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1.1 #HRXER

BRI SRS o & R A o e
BARFFHLAAL25 km (Y 5T 58 AL Bl 24 B B R
AR B R JEFE X7 N (43° 957 26"N,
87° 46' 45"E) , MIEMH A EHVEAML, Bl
ik, YeBE1/100 ~ 1/70, MR FE 600 m, Hi R K7
30 mPAR, kA RIACEER T KR T K, 4Rtk
HAE450 T m’ . HAFEFEKE310 mm, 7K H2 570
mm, EFHET.TC, FOF H IER2 594 h,
ToFEMI156 do ZHIXOE . EIEFE, & T2
M AER R . SR A K.
1.2 Rt

PR N IR L, EEEE T8 AREER,
K] & AL IERHR 56 13 T 19904F, FF7E19884FE—
19894EHEAT24E 20 . A HF)Z (0 ~20 cm) +
HEREARMER . ARG R15.2 ¢ kg™, 2%0.868
g kgfl, 417:0.667 g kgfl, 44119.8 g kgfl, el fi
A55.2 mg kg™', BALHE3.4 mg kg, BHERHI288
mg kg™, ZEXHI1 764 mg kg™, pH 8.1, CEC 16.2

emol kg™, HE1.25 g em™ . BHAE—F/EY, LIH
SEACER AR FOK L ANE IR RAE N — AR AE
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A (N) 5 A#F (NP) : AB (NK) ; B
BO(PK) ; ABEH (NPK) ; % B A B +%
AP (NPKM ) 5 595 %0 0540 + 1% 1A Hl
JE C1.5NPKM ) ; ZBEM (4/5) +F5FfFrad H
(NPKS) . /NX 1468 m®, ANi&EE, /NX[H
e 2R TU A 5 K AR VR 70 em, MR FR 10 em
s, EEe TiRKBIEHRSE . N, P, KIEIES
BIFHIRZ . WER 4k . = RIWE BT R A0 R LN
P05 : K,0=1:0.6 : 0.2; AHIENFEE, FHEN
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FIF 4 A YGRS 1 4R FE R S 5 TRk
1.3 #m¥EE
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MBS, K/NX R ST BB S, BRI
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Table 1  The fertilizer use amount of grey desert soil experiment (kg hm™)

AR Mineral fertilizer

T FF
A HLAEManure N P,0, K,0
Ab P Treatment Straw
Phosphorus pentoxide Potassium superoxide
Nitrogen
(thm™) (thm™) (kg hm™) (kg hm™) (kg hm™)
CK 0 0 0 0 0
N 0 0 241.5 0 0
NK 0 0 241.5 0 61.9
PK 0 0 0 138 61.9
NP 0 0 241.5 138 0
NPK 0 0 241.5 138 61.9
NPKS 0 45~9.0 216.7 116.6 52
NPKM 30 0 84.9 51.4 12.4
1.5NPKM 60 0 151.8 90.4 19
1.4 SAZE kg hm™,

RIS B R AR Tk B R A4 R R e
775 R o M 0 3t 0 o 5 B0 8 — DT VR AT . R
PRI . R NaOHIE Rl KDL s 7R
T mol L™ NH,0AciR#— kMot pEs: 197,

HEAR A E IR 07 % . H,80,-H,0,0H1k, k44
SRR HIEEIE S KRR 2R R K
B AEACHAERI T mol L' ASFRIZ4E 51 mol L7
LTRRIEZ 2 o SCHAERIN T mol L™ LR ER 41
EKEVER 2 225 AERR IR 0. 5 mol L' 4R
BRI 5K Z 2 5 FRERIEHE AT mol L7 2
TR e 4T 50.5 mol L' TR IR 2 248, &
FIHHF-HCIO & fh . £ 280 1R 3 W38 A0
FE A 0
1.5 HuEE

BT A DGR (RE ) o #7010 2 001 i
A BB G A A 2 L e
JE244F (1990—20134F ) By, HAKMitEy
IR

