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Fig. 1  Crop biomass in different types of soil under ryegrass-rice rotation
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Fig. 2 Crop K uptake in different types of soil under ryegrass-rice rotation
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Fig. 3 Dynamics of water soluble K in different types of soil under ryegrass-rice rotation
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Fig. 4 Dynamics of exchangeable K in different types of soil under ryegrass-rice rotation
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Fig. 5 Dynamics of non-exchangeable K in different types of soil under ryegrass-rice rotation



174 + bt

¥

50 &

AR T OKREZE) , 45 L HE NP AL NPK Ak B 19
R AL & A BT X AT e T AR Y
it P LA % il JBE T e 42 R T o M 2 B g A 52
AP RYFAL , Bl KRS AR B9 BEAT , SO BRI R
e, AT BE 5 1 40 2% W W A R B P A G

3 i ®

PR R KRR S, 3 Bl 4 S8 9 fE B e
AR, AN AT, £ BRI GE ) 0T R
Wt > WA > 20 A R S R EAL T RE
R R A > ) > 2 s Ul R RUR ]
HALEPRE ) A 2 5, A0 A Z it A 45 25 52 i)
TR AR GE S, XT3 Fh R SRR E AT L &
EREEY R EY R, R E R BAR
R E AR R E, X SRR R —
B3 Rl A AR R R 22 5 BT R
EESEMm L > L, By Xz mlf 25,
IR (AAE) 1Yt 41 3 7 ORI T K RS 2 (K
T8, X 540 7R VR Y b B 7= i Ak 1 52 22 i IR I
WA o fF A B 7 0 A W A9 L il b B0 AR AE /B
R R o A A B K AR S TN B R
A, - A B B T B AR 0 el oA 3O AR A AR
W b i e AR A B Ho, R
Wt s b A R R W R
AR BD | 7 0 T A 3 A B, S L N AP, P
DTG 480 8 77 2 SR A A o PRI, 7 K R A A T A
JIEL 3t 0 [ s, AR 4 4 AR B 1 R SR AT IR
(1) G B4 BE , DT 3R A5 fe A4 7 RN o

HANEEAEIY], NPK b B A £ 9 0 40 4 55 NP 4k
FHR L S 3 00 . T DATE S B A 7 v o SR A
KRR I, A 88 it JH 260 A, 370 8 it 40, X R A
RETH R AEPI AT B0 2R 0 75 5K, OF HLOR 35 8 19 77 43 oF
eSS PR L (EB IR R R, 75 )
SEMAEY R EFL RN, FHHETEMNR
B o MWFFESE AL T LU, B2 B0 0 4 2% 1 7 oK
SRR AR R, AE SRR ) B AR B R A R, B
R 1 1) 52 o 5 22 S0 it AR . e P 0 S 5
M) - EBR 2R 0 10 A1 IR R R 2 — | 3 5 5 7 AR A +
SR 2 W B B KRR AR & T, NPK
Ab B Y SR R T NP AL B it A RE R
AR 1A B A S 5 &, s AR SR A, B
M Ay, % AT F Al HA IR I X

TIEKIE B Z E 0] UM B 4L, O b T —

NEZSHTAR R b 6 TR B0 A k) i
IEASESAE S e RN (/R E S 3 &I
B A VP B R B e A B Il B e R A
1 W R S A (K A R A e ) 1 e B R
VB, A S92 A W S 0 R B e
SRR S AR Py Wl 3 R b A RO A
3 A8 AL A A R B Oy, A R R s . R
AR AT RIS 3 Fh b 4 0 K v PR L 38 e
SRR 32 v AP RS 0 B b A T 8 R R,
HC 2T 22 A T B R AIG R £ U 4T
2P S0 XV B 9 T R B A, AR b R ik
B2 B0 IR B 2, AW b A g
2 Pk 0 VR B4 TR R . R S AE R L3 R
SR 2% FPOE 2 B0 B AL B A BT R R, IR R G
A LG A — A A W, — B4 B
B 180 5 , pl T S e S v B A O A R — S R
IR T 5 A7 5, X 0 B B R B i 0 R TR i
J o A B R A A A, B R B A A
A, B0 RS 7] 398 08 B0 04 45 45 e R TR, BLAE B
X 22 11 Wi i s R R AR 56 R 4 0 4%
RSB LA T B RIE, B
52 B2 K RS 25 19 4% - 60 28 A R E R IR,
WA 77 2 CRAE RV AR ) X -+ 4% I 25 80 2 il i
e A W R

