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Effect of long-term straw returning on form and spatial
distribution of potassium in agricultural soil

LI Xiu-shuang,SHI Jiang-lan, WANG Shu-juan, TTAN Xiao-hong

(College of Natural Resources and Environment . Northwest A& F University . Key Laboratory of Plant Nutrient and the

Agri-environment in Northwest China Ministry of Agriculture ,Yangling . Shaanxi 712100, China)

Abstract: [Objective) This study evaluated the effect of long-term straw returning on form and spatial
distribution (stratification) of potassium in agricultural soil. [Method] Soil samples were collected from
soil in winter wheat-summer maize rotation field with 13-year straw returning in Guanzhong Plain, and
vineyard soil nearby was used as control. Changes in readily available K and its three components (water
soluble K, non-specifically adsorptive K,and specifically adsorptive K) ,non-exchangeable K, mineral K and
total K in different layers (0—5,5—15,and 15—30 cm) were investigated and stratification ratio and corre-
lation between different K forms were analyzed. [Results] All components of soil readily available K were
significantly increased in 0—5 cm soil layer in the grain field soil after 13-years straw returning. However,
readily available K contents at 5—15 and 15— 30 cm soil layers were lower than that of vineyard soil. Strat-
ification ratios of readily available K and its components in grain field soil were higher than in vineyard

soil. Compared with vineyard soil, the content of non-exchangeable K in grain field soil decreased. The con-
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tents of mineral K and total K were similar in grain field soil and vineyard soil. Readily available K had sig-

nificant or extremely significant correlation with its components,non exchangeable K and total K, but had

no significant correlation with mineral K in grain field soil. Readily available K in vineyard soil had ex-

tremely significant correlation with its components and non-exchangeable K, but no significant correlation

with mineral K and total K. [Conclusion) Straw returning was preferable to maintain the significant corre-

lation between components with total available K in soil and coordinate the contents and spatial distribution

of soil K in different forms. But it had no significant effect on the content and spatial distribution of soil

mineral K and total K.

Key words: straw returning;soil potassium;potassium form;spatial distribution of potassium
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1.1 REXERREHEEEEDE

SR M AL T BV A G b DU AR BB T e T I
B X B LR A I s Y X, % X U B A
P Bt P 2 XA X, AR BT B 543 mm, 4F
¥R 13.6 CLAF H A%k 2 277 h, JoaE M 219 d.
THEON B ERR A F A (R R EHEA
Rt RHEFMOME A AR R RO
B 1.2 g/cm’,pH 7. 9, LK 16. 8 g/kg, &%
1.04 g/kg, #H AW 28. 2 mg/kg.,

P R E VI A R I RAEIX S E A 2 Fh
TR T R R AN K AR AR
il (B4 - o5 — S DU 35 2 o £ K R R
7R 2 ERAEMR R M TN 2 RO I P 35 3 e
JEAE 4 N 180 ~ 240 kg/hm’. P,O, 150 ~ 180
kg/hm®, b5 F/NA A= K g 9, i T W il KH, PO, 24
1.5 kg/hm* [ JRE 2 7.5 kg/hm® , LI4& & TR0 T &
F oK Fh A B 4 N 200 ~ 250 kg/hm?, P,0O; 90 ~
120 kg/hm* , J i 4= 50l I &5 & 48 P — WMl A
38 N 1999 AF FF f 42 T HEAT RS A AR H AR
BERMENCA IBENFHF2ELH L., RIE
M) 3~5 AFETRAS 1 IR GIREE N 25 em, HAR N
AR BEE 9 12 em, HABRE K A 2545 W
() 45 3 8y e B2 o o ) LA R 1k

] 4 el R A BK 2R — R A T A AL S 2 24
75 000 kg/hm?®, 3f 45 & i A& 5 R AL 750 ~1 500
kg/hm® , 55 43 5 4 28 10 R AL LR S B e 3
i F 46 N > 300 kg/hm®, P,O; > 550 kg/hm?*,
K,0>600 kg/hm*, 5[ H N £7 76 F5 #3415 7
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THERE RN R T 2012 4F 6 ] 8—9 H AT (fE
YK R . Fhk 3 D EAR T EED
Bt S OFF 1: E109°30" (N34°41") B 451 88 R
R 2:E109°27" \N34°44") R R 34 54 (1 75 5C A R 3
E109°30" \N34°42") . F A & L B0 1 ¢ FH B e 5 A4
T3 MG 3T A 5 A 7 el F B R X RE AR S H e
BEMLEEHL 5 FE RURE 1R B FER 2 0~5,
5~15,15~30 cm 3 > £ 2. RAE5E 5 ¥ R — 4k
FUL TRl — R 5 A s R R R G A T A
SR . S EHAXT B 1 mm 5 T
RO BAS TR 25 40 2 e D0 7 5 8 20 BAE 0 0. 15
mm §ii T 00 8 405 &
L3 MEMBSA

4 1 (Readily available K, RAK) & H# A 1
mol/L NH, OAc 242 AT E . 28 (To-
tal K, TK) & & H] NaOH #5 fili- JCH 6B THE D & .