K= (fL M4 + 45 HLAE B3 R AT B + [ TR A0 + B
T8 - (fEYH B e ) |, b ay s
JK RN R ER M 2010—20134F A9 5E fH1.67 kg hm™
a”l, BT ZAETARICERIAES, Ir O EAR
FAF BRI UTRE MWK . /N M
FE ARG T 390K 345 kg hm ™, 45 kg hm>Hl 52.5

R A 2447 1y B AT A1 P 2 AR 40 1) B 2 iR i
B AR R LA

RE (%) = ( Jta4 b 380 4 Hh i — % e 4b 2 4
) x 100/8 4 A&
1.6 HIELE

SCIGBAE FHExcel, SPSS #EATAH 1T 07,
fd JHOrigin 8 5/

2 4 R

21 ==

Tk MAEFNZZ 244E B PR i R, NP
T A i I Ak B8R ) 7 e B R T A = 3 4 it A
AhEE . SNPKAINPAEL, NKAIPKALHLAY = i 3
BAR, UERA K A AR R T R, NP
NPK™= i I AR B EER (p>0.05) ,
VIR B+ AR B R (K1) o NPRINPKAF= i3
R ERIE KBS, SR TFNPRAFRHE, HE
KA /N [ = e 3R S S I . T A b B
o, Tt HLAR AL B A = i B e, 156 I 2 it
A Dt H 2 A ML BE e £k AE A B 58 B FAE Y P A
(380 . AN [] it HE Ak 2 ) A S R B0 (CV ) 2200 B
b, NPKSAb# £ K™ 54 5 ZEE /N, NPKM
F11.5NPKMAL AR AL R A 22 (9748 S R AU/ 5 T
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Fig. 1 Dynamic trends of maize, winter wheat, cotton and spring wheat in yield relative to fertilizer treatment

FHERDE, BT NPKSAEFIAL, Ay 14 it A 4k
HCVIER RN (F2) o PGS, I
S PO A LA A B 7= S (9 B AT o
2.2 EMIFRABETSWE
MR AT LLFE Y, #4540 1B KRR R
LA T4.9%0 ~ 5.6%0 2 0], &3 Wk-hi B0 £
RN T2.2%0 ~ 2. 7% 2 18], T KRN &R & it
T 2.7%0 ~3.5% Z 18], HfALKF L BR 2 5 &= A
T9%0 ~ 11.2%c 2 18] . A ALFEh, AN it 4 b 2
(CK. NFINP) W& &5 BN T s (p
<0.05) o BT, BR T 1.SNPKMALFF R
RIMEE I SRS, HARA IR & I AR L 5
BEERTE . A EOAPRLAR S i, R [R]Ah BH A AR A
SR, FKRFEFEIR SR T14%0 ~ 28.8%0,
REFEFFH R T BN T5.4%0 ~ 1.6%0, FEFEH
ET BN T9.8%0 ~ 14.3%, MM ESENT
16.6%0 ~ 25.2%0o AV ANTita 4 Ab A A1 40 1 i 3
e FHAAEE (p <0.05) , WG, BliEH
HUIEALFE ( NPKMATL.SNPKM ) BFS FFE0 & &

= T HABAE (p<0.05) .
2.3 fRFRYEEFNE W E

N4l LI 3 i 045 A B A
N AT E BT B, SR B A B0 2 S A
WA AR K255, it A0 Ak BRI it A AL AR s 2 A
FT A PR B2 g A BB, U H 1.5NPKMAINPKS
Ab B2 A4F Y AR R B A B4R BIA E14 464 kg hm ™
3 245 kg hm™, AS[a] b B A B0 2 i s 2t 77 7
Wi 25 5%, 1.5NPKMHINPKM A3 5 40 K b &
B, A mikEl4 732 kg hm™ F14 864 kg hm™?,
e FH MR (p<0.05) . NPK. NPKSHI
NPAC PR B R 2w T A b3, X
TR R Ry B U Y A B P A R A, BT DU
W B A A X o TR R A B T R
B, BRTNPKS 4b3ah, HAbJLT i A b3 9
MEMAN T, H5HENT267.9 kg hm?%
2 965.7 kg hm 2 [1], HAPNPRINPKMF 7 &L
i AN b EE (NKFIPK ) s A L
fEALFE (1.5NPKM ) RBLHHFREFZM 7 6. NPKS
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Table 2 Yields of maize, wheat and cotton and CV relative to fertilizer treatment

