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20.50% A5 A A E N 15.09% 8 K %] 34.73% 2R ENEF MM KZH M T EMEEH N 1.20 g-keg ™' 1K E
0.49 g kg™ ' AL 74.60% AR E] 44.77% , 2 B F W B T FE a4 28 B N3k I 9 30 % 1 soAE Xt A 2 By A
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9E WA MNE AN EAG SAMWK Y EEEH, LP a8k CECEANRN AL LMRTE KT &AL,
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Assessment and analysis of early dynamic changes of cropland soil
quality in Yanghuang irrigated area in Ningxia

QU Wen-jie, SONG Nai-ping, YANG Xin-guo
( State key Laboratory Breeding Base of Land Degradation and Ecological Restoration in
North-western China , Yinchuan , Ningxia 750021, China)

Abstract: This research was implemented to acknowledge thoroughly the early dynamics, characteristics and driving
processes of soil quality in Yanghuang irrigation oasis farmland of northwest China, searching for a proper way in compre-
hensively assessing the soil quality and providing a theoretical basis for the healthy and sustainable utilization of soil in
the irrigated area. The soil quality index method was employed using soil quality evaluation index system including 12
direct variables and three indirect variables. Our research showed that within 0 ~ 9 years, the trends of different soil vari-
ables varied, including soil organic carbon (from 1.42 g-kg ' to 4.48 g-kg™ '), active organic carbon (from 0.31
g kg™ 101.00 g-kg™"), cation exchange capacity (from 4.30 cmolkg™' to 7.65 cmol-kg™'), calcium and phospho-
rus ratio (from 4.13 to 12.46), silt (from 10.32% to 20.50% ) and clay content (from 15.09% to 34.73% ). All
these variables displayed an increasing tendency. However, total soluble salt (from 1.20 g-kg™'100.49 g-kg™!), sand
(from 74.60% to 44.77% ) tended to become declined sharply, while other variables were relatively stable or fluctuat-
ed. A Principal component analysis had classified 12 variables into two main groups as the soil fertility and the soil ion
environment. Based on this, soil quality indexes changes showed a typical S — shaped curve pattern within 0 ~ 9 years,
among which the dynamics of phosphorus ratio, CEC, total organic carbon and the changes of soil quality were mostly
similar.

Keywords: Soil quality change; Comprehensive assessment; Yellow River irrigation area; Oasis farmland
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1.1 HREHR

THLAFEEREX AT 1998 4, & T &
B TR 2.67 x 10* hi? , Horp oK FPAE 1.0 x 10*
h? o 38 DX HLAL T B P T Rl R R X, EE X
SR L IR 1L R A L Rz ) A A K
A KT B o AR S VA 1 240 ~ 1450 mo
ST 2 F IR KA AR £, - LR AR+
SHET o X ZAEF B FEK R 250 mm, HH 7—9
AR G 2FEREKER 50% ~ 62% . 2411
JK IR 78 % 18 2 325 mm,

1.2 HEigE SEEERE

IURE A 20 S R BOGRBAN , BRI oK |
MIFCSFEY) o FoRM 1 AR 4 K 56 1 K (RUE)3 A
LA 2 k4 A ), 58 37Kk 6 H 20 HiilJa, 25 4
K8 A 15 HAS . EAR—KHEK 1500 o’ - hm™2,
1 AFHEAE 2 YK, 4F A & & 750 kg-hm™* JRE 150 kg
shm ™2, AEWSEERA . —BIE T, ELFf 2~3
FEF KT BITER 1~ 2 ERBE T H 364,

2012 4F 7 A pfy, e PR A DR AL b 78
AT M3 A AR T i i b B, BEHLE ¢
FIFEAERR A 3.6 4FEA1 9 4F F i, AT V0 37 st (1)
FHAEBRIALGE A 0 4F ) A%t HE, #4 pORE LA 2R o X B AR
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P R s SO & i oY 1 Y = o5 R ) o g N 11
FEHAE N R, M N4 S"IE 5 SR AEILHL O ~
40 em BHEZIR A HIERES .

