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Fig 1 Geographical locations of the profiles
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Table 1 Soil forming environment of the studied soils
) T ) T 1 £ S 4 /ﬁﬁﬁ Hu it 83518
Profile No. Profile location Longitude Latitude Ele(zv;t;on Terrain Parent material
1 B HIOCH R KA 106°34'45.0"E 38°54'17.5"N 1093 WELEE R
Xinghuo Village, Chengguan Alluvial Irrigation
Township, Pingluo Country plain sediment
2 B P R A 106°23'20.9"E 38°35'16.8"N 1102 RGP FERESAR
Wuxing Village, XigangTownship, Alluvial Irrigation
Helan Country plain sediment
3 T e T A BV T R IB T 106°06'43.9"E 37°57'32.4"N 1127 PR BEIR A
Dingjiawanzi Village, Jinji Alluvial Irrigation
Township, Qingtongxia Country plain sediment
4 b BT R B A 105°42'51.7"E 37°28'4.5"N 1180 [ TEBIRIR
Liuying Village, Xinbao Township, High hill Irrigation
Zhongning Country sediment
5 TIPSk DX AR BT A 105°09'21.3"E 37°32'53.8"N 1224 WhBURED BRI
Hetan Village, Yingshuiqiao Alluvial Irrigation
Township, Shapotou Country plain sediment

SR AL BR B0 M AR pH L BRIER S |
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Table 2 Profile characteristics of the studied soils
e RS =28 gitn  BERTFERRN LY RELL W PR ARG A MR A RS
Profile  Soil layers Soil moisture . ) Mineral Surface ) )
No. (em) Color regime Soil structure Mottling nodulér condition Lime reaction
concretion
1 0~40 5YR4/3 ¥ i - 1A G Tl EHRE 55 Highly calcareous
Slightly wet Hepk? Salt spots
40~65  5YR4/4 R B RAY. CRBESERT  BEASY 3 Highly calcareous
Slightly wet Hofk®
65~100  5YR3/3 T Wet BEgeR® B3 Ultra—Highly
calcareous
2 0~20  7.5YR4/3 i Wet Hek® 5 Highly calcareous
20~40  T.5YR44  iEWet HuIr® 38 Highly calcareous
40~80  7.5YR5/6 T Wet Betk® 3 Highly calcareous
3 0~20 7.5YR4/3 ] Wet Huok® s Highly calcareous
20 ~ 60 7.5YR5/4 T Wet FRME R o Highly calcareous
Y R
4 0~25 7.5YR4/4 i Hupk® s Highly calcareous
Slightly wet
25~60  7.5YR4/3 R ALY, S REEUEREY 38 Ultra—Highly
Slightly wet Hupk® calcareous
60~110  7.5YR4/6  iWet B LY. W Ultra—Highly
Btk ® calcareous
5 0~25  75YR3/3  idWet GiEe Y 3% Highly calcareous
25~50  7.5YR4/3  idWet BHORY, ORGSR SR s Ultra—Highly
EC Salt spots calcareous
50~65  7.5YR6/1  #iHumid BHOR® D RBEERT R Ultra—Highly
(1/2) 4/4 calcareous

7. (DScaly structure; @Blocky structure; @Prismatic structure; @Sheet silt stratification; @Crumb structure; ©@Lamellar

structure; (DIron manganese rusty spot; @Rust grain rusty spot; @Root rust; (0Iron and manganese nodules

FM A L 2E R AR, H1S5 525 Hmmai s A
i, 55 I AR LA T5.89 ~ 7.93, ACHAD3
AHH/NG 2 o 455 RS RO, B3
62 189RFER1.14, -+ 50T th ib I8 + 5848 b
+ o BEBEN A A B ER, DL
s F 00 T B TR MR B . AN [ R 30 1% R TR % Ut
YA AR, T H R 4 o B T+
80 T 1 R 2L
2.3 i TIEMEREFEMNR

M R4, ST W pH K F7, 26
PSR PR A o A [0 T =2 T R 5 7 it 25 0 K

F87.9~189 g kg''. 55 FI MR IRES & & W& W
FHAb4NHIE, SN T162~189 g kg™, HE)
ARFBUA G, 33 0] RE I DR T TR A A A Bk R R
o R KR R REE R O 1 o AR R — A
L, 2RISR K . XI5, R AahL A8
A5, H, 1534 2R S ENT117 ~ 138
g kg™, BRI 22 (E 0 3521 g kg s