Qb3 FoK K T LiRid
Treatment Maize CV (%) Winter wheat  CV (%) Spring wheat  CV (%) Cotton CV (%)
(thm™) (thm™) (thm™) (thm™?)
CK 4.5¢ 33.1 1.2d 43 1.1b 73.8 1.6h 33
PK 5.8¢ 24.2 2.4¢ 30.9 2.0b 22.1 1.9h 11.4
N 6.4b 25.1 2.3¢ 29.7 2.1b 29.1 2.0b 29
NK 6.4b 22 2.5¢ 27.1 2.0b 12 2.1b 29.8
NP 7.8a 22.3 5.2a 23.8 3.8a 25.5 3.6a 31.3
NPK 7.9a 26.2 5.3a 23.9 3.3a 15.2 3.3a 38
NPKS 8.2a 17.8 4.8h 35.5 3.7a 30.4 3.7a 29.9
NPKM 8.5a 24.4 5.7a 20.4 4.2a 20.3 3.8a 25.6
1.5NPKM 8.6a 23.2 6.2a 21.2 3.9a 22.1 3.7a 24.2

TE: CVERRERRE, FoR AR AL b B =0 iy FE PR Ea e 1o AR AR 2E R 1L 210,05 i35 K F Note: CV stands for
coefficients of variance, indicating yield stability relative to fertilizer treatment. Different letters in the same column mean significant

difference between treatments at the 0.05 probability level

F3 FREMFFRAMFEFEHERE (1990—2013)

Table 3 The average potassium of grain and straw of different crops (1990—2013, g kgfl )

Ek KA T ik
Maize Winter wheat Spring wheat Cotton
b B
FFRL Grain  F5FF Straw FRL Grain - F5FF Straw FRL Grain 5 FF Straw FERL Grain  F5FF Straw
(gkg™) (gkg™) (gkg™) (gkg") (gkg™) (gkg") (gkg™) (gkg™)
CK 5.3b 14.1d 2.4h 5.4d 2.7¢ 9.8d 10.4b 16.6¢
N 5.0¢ 15.6d 2.2¢ 8.8¢ 3.1b 11.0¢ 10.8ab 17.7¢
NK 5.1c 17.1¢ 2.4b 9.0c 2.7¢ 13.8a 10.9ab 17.0c
PK 5.8a 19.5¢ 2.7a 6.1d 3.1b 10.6¢ 10.7ab 19.3h
NP 5.3b 16.6¢d 2.4h 9.1c 3.0b 11.2¢ 9.7¢ 17.4
NPK 4.9¢ 17.9¢ 2.7a 11.5a 3.0b 12.6b 9.0d 19.1b
NPKS 5.6a 18.1¢ 2.3b 9.4c 2.7¢ 12.1b 11.2a 17.9¢
NPKM 5.2b 25.85b 2.6a 10.5b 3.2ab 13.7a 9.1d 24 .3a
1.5NPKM 5.3b 28.8a 2.7a 11.6a 3.5a 14.3a 11.2a 25.2a

s AR 2 TR 50.050 K i % K- Note: Different letters in the same column mean significant difference between

treatments at the 0.05 probability level

WhE RPN A A, HARENT.3 kg hm ™2, 24 TEFRESHESE

AR F WA TR, NPKM Y # R WA N2 FR AT LLUF Y, 244F 22 J5 AN [ it A A 2 +
REE AR, KF181.2% . HYK AT SNPKMAINPK 3o & B 22 5 0 i, A it 40 FES A R+ 39 okt 3k 40
bR, Bk FI38.9% M25% . HAAEER IR S EARXTRAR, S84t AT A B - 3 SR B AR X
FIHENTT% 211 %2 (F£5) A, Horb g HLAE it Ak P A S5 A5 AU R
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£5 FRELEEENHAE (1990—2013)