M-k AU F-% A el IR
A0 Kk, AT 7 R Ay R, —
5 S HERE KT S BRI, TR AR AL e £
R [ TE 2580 2 1 B A A% 4L . Luebs 255
TR 52 22 W1, 4% B W) S 2 100 3 - 47 T 8 b B0 T LA R
A S 4 Pt T L84 58 Hhe v B 3 b T B e
B 540 280 AR G PR E T b, HL A
BFSE W], A ERE i i XUT Ak 20 X - 398 52 3 P 4
B AR R R0 SR Y - 2
P ROR O B o VP AN K A 1E R MBS A
Fe A2 E WS 00— A o S, o ) i G R A
B2 AR A TR — B

K ESE AR SR 0 4 8 E RS AT DA A 4
e i b Wy, iR R R s L R
B EE L RE BUN B A 4T
R - 10 50 22 25 A8 AL R TR, B 3 S )y 38 H 4t
e 7 K 0 AR R D AR R . PRI, A Of 87 i i
LAEAEY -3 PR 2 D9 000 B 45 1) B F F 5, 5005 R
[5] - 458 (10 130 9 A g S 0 AR 5 G A AP R A bt P
R0 % 1, 5 38 AL 0 10 43 L 0 B ) 5 R R



34

o BN 45 K R FE AR S TR R ] 2 A e S B R ) S B R S SR AR AT 175

JEE Mt il R A8 2 B R D R R 22 B Al R A
FIR 14 9 5 R 4% B KT RE B 28 T AR

4 45

TR KRR AR AR, 3 i Y {1 B g
ANTR], NP Ak B 45 - e LR RE T3 0 S i+ > B
> £13E NPK &b B A 4% 1 A B0 68 5 7 S 546
o> > LU it B TR & R RUK R A
PRRCR T RUA AR e R p R OK o BN R
SO L I o JE0D/ S8 é S Nk S 2 T | S £
P sh SR A A Y 22 S, IR A E T R AR A
2% RN AR B, KT P B0 S A R R
WA, I b T AR S B A A4 B, U8 S 3 bt 0
AR AACHR P BT S J8 P 0 R A A2 e 1 B i e
AR X R R G 21 A S H R B IR AR
Z, HAE L A L p AR S B S R R R Z . i
BUACPETS , K e 0 R 52 e P 0 R O L OF
li A S B AR A1 7 1) 2 Ak, i TR 4 WSO - S A R
AR E SR IR e DRSS RS
0 T AR HE AT T A R A

£ % X B

[ 1] EWZ. KFRE-M =5 AR B IO R AR -1 e R R B R )
BEAHETE. BB A rpeRolk K24 BEIR 5 PR 8 24 B, 2010,
Wang Y Y. Study on the effect of potassium and the dynamic
change of potassium in rice-rapeseed rotation system ( In Chi-
nese). Wuhan: College of Resources and Environment, Hua-
zhong Agricultural University, 2010

[ 2] Ponnamperurna F N. The chemistry of submerged soils. Adv
Agron, 1972, 24:29—96

[3] feWDE, T&ae, WAL, 4. B89 7 76 0 4 o B R IR
B RIS . A A TR, 2003, 12(1) : 115—118. Xiong
M B, Lei X Z, Tian Y B, et al. Research progress of K * adsor-
bing-desorbing kinetics in soils (In Chinese). Ecology and Envi-
ronment, 2003, 12(1): 115—118

(4] Wi, AR, 3E R M etk +
¢, 1999, 31(5) ; 244—254. Xie J C, Zhou J M. Advance of
soil potassium research and K fertilizer application (In Chinese).
Soils, 1999, 31(5) : 244—254