FIEASHN 5 0 8 K58 T Uk Ry s K R
(Water soluble K, WSK) = & 18 /K i& $2 47 ; JF k5 ik
W Fft 48 ( Non-specifically absorptive K, NSAK) =
0.5 mol/L T MR B = 4 B — ZK ¥ P B 5 8 5K WL i 44
(Specifically absorptive K,SAK) =1 mol/L B &
AR B — TR B R B R A 22 H M P (Non-ex-
changeable K, NEK) =1 mol/L iR iF#41 — 1

®1 FAEAELHAAFXTELELERE

mol/L B 232 $E 847 5 ) 81 (Structural K, SK) =
P —HIRIZ A . BR A AR IR HE A A R A

b A DN E AR IR R 20 25°C L W AR BT & L
910 1R AR WP A5 A5 B0 R OR A K O B

TH6410 A I E
1.4 BULEEMITHE

+ B Z Ak [k & (Stratification ratio, SR) & 1 15
R)Z25IKZE LERIEE M . AR 2% w5 A
G B 2 A AR B HE & 0 TS SR R Oy
T, 75 3 + 8 49 )2 1k 1 2R (Soil potassium stratifica-
tion ratio) , 32 B HOR A B4 2R 10 J2 A0 A0 T g 4R I
S SRR E T R 2RI HEA 6, AR
HEFEMTE :SR1:0~5em + 25 5~15 cm + )2
TIEBIE SR EEMWILE;SR2:0~5 em 1 )25
15~30 cm + /= AL SRR SR,
1.5 #HiEaE

I B R LSD 2 B g /)N 8 25 22 B0 3
DPS v7. 05 %l g8 it 1 4F 47 22 5 W E MR 0
Excel 2007 &5 {4 [®]

2 HR50H
2.1 FRALHHAAXTLAERAELHEE
AT M 2 4% £ N B %

ARILE L
RHHREMEE

Table 1 Contents of readily available K and total K in different soil layers under different land use patterns

b5, T2/ cm A/ (mg - kg™!) RAK 2/(g - kg™ TK
Site Soil depth # M Grain field W% Vineyard # M Grain field & Vineyard
0~5 285.5 a 248.3 a 22.0 a 20.6 a
F1 i
Village 1 5~15 162.9 b 164.9 b 20.8 a 21.6 a
15~30 100.4 ¢ 72.9 ¢ 21.0 a 21.8 a
0~5 215.3 a 166.4 a 21.5 a 21.2 a
k2 . . 5 4
Village 2 5~15 114.0 b 160.2 a 21.7 a 22.5a
15~30 72.5 ¢ 117.9 a 20.3 a 22.2 a
0~5 334.8 a 295.6 a 22.0 b 22.7 a
F 3 ;
Village 3 5~15 219.6 b 261.1 a 22.6 a 22.7 a
15~30 114.8 ¢ 216.5 b 21.9 b 21.9 a
) 0~5 278.6 a 236.8 a 21.8 a 21.5 a
HfA 5~15 165.5 b 195.4 a 21.7 a 22.3 a
Average
15~30 95.9 ¢ 135.8 b 21.1a 22.0 a

R BRI B 20 A s 3. TECAT . RIBIEHE G R AR /NG F B R RTE P<O0. 05 K F 2R EFH. TERM.
Note: Village 1. Diewu Village; Village 2. Zhaojia Village; Village 3. Xiguan Village. Different lowercase letters mean significant difference at

P<C0. 05. The same below.