Table 5 Apparent K recovery rate ( RE) relative to fertilizer treatment ( 1990—2013 )

B B A IR
AL FE Treatment
K input (kg hm™) K removal (kg hm™) RE (%)

CK 0 1416

N 0 2 200
NK 1486 2 343 10
PK 1486 2 367 11

NP 0 3014
NPK 1486 3380 25
NPKS 3197 3238 7
NPKM 2278 4 864 81
1.5NPKM 4416 4732 39

e PRI (%) = O s PR 4% B 8 — A b BAE Y HE I #T 5 ) x 10077 b B4 & . b NK AbBHXT
X IE S N: PK & CK; HAh4bHE S5 NP Note: Apparent K recovery rate for a specific treatment ( %) = ( K removal with crop in
treatments with K addition—K removal with crops in treatments without K addition ) x 100/ K applied in the treatment; Treatment NK

had treatment N for comparison, treatment PK had CK for comparison and the other treatments all had treatment NP for comparison

1200
o B y =45.1x - 49.71
s 1000 R=0618
g 800 |
% = i y=27.4x + 40.65
=) B 600 R*=10.58 >
e L 221x+ 157.5
= 400
> L
N g - v
I —= AV N
o L = . 1 f L . i i 1 f
1990 1995 2000 2005 2010 2015
—m— NPKM+ —O— NPKM —s— NPKS Yk Linear
...... 2k Linear 2tk Linear
500
= - y=-1.74x+171.6
2 400 y=120x+261.8 R>=0.055
%‘) L R*=0.005
=&
R 300 -
2 -
< |
= 200
z I vy s om. S SN N R an
0 - ©
. I . I . I . 1 . | i
1990 1995 2000 2005 2010 2015
—— NPK —O—NP 2P Linear  -------e-- 2k Linear
4E Year

P2 AT it A A B 25 4 B A2 b

Fig. 2 Annual variation of available K in the soil relative to fertilizer treatment
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FHABLFE (p<0.05) o

X L AN [] it A Ak 3 4 S 38 A 45 R R B
AN TF] it A AL B 0 B 22 BT i, HrP NP &b
M P &k, A8 T11.3 g kg™'c NPKS
MINK & S, 2E% 1716.9 ¢ kg 'AI16.5 ¢

kg™ HABERZIL ST, 1.SNPKMA fem i JE 38 e
PEAR S HE, K32 188 mg kg, W T H M Ak 3
(p<0.05) . NPKMFINPKtH 28 H %5 5 it 28 et
e R, 9k FI 816 mg kg Il 935 mg ke, A
HUAE R oAb 3 6% =11 W52 O 1 B0 R0 5 4 P 0 2 v T

kg™'c NPK. NPKMAIL.SNPKMAMFRH P8 &t fbb¥E (p <0.05) , 43910146.9 mg kg™, 144.4
X AR, 43 5IM15 g kg™ 15.1 g kg 'Fl115.3 ¢ mg kg F1119 mg kg ' 5123 mg kg™ ($£6) .
F6 KHEMBAEMRRELREERLEHRERLS (2013)
Table 6 The potassium forms of different treatments in the long-term experiment (2013 )
S SR ST
T e ety oty KR
Treatment Minmﬂ « able K absorbed K absorbed K ( mg Water S()hi}:le K achange f’le :
(gkg™) (mg k) (e k™) ) (mgkg™) (mgkg™)
CK 15.1¢ 1532d 17.0b 9.3d 73.3d 26.2¢
N 15.2¢ 1556d 27.7a 6.2d 82.4d 33.9¢
NK 16.5a 1 679¢ 18.4h -73.0f 209.7a -54.5d
PK 16.2h 1 320e 9.7¢ 24.3¢ 76.3d 34.0c
NP 11.3d 1519d 24.8a 3.3d 64.2de 28.1¢
NPK 15.0¢ 1935h 12.3be ~12.4e 161.2h 64.7h
NPKS 16.9a 1 489d 0.5d 69.7h 52.0e 70.2b
NPKM 15.1¢ 1816h ~21.4e 144.4a 136.9¢ 123.0a
1.5NPKM 15.3¢ 2 188a -27.9¢ 146.9a 212.7a 119.0a
3 ¥ TR R = LR RS, S ROGT R