1.3 TEREBFNERERSHTITER X
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AT RIS, BT 12 AR AR A 3 4[]
AR W BTN FE PR AR R o SO T B g T i

EFRIITESCLE S THEBALUNR 5 A ALK (LOC,
gkg™ 1) A HLRK (SOC, g+ kg™ ') . % (AP, mg-
kg™ !) (FHE T 385 (CEC, cmol - kg ™) VB BR 5 ( Ca-
COs, g kg™") .pH A (pH) .43 (TS, g kg™ ") L ELARSE
(TB,g kg™ ") AWML F L (SAR) P RL(Sand, % ) L
(Silt, %) . Ki L ( Clay, %) ; 1 3 ¥y B o M 45 4K
(St), T3 Pl E PEHE £ (Se) , 4585 kb (Ca/P,
10%),

REMEFEEN BARRT, B, i 1 mm i,
FiK A b 501 e - 2R, DI 45 Fh R B Ik
Jig 1200 e R R MR B TR E R R AR B TR F XU 7R
FR — oI S 7 5 A FNEE ] EDTA 3 5 2% 88 5 H
KIGFEFETFEM A o T3 46, EHENUBR A R F W 4
TN M LR S R B B R AR Ak - A
ok 52 s B AL B HLIKk (LOC) & = R A 333
mmol » L™ ! 5 4 R B 4801k 1250 7 5 CEC SR FH 2R M -
KHEIEEE D 5 pHAE SR FH LA 5 5 4 R0 SR FH K TR
R - BRI . IR S

SO B B LG e AR R A 1
A WUBR RS E PEFE B S0 L TR A o S

SR (TB, g kg™!) = [ €052~ | + [HCO; ™ ]

BN B L (SAR) = [Na* 1/[(Ca®* + MZ* )/
2]1/2

IR E TR B2 (St) = SOC x 1.724 x
100/(Silt + Clay)
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B BPRLARORL & R R B RF S KRR Ry o R
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A R . pH EAE 0 ~ 9 4F [ AR 558, &
S BRESE AR BTE 0 ~ 6 AE AR FFFE (BTE 6 ~
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Table 1  Dynamics of soil organic carbon, phosphorus and comprehensive indexes

HEBR/a LOC S0OC

AP CEC

Year /(gkg™) /(gkg™) Se /(mg-kg™") /(cmol-kg™") Carp St
0 0.31a 1.42a 4.67a 8.02a 4.30a 4.13x10%a 96.39a
3 0.54b 1.48a 2.78b 5.21b 5.79b 7.08 x 10°b 85.04a
6 0.52b 2.51b 4.82a 10.78¢ 7.09¢ 7.93x 10°b 82.55a
9 1.00c 4.48¢ 4.50a 7.87a 7.65¢ 12.46 x 10°c 140.35b

AR NG TR R — i AR AR 2257 235 (P <0.05). T

Note: Different lowercase letters represent that the same index was significantly different between different years ( P <0.05). The same below.

®2 TEUESUFERNHTE
Table 2 Dynamics of soil physical and chemical indexes

CaCO TS TB Si ¢
HEBR/a aCO; oH N SAR Sand Silt Clay
/(gkg™")

Year /(g kg™") /(g'kg™") /% /% /%
0 32.20a 9.06a 1.20a 0.18a 0.60a 74.60a 15.09a 10.32a
3 36.82a 9.10a 1.07ab 0.36b 1.57b 69.76b 16.96a 13.28a
6 85.21b 8.98a 0.70ab 0.26¢ 0.64a 47.39¢ 32.03b 20.57b
9 97.98¢ 8.93a 0.49b 0.32d 0.34a 4.77c 34.73b 20.50b