F1ERRE T 0~5 em + 2 d s &
HE T 200 mg/kg. F-3¥ 2k 278. 6 mg/kg, HALHH
SRR, HTE 5~15,15~30 cm + )2, 1y ik
RO B AR BEAIG L 43 514 165, 5 R 95. 9 mg/kg,

5 0~5 cm 2 H LA I FEAR T 40. 6 %6 F1 65. 6%,
TR AR, 34 1R R R T S R
HO0~5ecm>5~15 cm>15~30 cm, HZE R 8 F.
1% el A v D R B RS )RR A, B SR 0~5 em
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F)E AR T A R R R T 41,8
mg/kg; HKAE 5~15,15~30 cm + J2 H, B S8R
V-2 Al KRR AR, 43 ) Ol 195, 4,135, 8
mg/ kg, HIHKFWHE L, 5 0~5 cm + ZHH 4
BIREAR T 17. 5% F 42. 7% , BEAR R BE 48 /N . AR BFSE
3 AR M O AR 25 5 ELEAR
FIRAT 3=>F 1K 2, A1 2 1] - 98 o el 4 A8
fEIEA S Z M) L B e T M e ) ) AR T 25 5+

MH 3 A2 h gl 20 3~
22.6 g/kg MHE 3N LEPEFEARNEFE (P>
0.05), 7 %4 [l 38 44 3 i AR 2R DL TR 45,
3SR AR 20.6~22. 7 g/kg, 5L H %
ZMAK 3L EEZEFBAEE,
2.2 AETHFAAFXTLEERSHEZSEM

IR

2.3 /M. 7E 0~5 em + 2, B H 1

KU T B T R TR R R AR B R B AR 3 RN R AT
P4k 70.6,72.9 f1135. 0 mg/kg:; 7E 5~15
A 15~30 e £ 2, DL B 3 MOB M & kA -
JEREERG I 2 FEE AL RHA K 0~5 em>5~15
em>15~30 cm, 7K ¥ PEBR AR Re R 0% B A A RE iR
W AR o B AE 3 A 1 2 LR 25 S . A A e
e 3 PR & B SR E T IEARL, BRT
0~5 cm + )72 %5 b + 18 3 PR B & &K
FHRE S ELR 2 2R . KT
PRE A R AR T R R R B A T3 B R A
3AEETHEH N 0~5 cm>5~15 cm>15~
30 em, BR TR 1, HAR 2 K A R 3 FOE
SHERAESTREREZRARE, HHIE 2R L
A LR 3 MO S A SRR I R
RAF 0 = Sl R ok I R > K s PR

®2 REALTEEERSHIHNSIHRER

Table 2 Distribution of different soil K forms in grain field soil
KV PERT L T [ 4 0% 0 BT/ A4/ RE:
Hi R em K fft%Tl 3F%W\”ﬁf9fj‘f’1‘/ ’Hﬂiﬂﬁﬁﬁﬂ‘ Ak 28 4 fiﬁ‘ f%ﬁi/l
Site Soil denth (mg « kg™ 1) (mg + kg™ b (mg + kg™ 1) (mg + kg™ 1) (g kg™ D)
- h I WSK NSAK SAK NEK SK
0~5 65.3 a 69.3 a 151.0 a 1142.9 a 20.6 a
*T ! 5~15 25.6 b 27.4 b 109.9 b 1010.7b 19.7 a
Village 1
15~30 13.1¢ 9.1¢c 78.2 ¢ 944.1 ¢ 20.0 a
0~5 48.8 a 49.3 a 117.2 a 1254.8 a 20.0 a
)HZ 5~15 20.4 b 13.4 b 80.3 b 1166.3 a 20.4 a
Village 2
15~30 9.3 ¢ 6.4 b 56.8 ¢ 1095.1b 19.1 a
0~5 97.7 a 100.2 a 136.9 a 1245.8 a 20.4 ¢
Viﬁigjeg 5~15 49.2 b 44.7 b 125.7 a 1154.4 a 21.1a
15~30 25.0b 9.9 ¢ 79.9 b 1106.2 a 20.6 b
0~5 70.6 a 72.9 a 135.0 a 1214.5 a 20.3 a
91 5~15 31.7b 28.5 b 105.3 b 1110.5 ab 20.4 a
Average
15~30 15.8 b 8.4 ¢ 71.7 ¢ 1048.4 b 19.9 a
k3 FEHELTEEEEHENSARR
Table 3 Distribution of different soil K forms in vineyard soil
- 4 R Bk I oA/ TR I 4/ A8 g A RIL
S R/ em KW f’#@ﬁl/ EIXER7S X(Kﬁr‘? LER 7S &W’fﬁ? E[= x?ﬁ%f’*—tﬁ?/ }L%?EF/]
. . (mg + kg™ 1) (mg + kg™ D) (mg + kg™ 1) (mg * kg™ 1) (g kg )
Site Soil depth
WSK NSAK SAK NEK SK
0~5 83.5 a 76.8 a 87.9 a 1148.6 a 19.2 a
*T ! 5~15 35.6 b 43.1b 86.2 a 1046.0 a 20.4 a
Village 1
15~30 11.0 ¢ 9.9 ¢ 52.0b 932.6 b 20.8 a
0~5 25.6 a 41.2 a 99.6 a 1267.9 a 19.7 a
i 2 - i . a
Village 2 5~15 22.7 a 34.2 a 103.4 a 1201.2 a 21.1a
15~30 12.7 a 16.5 a 88.7 a 1297.9 a 20.8 a
0~5 72.9 a 90.2 a 132.5 a 1470.2 a 20.9 a
“ 3 5~15 59.8 a 72.1 a 129.3 a 1453.3 a 20.9 a
Village 3
15~30 46.1 a 49.6 a 120.8 a 1460.7 a 20.2 a
0~5 60.7 a 69.4 a 106.7 a 1295.6 a 19.9 a
Hf 5~15 39.3 b 49.8 b 106.3 a 1233.5a 20.8 a
Average
15~30 23.3 b 25.3 b 87.2 a 1230.4 a 20.6 a