PR T A LA i B A R R AR, BE ) R
FE 3 INAE HLEK & g A R, Hh RZE SRS
SEIE R A, AF10.2 g kg A& T A RO
AR SA DR AR L, RIZ G
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Table 3 Mechanical composition of the studied soils
BNETR= J=3/ Wik 40 i Mechanical composition (g kg™) + 358 5 b, ¥
Profile No. Soil layers (cm ) Soil texture Silt/Clay
2~0.05 0.05 ~ 0.002 <0.002
mm mm mm
0~ 40 479.2 505.6 15.2 B 33.26
40 ~65 188.1 795.1 16.8 B 47.32
65~ 100 196.9 785.7 17.5 I 44.90
0~20 545.4 4411 13.4 i +® 32.92
20 ~ 40 652.5 337.8 9.8 3 S 34.47
40~ 80 684.9 301.1 13.9 wigEL® 21.66
0~20 612.1 365.7 22.2 b ® 16.47
20 ~ 60 623.7 360.4 15.8 i +® 22.81
0~25 545.1 447.7 7.2 Wit 62.18
25 ~ 60 976.0 12.8 11.2 w+? 1.14
60~110 644.2 300.1 55.7 WiEL? 4.72
0~25 272.0 630.6 97.4 i 4 o 6.47
25 ~ 50 255.8 660.9 83.3 Bl 7.93
50 ~ 65 344.7 560.2 95.1 Bt 5.89
. @Silty loam; @Sandy loam; @Sandy soil
F4 iR TIEMLSEER
Table 4 Chemical properties of the studied soils
) T 45 JZK CaCo, EER/IR 4 £ A AR FH 25 T 28 it H
Profile  Soil layers pH o SOC TN AP CEC EC
No. (em) (ke (gkg™) (gkg™) N (mgkg?)  (cmolkg™) (dSm™)
1 0~ 40 8.58 121 6.87 0.500 13.74 418 12.54 0.19
40~65  8.86 138 5.88 0.604 9.74 2.84 14.58 0.27
65~100  9.04 117 3.90 0.383 10.18 3.20 8.76 0.22
2 0~20 8.65 117 9.09 0.470 19.34 41.04 12.77 0.15
20~40  8.68 113 5.00 0.601 8.32 7.84 8.53 0.12
40~80  8.64 100 3.08 0.258 11.94 2.93 6.27 0.11
3 0~20 8.57 112 7.65 0.856 8.94 5.12 9.59 0.16
20~60  8.54 87.9 3.30 0.458 7.21 1.50 8.24 0.15
4 0~25 8.44 118 6.07 0.537 11.30 18.89 5.57 0.14
25~60  8.40 108 3.46 0.387 8.94 4.56 6.57 0.12
60~110  7.21 915 2.43 0.309 7.86 0.68 5.61 0.10
5 0~25 8.00 162 10.20 0.921 11.07 34.85 10.79 1.19
25~50  8.27 162 10.03 0.801 12.52 7.63 11.14 0.34
50~65  8.28 189 7.47 0.758 9.85 1.08 11.44 0.31
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WHRUAKREZ, HRER Ly oMK aZ,
ISHmDE T YEL, HREAE, KA
. A 55 HNE W DK A AR e
Fo LR By KAk 0 X 5 B B, 5t
T T A 4 4L DA AT BRI SN B Ak
WP 3, HE XA A 43 S o A T A g
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Table 5 Mineral composition of the studied soils

e R S E S 5 VAT ¢ 5] N1 A 0E HzafA Hitas URYESSi
Profile No. Quartz  Albite  Microcline Amphibole Calcite Gypsum Dolomite Total clay Mineral type
(%)
1 31 14 5 — 18 — — 34 RER
Mixed type
2 37 23 8 5 12 — — 16 KAaRaH
Feldspar mixed type
3 42 19 5 — 14 — — 20 kiR A A
Silica hybridmixed type
4 31 28 12 4 10 — — 16 KARER
Feldspar mixed type
5 13 31 21 — 6 4 12 27 KaR