B —FE BRI 15 B w5 B T #A B2, DA 15 MR R
BRI S PR AR E M PR ES ac e A W E AT
VPR SR Ry SR i SR A H AR AR
HEMHEXRR,

B, Lk 5 ANFE BRI Y person 4 B AH 270 #T
SRR, SEEL S HAb 4 MEFRE R E (P <
0.05) Btk .2 (P <0.01)H ¢, CEC 5 SMh 2 3%
TR (r= - 0.615, P <0.05) , HoA 46 b ] B AH G
PEIFARZE(P>0.05), 58 L AERE X L 1 5

AL AT BEELA B ARG AR R R

Hok ik as SRR i AR L AN (R D) B
JEAEHELL 0 ~ 9 4E[A] Y 4.13 B THE 12. 46, H ik
201.7% ,fHJEFE 3 ~ 6 4 (Al 12 55 F1 A 4%l 3 By
BevE R R A AR 1L, A5 B L 4E R AE 7.08 ~ 7.93 Z [,
PRFFHIXSRRE (P > 0.05) ;0 ~ 3 AF A4 LU 1) 1. 3%
B A R R B (B0 35.0%, P < 0.05) it &£
LT 6 ~ 9 A )G Al H 1) S 2 1R ) h A RO Y R
G (B 27%, P < 0.05) FAK BR 55 (1) b T+ (3% 1
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15.0%, P <0.05) L [F4H#ES), CEC Fr R K&
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] 2% S HRIA B E K (P <0.05), I HRE &M
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A SR
2.2 RATFEERNERD T

ANELFEEGHE L | A LR AR 1 e B
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80.8% . W% 3 PR, 8 — F Ao F % i kR 55
(0.987) JBrkL(0.978) HWRL( - 0.974) (BH 25 15 4
1(0.923) LEVA BLAK (0.905) KK (0.891) T A
PLER(0.815) it Eh (= 0.801) 4 A, 25 45 S e 1+ 38

AOCRAE HEAE A ZE vhBE 2R I8 ) B B AR AR, 2
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Table 3 Coefficient matrix on principal components

T4 Component

F5FR Index

1 2
LOC 0.815 0.412
SoC 0.905 0.107
AP 0.487 -0.758
CEC 0.923 0.296
CaCO; 0.987 -0.035
pH -0.508 0.329
TS -0.801 0.110
TB 0.294 0.895
SAR -0.523 0.641
Sand -0.974 0.004
Silt 0.978 -0.062
Clay 0.891 0.102

2.3 TEREFUNEEITMN

4 R R, X 12 S B AR R AL
OSSR o A R/MFR , CEC > CaCO; > Silt >
SOC~=LOC> Clay >0.5>TB > AP > 0 > SAR > pH >
—0.4 > TS > Sand; XFRLEE RIEATT 545 A A=
7 S S A A v B B R /NS T 1l

R4 BEMENZERE

Table 4  Comprehensive weights of each index

F8HR Index LOC SOC AP CEC CaCOs

pH TS B SAR Sand Silt Clay

A IE Weight 0.585 0.585 0.166 0.631 0.611

-0.257

-0.481 0.347 -0.21 -0.608 0.6 0.576

BT 12 AR S AR S A KN, X 0
~ 9 AF[A] 4 8 BT AR BB A LA B, 45 R AR W
(%5),0~9 4[] HHEFT R 5O/l 3. 12 B #)
15.56, 2iH¥IE L 398.7% , (45 B B a3+ A
x5 TERESEHWHEZL
Table 5 Dynamic changes of soil quality index

AERR/a ¥fH brifE 22 F/ME wRME
Year Mean Std. deviation Minimum Maximum
0 3.12a 0.39 2.71 3.53
3 5.14b 1.19 3.89 6.24
6 11.55¢ 1.23 10.59 12.94
9 15.56d 0.47 15.14 16.06

Hob 0~ 348 IR N 67.4% ,3 ~ 6 AEIIE163.6% ,6
~ 9 FEHGIE 34.7% o TSP R ECE I LAY Y
S HUHAK k8 5 (y = 0. 4968x> + 1.889x + 0. 392,
R*=0.9768),

3 Wit 5E4ie

P SR o ) B BB b S R R A 5%
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