HIZE 2 FIEE 3 dB AT AR I R e AR e e v B BRRE D AR s AR S MR B 0 B R AE 3 A LR IR

AR 3 LR 944, 1~1 254. 8 mg/kg. i 1E it

WK 0~5 ecm>5~15 cm>15~30 cm, 7% +
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Frh AR sc e A A e AR 3 A L2 A
TN O~5 em>5~15 ecm>15~30 cm, FH 3
DR AR A B M S R SR TR A . R
FH g bl - AR A e v B i R R
B A A E R A . R 3T AR S o 19, 1~
21.1 g/kg FE 3N LR EREARN G, AR -
AT R SR 2K, BAEA R
ZRUARE,
2.3 AEATHFAARXNTLIESESHENLILE
M1 ] UL, ke 4 s SR1,SR2 SE#{F
AR 1.7 #12.9, H SR1 B B /NT SR2, i %4 el
e SRR SR1,.SR2 SEBI{E 45 1.2 FiL 1.7,
SRI<CSR2.{H = F ML TR H -5, 3 AR HE L
9 SRR 2 Ak 3R e IR X 38— , (H R 25 ] 4 R
1 ACHN SR1.SR2 ¥ T4 2 Mk 3. M IH 44
PP SR1,.SR2 ¥7E 1. 0 2247 P 1. 0, 0% &

T e 1330, 97,0. 98) ,SR1 5 SR2 & AR K,

P A 2 T] D0 HR S A 3 AL o b AR R
PR B4R SR1,SR2 P31 5 55 . 43 1k 2.6 F18. 6,
FER I B 45 SR1,SR2 {8 Fe fI%, 430 1. 4 F1
2.7, H SRI {H{#/NT SR2, 5K H AL, %
Al R 3 b AL 41 7 SR1.SR2 {H B B 5%
ik, H SR1<CSR2, 2 Fp -4 SR1.SR2 ¥ Gk %
B A A R R W B > K I B > R R B
Ab o3 AR 3 3 B AL 41 43 1% SR1,SR2
R AR X 35—, 6 7 4 ] - e R ORE 1 7K T A R lE
BRWZ BB SR1,SR2 Al 4 B 8 & T HoAth 2 4

i & 2 38 AT, R H A 3 E 5S4 SR1.SR2
B350 ARG, E B 1. 0~1. 2, H SR1 {8 w&
JNT SR2: 5 448 SR1.SR2 {3 7E 1. 0 /£ 47, SR1
5 SR2 fHHEA — B, 247 e+ 59 A2 e 1k R A AT
Pr4f SR1.SR2 {74516 5 He B+ e 5L AR AH A .

4.0 o 401 o WA Village 1:BH2 Village 2:0K3 Village 3
Wif1 Village 1042 Village 2: 043 Village 3
3.0t T 3.0}
) o
& 20} g 20l
i o
R 2
) m I_H ) '_H m
0 1 ] )| ] 1
SR1 | SR2 SR1 | SR2 0 SR1 |
A RAK A8 TK JE B RAK é@? TK
BT ORI CA) I 4 Bl (B 4 38 o 5 K 2 24k L R
Fig. 1 Stratification ratios of readily available K and total K in grain field (A) and vineyard (B) soil
] 12.01
12.0p B _—
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i ;E; x!}}ageii 00 o2 Viuage 2;
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SR W E b R

Fig. 2 Stratification ratios of different potassium forms in grain field (A) and vineyard (B) soil
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1 4 75 Hh SRR 8 rp A 5 LA 4 2 OK

