( mineral fertilizers plus pig manure ) , and CCF ( mineral fertilizers plus
cattle manure ) , and four replicates for each. Plots, 70 m” each in area, of the treatments and replicates
were laid out in a randomized block design and separated from each other with cement boards embedded 50 ¢m
deep. Soil samples were collected randomly from the top 20 e¢m soil layer of each plot along a S-shaped line,

after the crop of soybean was harvested in October each year, with a soil core sampler (inner diameter 7
cm ) . Chemical N, P and K fertilizer was applied in the form of urea, calcium superphosphate and potassium
chloride, respectively, at a rate the same as the local farmers did, i.e., 180 kg N, 39.3 kg P, and 112
kg K hm™ yr". Soil total K was measured with the sodium hydroxide melting-flame photometry, soil slowly
available K with the nitric acid boiling-flame photometry, soil readily available K with the ammonium acetate
extraction-flame photometry and crop K with the vitriol peroxide/hydroxidation-flame photometry. [Result] It
was found that the mean crop K recovery rate varied in the range of 55.1% ~ 66.1%, relative to treatment and
displaying an order of CCF > PCF > SCF > CF. The content of soil readily available K increased somewhat
in all the treatments except in CK, where the content declined steadily over time. The over-year mean content
of soil readily available K exhibited an order of CCF (289.5 mg kg™’ ) > PCF (133.0 mg kg”') > SCF
(128.4 mg kg') > CF (82.4 mg kg') > CK (72.3 mg kg™' ) . On the whole, a significant (p <0.05)

positive linear relationship was observed between soil K budgeting and content of soil readily available K. The
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gain of each 100 kg hm™ in soil K budgeting raised the content of soil readily available K in Treatment CF,
SCF, PCF, and CCF by 1.4 mg kg™, 1.8 mg kg™', 2.3 mg kg™' and 15.8 mg kg™, respectively. Besides, a
significant ( p <0.05 ) positive linear relationships between input of soil K and content of soil readily available
K was also observed in all the fertilization treatments. The input of each 100 kg hm™ increased the content of
soil readily available K by 0.4 mg kg™, 0.5 mg kg™, 0.6 mg kg™' and 4.3 mg kg™ in Treatment CF, SCF,
PCF, and CCF, respectively. Compared to the increase in Treatment CF, that in the treatment amended
with organic material ( wheat straw, pig manure or cattle manure ) , that is, Treatment SCF, PCF and CCF
was 25%, 50% and 975% higher, respectively, which indicates that application of a proper rate of organic
material may improve soil K supply capacity in soils the same in input of extraneous K and soil K budgeting.
[ Conclusion] To sum up, application of organic material is an important practice regulating soil potassium
utilization. Long term application of organic manure, especially cattle manure in the study, may increase
crop potassium recovery rate and transformation rate of surplus soil K into readily available K. Therefore, the
application of animal-digested crop straw is a recommended practice to achieve stable and high crop yields in
fields of vertical under wheat-soybean cropping system in North China.
Key words Long-term fertilization; Organic amendments; Potassium recovery rate; Soil potassium

budget; Soil available potassium
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