Feldspar type

3 nRHE

3.1 SR RISHTHR

HRAE LR BT S FME Lot , &8 E 4
WRG SRR CE=R) ) P, BRMER
- ST A R A2 82 RS B R AR 6 TR .
3.1.1 W2 ZWR AT RA SRR -
T2 R, WESE R B . T EM
O s RERTE LIEREZ NI iZ kR T
J2 P g xR ) T 4 T 2 LB A B A T 1Y
g, RRAH UL N ILRSEZ: (1) 2
RIZ o AHH W R IR )ZE =50 cm, 2ZFEH

o, B, 250 . IR S EE Y —, B S
+FRES0 cm A HLERINBCEBIE =45 ¢ ke & H 2
ARERUERRE, FILEAHEIRFZ . 25 5 g
INHHEZ DA 60ZF Ry s, F 2R EOK F &
X, WEAVBMBCEAE =6 g kg™, HA S0
BG40 = 35 mg kg™ 48 AR 2R 2 A L2 A
AAMNARZ., (2) 2WRT)Z. &8 mi L
EFTEEEEDS cm, HAL+Z=10 cm, g+
M b+ gL, HA HIESSmmEs, H
AEEFZE . IKARTERZ 40, FEMIEEN
ZWibrifE . 25 R R G EARZ, HikEEE
=10 cm, AR =18 mg kg™, KILEA BB
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Table 6 Diagnostic horizons and characteristics of the studied soils
T B A PR Bt HEEE Afkid 5
MRRZE LARZE AE)E BEFI 4 AR
5 ’ wBE SHARTL AR HEE
Frigid
Profile Siltigicepi Fimicepi Cambic  Phos-agric Calcic Ustic soil Calcaricpro Redox
temperature
No. pedon pedon horizon horizon evidence moisture regime . perty features
regime
1 Vv v v v v v v
2 v v Vv v Vv v v
3 v v v v v
4 v v v v v v
5 vV Vv vV vV vV vV
WERZ. (3) WG, 1550 s 2 85 2 12 AR JERRE . (4) A KPR ) s 4 2

FEESR, BRIRES SR T117~138 g kg™, JZIKIH]
TR S 22 (B 4 P el 17 )2 m20 ~50 g kg™, &
INHABRASE

3.1.2 Witk (1) HBOKPIRN . FNE
A0 4= gy sk e £ 2 b R K Bk < 1500kPa, 3K
FK B WA TR 5E . WF5E X R B8 %) IR K fili
PSR, TR, REA K4 0ok
T 285 A A 8 BE R FH 1 0 B 98 B0 A7 £ 58K 4tk
OLBAS I o T B RO FRAF — A b X T AR B
RS, SRR SRR EZ . AU E
T E R 2E BE H AR XA TAEZ 51451959 4R 1E 19 14
K2 i 9 A Ok Al 5 £ K AR BL, R4 4
BK=0.16% ( 44F =10°CRUR/44F = 10°C W [a] (1) %
K , A0S LA N T X+ F X 1
SR, SRR FTLH—3; 1.5%ELRERN
W R R T R SR AR 1.0 (HZAE
Shy Y RN 5 X Ay Bk . IR TR S
Peman/y 208 (9 T 4 18 25 (5 4k S A 2
PER R A5 T 10 T 531X R 28 1 530 G 8 B 4R AR
HAT1.88~2.74, Z5G5 EFAPULIMNIE O, Fe I SC
ik [ 21 ] SEATAR R, HRRE 8 T2k T R K 4
R, (2) LEREERA . 756 % 0% LR ER
MR RKIE, FFH <9 °C, HEFFEH+
T TR R 4, PICEAT A R R
Mo (3) AALRJEHRE . 155w A ] DL/
BRERS BE M BR AR S5 4%, 45 301w b R ST 0L A% 808
BE, 55 5 1R AT LS S0 BE AR A5 AT B
AL AR RS R4, Rt Oy b3k ) i B A

