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[ 5% K 1 8 g 5 08 250 W 0 sk 7 B g 1
BAFHLIAL25 km BB g8 R B2 Be “EH K
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87° 46’ 45"E) , MIEMH A EHVEM, BEdL
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30 mPAF, KA RILALEEMF KM T K, 4EHK
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mm, B IRT.7C, Y H EATER2 594 h,
TAEWI156 do X, EFEFE, ET2H
M ARE AR | SR A K.
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B IR, EEEF A R R
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E—1989FEH AT 24E 2 . S EHF)Z (0~ 20
em) HHEEAMER: AHLRS RS2 g kg, 24
0.868 g kg™, &Wi0.667 g kg™', &#19.8 g kg’

AR ASS5.2 mg kg, 3.4 mg kg, SEAH
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KBTI — At . AL o . P F140%
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TR ) B AR BT AR AR Z

R AL ™=t NS P AL, AR AR W 2 PR AE
M, K/NX R ST RIS, EEANRE S R
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Table 1 The fertilizer use amount of grey desert soil experiment (kg hm™)

W AREL Mineral fertilizer

F& T
A HLAEManure . N P,05 K,0
Ab P Treatment Straw
Phosphorus pentoxide Potassium superoxide
Urea
(thm™) (thm™) (kg hm™) (kg hm™) (kghm™)
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 4.5~9.0 216.7 116.6 52
NPKM 30 0 84.9 51.4 12.4
1.5NPKM 60 0 151.8 90.4 19
1.4 SHAE kg hm™,

RIS B R AR Tk B R A4 PR R LI
77 5 MR R Wl ) 1 1 g8 — T il AT . I
BRI . B NaOHAR fl K MO vk 5
U 1 mol L™ NH,OACIR#—JE e 1),

T AR A IR 7 . H,S0,-H,0,0 1k, k14
JEEEINAR . HIEEIR SR KRR 2R IR K
Bt JEACHMER AT mol L7 A RIZEE 51 mol L
LTRER TR Z 2 0 SRR N T mol L7 L RELIZ 4R
SoKIEER 2 255 JERRIRI AR M0, 5 mol L' 4R
PR 5K Z 25 FRERIHHH AT mol L' &
PR AR 50.5 mol L' ZMRBEIRZ IR Z 218 4
BHHF-HCIO MG il . £ 24T 1182 32 1 35 F K Ha
FEE 0
1.5 HuEAE

PP A A ELCR (RE ) o B A 38 00
AR S E Y A 2 Y e R
24 a (19904F—20134F ) &, HARKITE N
BN

K= ( fEREHF + A AUAE 535 F FF B0 + [ 19 2 + Fh
TH) — (fEWHh L) , 2N i i
IR AN TR B0 R 2010—20134EAG I E (5 1.67 kg hm™
a”l, BT ZATARUCERETAES, BT EA
F 2428 IR TORE SHEWE AT BME . /NEE L AL AN
FARAE RS H 345 kg hm™>, 45 kg hm > Hl 52.5

R 2445 1 P AE 52 FH] ARV 200 ) 0 2R AR
PR 1 A AR A

RE (% ) = (7t 4 &b AR 5 H 4 - X B 4b 2
) x 100/80 88 A it
1.6 HEALE

SLIEPE F Excel, Spass #EATAHRGT 0T,
i HOrigin 8 (A .

2 4 R

21 ==

Fok . MAERUNE24 a7 R BoR, NP
TS G4y it S Ak 38 7 o 2 v T At = ) e vt S
AbEE . SNPKAINPAI L, NKAIPKALH )= i i 3%
BAR, GO A A 2RIt R, NP5
NPKf=® MR ERE B EZER (p>0.05) ,
VLR AR B ZE (1) . NPHINPK =y
B RFERIRKBESE, R TFNPKAF R, HE
KA /N - we G KB AT . BT A b3
B FUAE AL 35 A 7 G R SR R, 15 B 4 i it
A Dt H= A ML AL BE e £k AE A B 58 A B FAEY) - &
3TN . AS TRt AE b B A8 S+ R 8 (CV) 2251 B
i, NPNSAb# £ K™ 542 5 ZEE /N, NPKM
F1.5NPKMA FRAR A6 F1 A 22 19748 5 R Eidme /N s Tt
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Fig. 1 Dynamic trends of maize, winter wheat, cotton and spring wheat in yield relative to fertilizer treatment