VAP AR SR A S 0 R R A RS D Y 1 22 T 2 A

B2 IE AR (r=0. 75~0. 96) 5 2 e M 40 [ 5 45
TR I s B 2 1] AR DG PR 35 (r=0. 25) 4b , 5 R A
P&/ Si i RN | LR 7R PSS RPN N L
Py 855 B 25 4 03 LA R AR S R 1 22 1) AH S 2
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F4 MELTHEEYNARSESHOEXSH
Table 4 Correlation of readily available K and other forms K in grain field soil
£ AL A K 537 3T GRS 3R Al 28 4t ke ot
Index RAK WSK NSAK SAK NEK SK TK
A RAK 1 0.96" % 0.96"* 0.90"* 0.43" 0. 39 0.55" "
KIS WSK 1 0.94** 0.76** 0.48* 0.35 0.52"
AEHEIR W BT NSAK 1 0.75** 0.49~ 0.32 0.49~
TR B SAK 1 0.25 0. 41 0.50"
JE s k4 NEK 1 0.33 0.53"
B SK 1 0.97**
441 TK 1

TE e ox s % PRI AR MR IS 1 35 (P<C0. 05) B K (P<<0. 01) . T,

Note: * and * * mean significant difference at P<C0. 05 and P<C0. 01, respectively. The same below.

5 Mo A 4 Pel P BRAE SRR B K
PEBR 2 ) AH SC AR IR B4 2 2K F (r=0. 37) 8k,
S A A B LA A 3 22 ] A S A 3 TE A

K (r=0.48~0.74) ; B 55 W 8P 2 0] 2 A% 3%
A (r=0. 96) b, 5 HERCHP B H A 4143 LA 38 ek
BRAH PRI AN B

RS BEELIEERHRERSHENEXSH

Table 5 Correlation of readily available K and other forms K in vineyard soil

£ A TRV ERERML R R I B 4 I 38 4 1k 4 oY gl
Index RAK WSK NSAK SAK NEK SK TK
WA RAK 1 0.93%* 0.98* 0.81* " 0.57* " 0.12 0. 34
K PEE WSK 1 0.95"” 0.54" " 0.37" 0.13 0. 30
A R Bk W 4 NSAK 1 0.70* * 0.48* * 0.13 0.33
H kI T SAK 1 0.74%* 0.06 0.28
ez k4 NEK 1 —0.08 0.18
4 SK 1 0.96"*
441 TK 1
3 1w BREENR R W 225, AMEMRENHR A, — K

Fili FF 38 H X A 3 SR 4 RBL s & A K&
il FEFFEH AT DI S BN m A
BLTE K - S A1 3R A A 1 1 o 2% DDA G, T
AEK S BT AR AR 7 T R R A TR ) K T RN H
6 I FE XTI 7 4 S8 3 A5 8 R AR AR A W 45 21 IE
I N S hEE Sl RIS I E RS Y
il b S bl LA R 1 0~5 em 12
HAAH S R 41,8 me/kgs HAE 5 em £ )R
PLTR o A A 3 v S 008 25 T e i 2 05 84
o AVABS TR A . R H TR IFE AR
FH Ji5 o A% FH 2% A AL 5 R - 458 AT 2R R 85 i 14 o, T
T B 2 RGP W B A7 L [ B 3R 4 W B 22 R AT
PR IR Z R A Rm R E . A R
FH 52 o 45 80 0 7 8 K e MR AR 2R B9 W Wi A P i
TR R R I RE R R

ARG, T 2 Fh g b e A U . 5
AR R 185 A bl AR LR P 3 v Al S 4
PESR & A2 12 Th A AR, T e DL S 4

REfE HE HF J= A S 2B 3R e Al S A Y B
A2 AR S b A A A b A L
T2 09 1 DA R B /D DR Al 5 v 0 R B
HEAh A T T = 0 b i 3 R A 1 L R AR R T
gy JUHAR 2 AN IEURE S0 56 38 w8y o SR 7 Al 2 4 v
(A AP AL RN Ui AR ST R A X L
Py d s R R 93 %0 Ze Ay A DR RE i AR
M8 ARE S HAE A m 80 K AP 56 & L N T S
S R R L MR

TSR B R RIE AR RS
TEFZARESRGE P+ B8, APTEINN. -
Hem  RUZ AL HE AR AT RE AT RUAE g b S T b 2R A
A DR LS L M S A R FR AR L R A
ORI — M A PR AP e R FR BB 2 25 1F T &
IR PR OR S Bz o PUOBFAE RS A A
Yy BRI Bl LK R Wi A HE A A ALK 43 a3 . AT 5 i
T HEFR IR oA . DA R AN IR AC KL B B A S BR AR
Tl EE A RS /S 0 A E K
PRI ARG T o 22 5 K 0TS AT L B 5 LR
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