PH o B AR R A KON, KRR R4 0T H W BT A
TR
3.2 BRHENAR

Ry ER 2 W2 M2 Wiket (£6) , %R
(PHEEERGESEEE CE=Mm) ) Y s
TIEHAT RGP R BRI RNER . maIt S kA
SR GREERHFTS, MRTHR,

M R 7, SN IAIEE 7E 3k A Ay AR
ISR ER RV A | At . SRR
PR AR L, 2% (TR Y,
FESS R A B R A 4 2 R AR IR 0 A L O
FAL AR bR A 2 Y 2 5 DL R R B ) A
SRR TER LW, Bz Bk e R IEE,
P P U o A s = W i s U I R A A D
W RS W RE v Ry S at i rp IR G e,
5 B0 ) T 1 S 288 U0 e A R B SOE VR SRR N R
+ . MERAEBEHE N £ M E IR AN L
BESUHE A S £ A BRSO I R A £
3.3 EESL[E

T RN RGE R I)Z o, K
A A A S HY IR PR R S, BN
- H R AN PEA AR S5 BT RE . ARcHE Sck [20 ], K
3 5 B T8 B A A 4 i J2 B ORI
A TR) KT ) 0 SR ) R T | R
G ARMES BERRE . HIREES, R
H, 15 45 M55 R E T RS0 R AR
FWFE, AR ORI NEON S S R Y
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Table 7 High level classification of the studied soils
N LR G JECST KM 412 CSGC
o T ‘ ‘ :
+% W2 W2
Profile No. Group Subgroup Subgroup
1 TR + BESCHEA BB R £ AR 1
Siltigi-OrthicAnthrosols MottlicSiltigi-OrthicAnthrosols Salinized anthropogenic-alluvial soils
2 B EHE AR+ AR 2R R £ TR+
Fimi-OrthicAnthrosols SiltigiFimi-OrthicAnthrosols Aquic anthropogenic-alluvial soils
3 HEWRHE AN £ 3 HE VA A £ BRI+
Siltigi-OrthicAnthrosols TypicSiltigi-OrthicAnthrosols Surface-rusted anthropogenic-alluvial soils
4 HEREH AR+ BESOEE TR B £ TR+
Siltigi-OrthicAnthrosols MottlicSiltigi-OrthicAnthrosols Anthropogenic-alluvial soils
5 Y NS BESOE R BN £ o JE R
Siltigi-OrthicAnthrosols MottlicSiltigi-OrthicAnthrosols Anthropogenic-alluvial soils
#z8 HIXITEMNERLILNERER
Table 8 Basic level classification of the studieded soils
o E 1 R 48532 CST RH53FECSGC
S —
o +R P
Profile No. Soil families Soil series Soil species
1 IR A A K A M-S SO IR B A WK R TR ER AR 1
Loamymixedtypicalcareousfrigid-MottlicSiltigi- Chengguan series Loamy thick layer salinized
OrthicAnthrosols anthropogenic-alluvial soils
2 FK AR A B IR Ve PE -V U A R Rt [EEES DI J )2 I R

Sandyfeldspar mixed typicalcareousfrigid-MottlicSiltigi-

Sandyfeldspar mixed typicalcareousfrigid-SiltigiFimi-

b JRE R A
Sandysilicahybridmixedtypicalcareousfrigid-TypicSiltigi-

OrthicAnthrosols
RUA IRV P~ E R S A

OrthicAnthrosols

B ATIR A BT RV PE-BESCRE IR B A

OrthicAnthrosols

B R A A RV M- BRSO T B R 1
Loamyfeldspartypecalcareousfrigid-MottlicSiltigi-

OrthicAnthrosols

Xigang series Sandy thick layer aquic anthropogenic-

alluvial soils

TR IZRFWEN L

Sandy thick layer surface-rusted

ERAR
Jinji series

anthropogenic-alluvial soils

FAREES JoT 5 )2 v R
Xinbao series Sandy thick layer anthropogenic-alluvial
soils
IR F 8 Jo L 2 3 R R

Yingshuigiao series Loamy thick layer anthropogenic-alluvial

soils

B RBE N £, 45 EE R s b K AR

B BT AV - RESCHE I AR A b R
P T 3 73 D MR SR A B A IR A v P - TR
NA LG, 258 T RIS

Loy M R AR A

NN+ A, 355 R T

5%
SUHE R T
AR £,
— VU A A S
GIN 2

ALK PRV T
THE IR

http:

S5 A SR SR 3 A IR A v A — L 3 T
$ﬁkﬁiimoiﬂ$4%ﬁﬁ%ﬁ?ﬁ¢ﬁﬁ%
T, IS RO AR L P b AR A K
RAESNARM LR WA, FREDRE R
RIEER D RERAG S