[5] FWZ, &a0#, Mo, % WA A A4 285 XK R
ROR KA AR P sE. L 4E, 2010, 42(3) : 473—478.
Wang Y Y, LuJ W, Xiao R Y, et al. Study on effects of potassi-
um (K) fertilizer on rice and K balance of paddy fields in differ-
ent types of ecoregions of Hubei Province (In Chinese). Soils,
2010, 42(3) : 473—478

[ 6] Mipt, SILL5E, HOGHR. B AN R 40 IE X5 L S8 81 6% e 16 A
A BT R S LB PRI S TR/ AR ORI, SR AR . A

[7]

[11]

[12]

[13]

[14]

[15]

[16]

BRSO W R g k. dbat: Al AL, 2008
309—316. Zheng S Z, Hu H Q, Zhuang G Q. Advance in re-
search on mechanisms of potassium transformation and plant a-
vailability under different potash fertilizer application in soil (In
Chinese) //Li B G, Zhang F S. Soil science and sustainable de-
velopment of agriculture. Beijing: China Agriculture Press,
2008 ; 309—316

BEAE, BT, KRR, . EM T AR b AL
WPk i B AR R I BCR . YRR, 2012, 38(3) .
1—9. LiZ T, Chen E Y, Zhang M L, et al. Effect of potassium
application methods on antioxidant enzyme activities, yield and
potassium use efficiency of cotton (In Chinese). Acta Agronomi-
ca Sinica, 2012, 38(3): 1—9

Sparks D L. Potassium dynamics in soils//Stewart B A. Advances
in soil science. New York: Springer Verlage New York Inc, 1987
1—63

WS, BE P ER. BRI A, 2000, Xie
J C. Potassium and Chinese agriculture (In Chinese). Nanjing:
Hohai University Press, 2000

L. Al A B Bl g o BAS TR 2K R R A RE g
Fe.o AR MARRW K ZR: 5 TR B, 2011, Han
7. K" uptake kinetics of grape rootstock and potassium supplying
capability of different soils types (In Chinese). Shandong: Col-
lege of Horticulture Science and Engineering, Shangdong Agricul-
tural University, 2011

BE M, M2, S, & K IWHE 2 KRS K R
o B R FOR DL RO R L R W 3R SR 24T, 2009,
15(6) : 1372—1379. Liao Y L, Zheng S X, Lu Y H, et al.
Effects of long-term K fertilization on rice yield and soil K status
in reddish paddy soil (In Chinese). Plant Nutrition and Fertilizer
Science, 2009, 15(6): 1372—1379

TR, BB, THE, % ERHIERMEMREED
AL R AL, LT AR R, 2003 (4) 13,
Lei Y Z, Qiu W W, Wang X Z, et al. Effect of application of K
fer-tilizer on maize yield and soil potassium status in long-term
stationary experiment (In Chinese). Liaoning Agricultural Sci-
ence, 2003(4): 1—3

(R [/ S| AN 2 0 A =R ) e | L R S [ v
2000. Northwestern Agricultural University. Research methods of
agricultural chemistry (In Chinese). Beijing: China Agriculture
Press, 2000

A, R b, dust. B Ol R A, 2000, Bao
S D. Soil and agricultural chemistry analysis (In Chinese). Bei-
jing: China Agriculture Press, 2000

SREESC, I EL, SRR FEE AT T R ) Y R B A v
Ja e AT R e AR, 1994, 31(1) : 42—48. Shi ]
W, Bao S D, Shi R H. Release of soil interlayer potassium under
depletion condition and soil potassium fixation after depletion (In
Chinese) . Acta Pedologica Sinica, 1994, 31(1): 42—48
R0 RS KRR 7 e B R B P R ARSI L P R 2 2
M H SRR ML, 2002, 25(3): 263—264. Li W G. The
effects of K fertilization on rice yield and its component factors