THEFRDL, BT NPKSAFIAL,  H Ay ¥ 1 it A 4k
FCVIER RN (£2) o BTG S, I
2 T it A AL ES A = ) e R e
2.2 EMIIFRAFETSWE
3T LA A AL B R OR R R R
FHRIEFEAN T4.9%0 ~ 5.6%0 2 0], £ 3 W kFHi 47
RO BNT2.2% ~2.7% 2 0], HEHHES
WA TF2.7%0 ~ 3.5%Z [0, HACAF R R & =
T 9% ~ 11.2%Z 0] . A4S, it B0 Ak 33
(CK. NFINP) M98 2 & & 1 35 I T it 40 b 22
(p<0.05) . AT, BT 1.5NPKM
b HRORF R B R BRSO R A, HoR kbR
MRESEIFALABIEEARNF . MRS
w, ARAHEMEFAEERHE, R
A ESHN T 14%0 ~ 28.8%0, & H T4
EO BN T5.4%0 ~1.6%, BEBHHES &
MNT9.8% ~14.3%, MLEBITFHRERSENT
16.6%0 ~ 25.2%0 o Ho ATt 4 Ak B AR FF 75 1 1 0 3%
T HABLI (p <0.05) , HfEET, FtiA

HUIEALFE ( NPKMAIT.SNPKM ) BYFE AR & & 0 E
T HEHABLAEE (p<0.05) .
2.3 HRWTEFE YK E

AP AT LU, 3 2 45 b B 2R Y
N AT M, 455 & AN [R) b BE A B 25
N AR 22 5, it 490 Ak LR Tt A LA
TR B R A ARG, JLIL 1. SNPKMAI
NPKSAb P24 aff 1 25 i A 43035 514 464 kg hm™
M3 245 kg hm ™, /N [F) Ab B f%) 0 28 i o Bt A7 1
B4 25 5, 1.5NPKMAINPKMAb S ft 4 25 1Y i 0
W, k#4732 kg hm™ Fil4 864 kg hm™, 3%
T HAAL ! (p<0.05) o NPK. NPKSFINPALLHE
MR R T A AL P, X R
B U I A B R A X R L T DA A R
AR o T R A A S R, R T
NPKS AbFEAL, Hofth JLF T4 b #1236 80 40 2 i A
FITH AR, HAP R 07 BLE N F267.9 kg hm &
2 965.7 kg hm 2], HPNPHINPKMAY 7 Bt &t
JUHBA & AN A A ( NKAIPK ) Al 2
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Table 2 Yields of maize, wheat and cotton and CV relative to fertilizer treatment

b ¥R ESPS &% B Likia
Treatment Maize CV (%)  Winter wheat CV (%) Spring wheat  CV (%) Cotton CV (%)
(thm™) (t hm-*) (t hm-*) (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: CVERREFRE, FRARMAC AL P i i E PR e T . AR TR 22 53k 20,05 AR 1 2 /KK
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

R3 FEMEMFTRAMFEFFHEEE (1990—2013)

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

Ek KA T FRAE
Maize Winter wheat Spring wheat Cotton
SOSL
FERL Grain  F5FF Straw FKL Grain  F5FF Straw FFRL Grain  FEFF Straw FRL Grain  F5FF Straw
(gkg")  (gkg') (gkg™) (gkg™) (gkg™)  (gkeg") (gkg")  (gkg")
CK 5.3b 14.1d 2.4b 5.4d 2.7¢ 9.8d 10.4b 16.6¢
N 5.0¢c 15.6d 2.2¢ 8.8¢c 3.1b 11.0¢ 10.8ab 17.7¢
NK 5.1¢ 17.1c 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 19.3b
NP 5.3b 16.6¢d 2.4b 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 18.1c 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

: ANETFRER R 22 75 500.0509 K K F

Note: Different letters in the same column mean significant difference between treatments at the 0.05 probability level

AHACAEFE (1.5NPKM ) RIHBHRBMOAFE 25%. HAGHBHHMNHEARN TT1%2E11%2Z
fif o NPKSAHERI P& &, HERENNT.3 (%£5) .

ke hm™. MWEWIRI R WA FHHE KA, NPKM 2.4 TEARESHS

AT v BRI R A0 ‘k§U81.2%0 Hx Ml’%lzclnﬂuﬁﬁh, 24 aZ J& A [R) it AT Ak 2 4
J31.SNPKMAINPKAL B, K0l 50 35 $138.9% F1 e A & 22 BB 2, At B A A B - 49 o 2
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Table 5 Apparent K recovery rate ( RE ) relative to fertilizer treatment ( 1990—2013 )

PR B GIESVRIIEES
Kb FE Treatment
K input (kg hm™) K removal (kg hm™) RE (%)

CK 0 1416

N 0 2200
NK 1486 2 343 10
PK 1486 2367 11

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

T FFRMAIIR (%) = ( TSP BVEY #5875 — A AL SEAE S L B4R ) x 10071240 S BT+ . vl NKC AR BRI 18 %o
W N: PK b CK; HABALEEN 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