TES R S AL, A 3 O TR
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PR . P E RS R L R AR
W 2R MRS, £2 LR, %
ARG . 5K BEAMK, MR 2
C NP S (e N U ST o

R RE SR,
4 1 ®

4.1 S|IHEXHBITEMNFER LTSS

R SE - ERKSRE, BR
ZHGH R W EUZ B, (B 25 S 20 B s M
AR TR R AR 1) 2L B4 R i) 8 ) FORE 2 1 R
kb, GERH T HEE I TN AN W A HE R R THE
M, AR XA E MR TESE T o 763 A P Ah R
ot WWERX TR, LERIPE M, Hob
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Table 9 Position of the studied soils in the US Soil Taxonomy
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Pedogenesis and Taxonomy of Anthropogenic-alluvial Soil in the Ningxia Yellow
River Irrigation Zone

QU Xiaolin LONG Huaiyu" XIE Ping CAO Xianghui WANG Jiajia
(Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China )

Abstract [ Objective] In order to better understand pedogenesis and taxonomy of the anthropogenic-
alluvial soil in the Yellow River Irrigation Zone of the Ningxia Hui Autonomous Region, five typical soil
profiles were prepared by pit-digging with the aid of ArcGIS software and GPS in the zone for studying.

[ Method]) From the data collected during the soil-series surveys of Ningxia in recent years after 2014 and
the data and information acquired through profile observation and analysis of samples collected from the
profiles by layer, it was found that the anthropogenic-alluvial soil was formed through mellowing processes
triggered by artificial cultivation, redox process caused jointly by irrigation and groundwater, sedimentation
of silt in irrigation water, and salinization process, as well, in some areas. [ Result)] By referring to

and identification in line with “the Keys to the Chinese Soil Taxonomy ( third Edition ) ” , it was found
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that the five typical profiles had the following diagnostic horizons and characteristics, siltigic epipedon,
fimic epipedon, cambic horizon, and ustic soil moisture regime, frigid temperature regime, calcaric
property, redox features and calcic evidence. In the Chinese Soil Taxonomy, the five typical profiles could
be sorted into the soil order of Anthrosols, the suborder of Orthic Anthrosols, the soil groups of Siltigi-
Orthic Anthrosols and Fimi-Orthic Anthrosols, and the subgroups of Mottlic Siltigi-Orthic Anthrosols,
Siltigi Fimi-Orthic Anthrosols and Typic Siltigi-Orthic Anthrosols. According to the criteria for classification
of soil families and soil series in the Chinese Soil Taxonomy, the five soil profiles were sorted divided into
five soil families, i.e. loamy mixed type calcareous frigid-Mottlic Siltigi-Orthic Anthrosols, sandy feldspar
mixed type calcareous frigid-Siltigi Fimi-Orthic Anthrosols, sandy silica mixed type calcareous frigid-Typic
Siltigi-Orthic Anthrosols, Sandy feldspar mixed type calcareous frigid-Mottlic Siltigi-Orthic Anthrosols and
Loamy feldspar type calcareous frigid-Mottlic Siltigi-Orthic Anthrosols, in the light of their soil particle size
composition and mineral composition, and then further into five soil series, such as Chengguan series,
Xigang series, Jinji series and so on. [ Conclusion]) In addition, the reference studies of the five soil profiles
in different soil classification systems show that between the two soil classification systems, the Chinese Soil
Genetic Classification and the Chinese Soil Taxonomy, does not exist any simple one to one relationship, the
corresponding relationship between the two is significant. In the Chinese Soil Genetic Classification, the five
soil profiles all belong to anthropogenic-alluvial soil, while in the Chinese Soil Taxonomy, they are sorted
into 2 soil groups, and in the US Soil Taxonomy into the soil order of Inceptisols, the suborder of Ustepts
and the soil group of Haplustepts. The comparison shows that the Chinese Genetic Classification and the US
Soil Taxonomy are relatively stable in classification, whereas the quantitative Chinese Soil Taxonomy is more
differentiable, thus making the classification more complete and detailed.

Key words Yellow River Irrigation Zone; Anthropogenic-alluvial soil; Diagnostic horizons;

Diagnostic characteristics; Chinese Soil Taxonomy; Reference study
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