(In Chinese). Journal of Shanxi University: Natural Science E-



176 + E 50 %

dition, 2002, 25(3) : 263—264 [24] 2ff, BT, LM KW g s s sem. 10,

(17] Efhle, @608, SR, & BI85 g R o 1 8L 2011, 43 (3): 336—342. Gong W, Yan X Y, Wang J Y.
NS FRE AR ISR S MW E 5 SR A4, 2011, 17(5) : Effect of long-term fertilization on soil fertility ( In Chinese ).
1058—1065. Wang W N, Lu J W, Lu M X, et al. Effects of Soils, 2011, 43(3) : 336—342
potassium fertilizer and potassium use efficiency on early-mid-and [25] ZRAKE, BRE. FER K H L+ 0 R0 E e k=2 m
late-season rice in Hubei Province, China (In Chinese). Plant K&, -4, 1993, 25(2) . 64—671. Zhu Y G, Luo J X. Po-
Nutrition and Fertilizer Science, 2011, 17(5) : 1058—1065 tassium fixation and affecting factors of different soils in south

(18] Mok, Rakts, BB, 5. #ILHE M & 5 LB Iy Ak China (In Chinese). Soils, 1993, 25(2): 64—671
WRIR I BOKRE ™ BB G & L EALRE, 2003 (2): 21—23. [26] ZE/hoh, Ba08, ALK, . WhSEKRERE TRX 54K
Liu J L, Song J J, Zhou B M, et al. Relation of applying potassi- X LT sgEvhk Al + A Z AL B 78+ HE2# 4R, 2010, 47(3) .
am quantity with soil fereility and plant nutrition and rice outpot 508—514. LiX K, LuJ W, Wu L S, et al. Dynamics of potas-
(In Chinese). Soils and Fertilizers, 2003(2) : 21—23 sium in root-zone and non-root-zone red paddy soil under rape-

[19] &6ls, BRBY, XA, % it K Ex s E R ERM seed-rice rotation (In Chinese). Acta Pedologica Sinica, 2010,
TR RS . WL el B4, 2001 (4) ;0 49—51. Lu ] 47(3): 508—514
W, Chen F, Liu D B, et al. Potassium fertilizer on rape hiomass [27] RARK, ©4kis, EAS, . KWIEH M /NE R AT 8 1 X e
accumulation and seed yield (In Chinese). Hubei Agricultural 7 LY + S [E AP RE s e P E RO BR2#, 2010, 43(10) .
Sciences, 2001 (4) : 49—51 2072—2079. Tan D S, Jin J Y, Huang S W, et al. Effect of

[20] Zhang H M, Yang X Y, He X H, et al. Effect of long-term po- long-term application of K fertilizer and wheat straw to soil on po-
tassium fertilization on crop yield and potassium efficiency and tassium fixation capacity of selected soils from northern China (In
balance under wheat-maize rotation in China. Pedosphere, 2011, Chinese ). Scientia Agricultura Sinica, 2010, 43 (10 ):
21(2) :154—163 2072—2079

[21]  FH, B/, BHEE0, 5. DA TR M0 A0 T B # S (28] /i, EoUHE, AR, % RS F T L0 K RS £
X A F i . 24, 2012, 49(1) : 319—330. Wang MRS AR X 4 A R AR AE. i@ 4, 2009, 40(6) -
Y, LiX K, LiYY, et al. Responses of direct-seeding rapeseed 1371—1375. Li X K, Lu J W, Zhou LL F, et al. Variation char-
to fertilization in fields of red soil different in fertility (In Chi- acteristics of potassium in root zone and non-root zone of red pad-
nese). Acta Pedologica Sinica, 2012, 49(1) . 121—129 dy soils with different planting pattern ( In Chinese ). Chinese