1500
—; 1200 b YT 58.3?1.\' +174.4 _1'=3j'i.?4.\' + 184.0
ot R'=0.681 R*=0.6091
=E 900Ff : .o
= N et
2 600 F K N
= s "2 AN /7 TV =1536x+179.9
E 300t Q- UL,
- A A A
0 L L L L L 1 L L L 1 L 1 L 1
D DD DD D ST I R N R Y
\d_d NN \c\q ",QQ "‘@ "9@’ "\59 v ,,/QQ r\/Q ,.‘S? AIQ ns? -'\55\ N r\()\
A Year
—4— | 5NPKM ==-0--- NPKM —AN— NPKS
— R4k linear = = 24 lincar — 4k linear
600
v=-1.515x +297.6 y=-4896x + 185.0
500 g .
R =0.0047 R =02441

R
Available-k (mg kg™)

H & > & & b dF O LD
FPFLHHFEFEES &S
L v L v v L v L v L v L
i Year
— W NPK —O— NP —— %k lincar = = £k linear NP
NPK

K2 A [R] it A Ak B o R 4F P2 AL

Fig. 2 Annual variation of available K in the soil relative to fertilizer treatment
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Pyt AT A, XA A i IS A B A A X
B, oA HLAE B i A B - 9 A R B
T HAALLFE (p<0.05) .

X AS [ S b B 3 I X LR B, KT
Jita JE Ah 3 B ) B0 i 22 0 W S, L NP AR Y
WE Ak, B T11.3 g kg's NPKSHINK
TREE, AR T16.9 ¢ kg F16.5 g kg,
NPK. NPKMAHI1.5NPKMAb B {4 1y B 2 42k AH X

BAK, 4315 g kgt 15.1 g kg ' FI15.3 g kg
HALS RIE ST, 1.5NPKMA & & B9 52 e
P&, JA32 188 mg kg™', WL T HAb ab B

(p<0.05) . NPKMMINPKH 3B &5 v 1 28
PEER SR, 239K E1 816 mg kg ' FlIT 935 mg kg ™'.

A HLAE 7 Ak 26 = 05 R A R S S T R 2
FHAUAE (p <0.05) , 53iH146.9 mg kg™ .
144.4 mg kg ' 119 mg kg ' 5123 mg kg™ (£6) .

F6 KHEMEARKEL TRERLBHEERS (2013)

Table 6 The potassium forms of different treatments in the long-term experiment (2013 )

R e TR [ 41 AR I B4R
b3 A Non-exchange Specifically Non-specifically AHRHER SARFER
Treatment Minerall K able K absorbed K absorbed K (mg Water solu}l)le K Exchange af)le K
(gkg') (mg kg™ (mg ke™) ke (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 1679¢ 18.4b -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 28.1c
NPK 15¢ 1 935b 12.3be -12.4e 161.2b 64.7b
NPKS 16.9a 1 489d 0.5d 69.7b 52.0e 70.2b
NPKM 15.1¢ 1 816b -21.4e 144.4a 136.9¢ 123.0a
1.5SNPKM 15.3¢ 2 188a -27.9e 146.9a 212.7a 119.0a
3 F HT T RE AT BB 2 L RS, B R e

JRIEA24 aff ek E (7 Ae MR IR SR, 45 b B Y 7=
2B D o U YA A it A Ak B Y R T
AR AE AL PR, SR, R AREE (NP) /Y
7 i At 49 A i Ak B R B I B A 25 5
U T IE A BT VE P A 3 PR ROR AN, 24 alife
VAN i B A A B ) = HEAS A0 5 AT Tl DLGREE Y
B BLAEP TSR . X HENPK TN P+ 338 it 8 85 40 & 12
(E2) , ATLAFE M3 A Ak 2y Sl A 5 1
YA T A, NP Ak B ) o R R
B, NPKS. NPKMAHI1.5NPKM ) 8 &40 7 2k
PEOHT AN, 3 LA Ak A 9 O o R A h
K, H it A7 A LA A B %) sl 0 B 5 ek
SR S, U G AT LA T DA S 3 T A s A
B o SRR FT A FH AL B SR A KR B R FE AR Ah
Fr, SR U A iR W, XA AR

Hh Bl VR P B Btk TR 0 ik AN ] G A HLAE Ak
PR, A ML SR 5 T B S (R S B, A PT RE
S IS () B AR T FRATTAAF SR A R S 5
HEE " G Steiner® U HBFSR LS LML VLIRS
FFIR FH Ab 386 F 4 1 o R0ER 5 & 19 S T ROR IR
il

A F S5 TA 4) 7 HRR  A H3EA JtR
BRI 355 73K T & SR RS iz — 2 2
AW IS B, NKAIPKAL B £ e 80 5 A 5|
KPR, JERFRIE M B P, EEHT
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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.SNPKM 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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