TRE A 244 (1 IR RL 2 (7 FE AR IR B0, 45 b FEAY
2 A 0 R ) it A Ak B o
FAH AL B . SR, NG AL (NP)
f14) 77 ik 5 H Al 35 4 it A Ak BE O R SR B M I 5 S
B A A Ak B A ) 3 R ROR AN B I, 244F 1
AR AEAS G 1 Ah B ) - AR AR S AT T LR AR
Y BEA IR o X ENPKFINP - 38 it o 2004 &
i (E2) , ATRUE K P b 38 4 38 s
HH B E RS, M NPAL B R T R
JEW P, NPKS. NPKMAIT.SNPKM [ 3 &4 & =
LRME AT R, 3K LA A B G S A A
Bk A, AP it A ML AE Ak A o S5k e i
AT, Uit MUAE AT DL R 4 g sk
BRER SRITRS AR T A B A SR AT R F 5 AT 40 4
FE, AR SR A IR R W, X nT AR

VR B B B b W . SOA [ T R A ML AE Ak
R, A7 ALAE S R 7 B e ) R, A T R
B P I P AR R s BT FRATE AR S
EEEE " G Steinerds [ MRS AE AL, 1A
i P38 FH A X 4 M Sl 3k 4 B i A 4 TSR I AN
AR .

AR S0 S S ) TR AG A A iR
DU 5RO R R a3y e 2 — 22 2
AT ST O 25 R R, NKRTPK AL B A 4 398 8 5L A 5]
BPHPIRAS, FERFEIH BB O #, FEHT
XA BRAVEY) = ANy, A A B A AR
NPKSAb A8 -5 b F 2 AR, X 5820
BAH I, BVER R ABS GoE T R i T
NPAb 3L, HBR ) 7 S e K, 2 & NP
B = AR A S, VR A T RERER,
SMNEER ARG B R kb sE, T — A HR A R
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JR T . NPKAINPKM AL B f 47 4k 7 BUlR 2, Xt
HI4TH761.9 kg hm 8P 8RS B DL 2 8 9~ F
sk, HEEMA R ZHEFRE . KR EAE AL
WA AR S5 5, B 78 i it A0 2 o oK R Tl 2 Ak P4
[P sk T2 L MRS T LA T, NPAL R
FINPKARF TG BoKIAJE/INE , Hp T i )
Z5, M H RS X NPKA B
T, NPA B BE  HEAX BAR X TR AT
A HILAE 0P B ot Ak £ 7 A [ R St 3 K
B, T AT AL Ab 38 A 7 B AR G B, 3 1 B
A LR AT LA 35 4 v s AP i 7 i

A7t A AT S Ak A 1% 0 I SO0 1) ) >3 B o g
JE X F NPKM A 2 % B AT 3= 08 A1) F 2% 7T LA ik 3
81.2% . TMiINPKAINPKSALH )45 A A1) H R LA 25%
7% . V6 RAAG HLAC B i G 48 ] LLAS 217 9 0 v 5
W, T BRLE AR IE P T A R R AR, T
BT BARH R R . X TR AL A, AR
AR, F 2R TR BT 00 A oM DL SO T
ARG, MMEZ, FHA LI L EE AT LT K
BRI R R, BT R