[22] TR, &60%, SWA, 5. /KI5 S B0R &A1 Journal of Soil Science, 2009, 40(6) : 1371—1375
BT —— LA A ). LSRR, 2012, 49(2) : 319— [29] MAHFR, Z5/Nof, 005, T e 2 5% 0 i 52 m (R 3 R H AT
330. Wang W N, LuJ W, Lu M X, et al. Status quo and varia- k. el R2E2E, 2007, 26(6) : 907—913. Cong
tion of soil fertility in paddy field—A case study of Hubei Prov- R H, Li X K, LuJ W. Advances inresearch on influence factors
ince (In Chinese). Acta Pedologica Sinica, 2012, 49 (2): of soil potassium transformation (In Chinese). Journal of Hua-
319—330 zhong Agricultural University, 2007, 26(6) : 907—913

(23] Z/hp, EO0H, 2300, 5. IR Fhae-TR 2w A 1R il oh e [30] Luebs R E, Stanford G, Scott A D. Relation of available potassi-
it X L P e R SR W B s . Ol Rl 2, 2007, 24(7) . um to soil moisture. Soil Science Society of America Journal,
72—75. Li X K, LuJ W, Li W X, et al. Effect of different po- 1956, 20 45—50
tassium fertilizers on the yield and nutrients uptake of sudangrass- [31] Large R L. The fixation and release of native and applied potassi-

ryegrass rotate crop system (In Chinese). Pratacultural Science,

2007, 24(7): 72—7175

um from soil as affected by drying, chopping, and mineralogy.

Columbus,OH: The Ohio State University, 1970

POTASSIUM SUPPLY CAPACITY OF AND POTASSIUM DYNAMICS IN DIFFERENT
TYPES OF SOILS UNDER PADDY RICE-RYEGRASS ROTATION

Abstract

Zhan Liping' Li Xiaokun'?" Lu Jianwei'’

(1 College of Resources and Environment, Huazhong Agricultural University, Wuhan
(2 Key Laboratory of Arable Land Conservation ( Middle and Lower Reaches of Yangtse River) , Ministry of Agriculture, Wuhan
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Wang Jin'  Wang Zheng' Liao Zhiwen'
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A pot experiment was carried out using different types of soils to study their potassium (K) supply capaci-

ties and K dynamics under a ryegrass-rice rotation system, with a view to providing scientific basis for the research on

mechanism of soil supplying K and reasonable K control. Results show that both aboveground biomass and K uptake of the

crops in the group without K treatment ( NP) were the highest in fluvo-aquic soil (FS), which was followed by yellow cin-
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namon soil ( YCS) , then red soil (RS), while in the group with K, fertilization, no significant difference (P >0.05) be-
tween the soils was observed in aboveground biomass and a decreasing order of YCS > FS > RS was in terms of K uptake.
Treatment NPK was 55.6% , 45.2% and 23.2% higher than treatment NP for red soil, yellow cinnamon soil and fluvo-
aquic soil, respectively, in biomass and 368.8% , 166. 8% and 74.5% , higher, respectively in K uptake. In the
ryegrass growth season, the concentrations of water soluble K and exchangeable K in treatment NP decreased in all the
soils. The concentration of non-exchangeable K decreased significantly in fluvo-aquic, but remained almost unchanged in
the early season, rose in the middle season and dropped in the late season in yellow cinnamon soil and red soil. Soil K was
much higher in treatment NPK than in treatment NP, but varied in a similar pattern in all the three soils, regardless of
treatments and K forms. During the rice growing period, in treatment NP, water soluble K in all the soils did not change
much soil exchangeable K declined first and then rose, but non-exchangeable K showed a reverse trend, while in treatment
NPK, soil exchangeable K rose significantly in the early, and declined in the middle and then turned slightly back again
in the late period, whereas soil water soluble K and non-exchangeable K showed a rising and then falling trend. To sum
up, In treatment NP, K consumption was higher in all the soils and in all the periods of the rotation, thus decreasing both
soil water soluble K and exchangeable K and in turn triggering release of non-exchangeable K. Application of K fertilizer
increases the concentrations of water soluble K and exchangeable K and the ratio of K transformed into non-exchangeable
K, thus effectively improving K supply capacity of the soil, and eventually increasing the yield of ryegrass and rice signifi-
cantly.

Key words Potassium supply capacity; Red soil; Yellow cinnamon soil; Fluvo-aquic soil; Ryegrass; Rice
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