AFGEEAEGHZIESEZREE . T
YRR E . NP W ER S i AR T O A Ak
(p <0.05) , ¢ HJFEH EZ R TR BRI
JE, MREET RS, RS SEIENNHE
FE, BRI Z 0 ) RO g, (A 4 g
Y FE e — N 00O e 1T . NPKSAL Y + 35 4 4
TR, FEEH TR BERZE, S5+t
BEAR RS B, T H NPKS A BE A B 2 A
FEm T HADA T, VEYT LN R A PR IUR 18
MIRR, BEAR T X HET- M AE. AR, BRT
NPKS ZbHfAN, NKHMPKALH K& Y8 & & 8 &
FHAbABE, X EZHFEY B8, W&
AR5 20 DA KB A A 3 A RAR T X6 380 B 11
THFE. A P HE L R AR S PR AR . K
AP T AL R, X R T A
HUR & BT, T2 R RREL R, I
AT BRI RGN A5 GRAIE T #F )2 4
BRI i

4 45 g

244F WY A IR RS, NPAR BE Y 7 & I
R FREAR, KRB TREEARESH, &

B RK B EN, AR BN EZ,
YEW . A TALER T NPKSZ AL, HAR A3
P BT O ()RR 0 g i, U B i
B LB — AR . A ERE T, NPKMAI
1.5SNPKMAL R A B AE A Fedme i, 00 WA it A HILIE
b BT LA R T B ORI IR . Ak, A b
b, FCREA HUAE AL B + AR AL S AR, R
3 FE AL 3 A 0 P B 5 e U I Bt A LA B
RS FT A AR BE AT LR TR R A AR . R
M2, R0 HKEE A F A AR it 2 % A g i — >
A B JRTHT AR AT T S A T S fin oA A il
FHEE, 344 it AT v B it A ATLAE S R AR S e L
P FIE AR, EAHER
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Potassium Balance and Use Efficiency in Grey Desert Soil under Continuous
Wheat-maize-cotton Crop Rotation System

WANG Xihe' LU Jinling® LIU Hua''
(1 Institute of Soil and Fertilizer, Xinjiang Academy of Agricultural Science, Urumgqi 830091, China )

(2 Institute of Plant Nutrition and Resource Environment, Henan Academy of Agricultural Sciences, Zhengzhou 450002, China )

Abstract Effects of long-term fertilization on balance, forms and use efficiency of potassium
in oasis grey desert soil under a typical crop rotation system as affected by fertilization treatment were
studied in an arid area. The long term fertilization experiment was designed to have 9 treatments, i.e., CK

( No fertilization ) , N, NP, NK, PK, NPK, NPKS ( NPK plus straw ) , NPKM ( NPK plus organic
manure ) and 1.5NPKM ( 1.5 folds of NPKM ) . Results show that the balanced fertilizer treatments were
much higher than the unbalanced fertilizer treatments in yield ( except the NP) . However, Treatment NP
was an exception, and did not differ much from the balanced fertilizer treatments in yield (p>0.05) ,
indicating that the grey desert soil is not in deficit of potassium. Budgeting of soil potassium revealed that
only Treatment NPKS was gaining in K, while all the others were losing, with K deficit reaching as high
as 268 ~2 996kg hm™". Among all the K treatments, Treatments NPKM and 1.5NPKM were the highest in
apparent use efficiency of K, reaching up to 81.2% and 38.9%, respectively, much higher than all the others

(p<0.05) , indicating that addition of manure may improve potassium use efficiency. After the long-term
fertilization experiment, potassium varied significantly in form in all the treatments. Treatments NPKM and
1.5NPKM were much higher than all the other treatments (p <0.05) in non-exchangeable K, non-specific
absorbable K, water soluble K and exchangeable K, demonstrating the importance of addition of organic
manure or straw to NPK in maintaining potassium fertility in grey desert soil. In short, the conventional
fertilization method fails to meet K demand of the crops, leading to growing K deficiency in farmlands of grey
desert soil. More attention should be given to application of more potassium fertilizer or addition of organic
manure or incorporation of crop straw in the farmlands of grey desert soil.

Key words Long-term fertilization; Potassium balance; Potassium utilization rate; Potassium forms;

Cropland of grey desert soil
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