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BARHEAT S A7, AR T LIRS RAN R W] e ok 1) L 3B WU 5 B BB B P A0 1 22 e 4
Bro AW RERY, LAV E BAERNERE L XA S, FEZE T LIERAE
PO R, A AR E 5 | S X O, SIS B EHE () 5 Fh R skt 4 0%
ANUBR S 2 RS FEREAT O LA, DA 7~ HE DX AN (] A 70 438 5 | 8 VR MR I e Al v 1) 22 e
NI T REWEAR A E IR AN DX 4 - 3 % 2 Bk P AR A B AR A 4
1 MBS 5
1.1 W XA

THREEARXALTRE 104°16'55"~107°38'53", b4 35°14'25"~39°23'10", KilH
F15.18x10% km 2, HUALTRE PN, BEEBL, JbEOPE, AR b, Tkt
Hy, B E A AR AR, B e BT T E I BEX A IS A NE
BT s, e RS E IR IR REL ] S0iA 2000a %2, B HEX 40 R KHEIX, HEBERT [ £
A 10a, VX IR VEEWE g S0 R VEE SRAB R I () AN W) i v, ) —VEE SR ARV R I S K B R] (3R
1), BEXFELERACERER . RS . XNyb b Bt B AR FUCR A R A 2R
Serp ) RIS R ARR, 43 6T BTt SR R 2 LG HE A (WRB) Rl 4 B HE WA A A = (Irrigic
Anthrosols). f& & 451+ (Haplic Calcisols). T-F#> 4+ (Aridic Arenosols). A7 & AR 1
(Calcaric Fluvisols). 77 & It m# 46 J -+ (Calcaric Fluvic Canbisols)2 . Hrfr, 545 + A X
M EWR Al AR T E TR ST R X R, RS SR
SRVD KA T R AR E AR AZ 1% VR R T B JE BEAE 50 em BA_F 1) Ny 1358
[13-14]

F1THIIREX FEER

Tablel Main irrigation channels in the Ningxia Yellow River Irrigation Zone

HELEAZFK Irrigation channel 2 I 8] Construction time FEWLT A] Irrigation history (a)
Z&2 %% Qin Channel A JGHT 214 4F 214 aBC #] 2200 About 2200
& Huinong Channel 1729 4F 1729 a #] 280 About 280
BRHELE Yuejin Channel 1958 4 1958 a #] 50 About50
P-4 Xi Channel 1960 4 1960 a ] 50 About 50
=TI Dong Channel 1975 £ 1975 a £ 30 About 50
&K T4
T 1986 4 1986 a #5 20 About 50
Guhai Irrigation Channel
AFEYIKER
1998 4 1998 a #) 10 About 50

Hongsipu Irrigation Channel
VE: BEIR BN R 275 SCHR[L5 -17]

Note: Construction times of the irrigation channels were cited from references [15 -17]
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1.2.1 HHEAHAESRES SN ARYEREX R, SO ISR ) S R s, U



VEDSHEAT AT ORFEGR 2)o N MM HHE ST I L3 HUBR & 8 b s L AR 1k, %28t
SR A e e MOH IO JERERPE VR 00 B AR XS TR 5 RS B HE TR R AR AR 1 i
TN E BRI B FITIE R FE U 068 FE R AT BEAE R 52 N FIE Sl VAT b AR J et
Fedtl b, ISR g AR s A SR R Ak I T 2 B A AR o T b A R S
S NP TR A 3 A DX AT i 40 /> 287 381 T (1 1)

2 T E G XAN R 3 ST R A R

Table2 Number of sampling sites distributed in soils different in type in irrigated area in the Ningxia Irrigation

Zone()

R 777 AR S 7]
Xt FE O OEAORE BRHER TR ORKTR TR IKHESRE

EHK
Soil ¢ Control Qin Huinong  Yuejin Xi Dong Guhai Hongsipu
oil type

7P profiles Channel Channel Channel Channel Channel  Irrigation Irrigation
Channel Channel
W £

. . . 3 4 5 5 2

Irrigated-alluvial soils
W

L 1 1 1

Fluvo-aquic soils
WA+
. . 3 2 1 2 2

Sierozem soil
RPb £
. . 2 1 1 1

Aeolian sandy soil

it
. 1 1 1
Fluvent soil

SKAERTIA] Y 2009 4F 10 HRHEX A HEK 2 AT LR HERAEIR By Im, 4% 98 1%
SAEANBE Ry ST RIERIT Y E, A 45 A2, KR SR R AR E IR,
4t —% 53 1 )2 (0~20cm) A1 E K JZ (20~30cm) FE A —#, 0o+ BF 5 JZ (30~100cm) A1 25351 T
BARARRERENERATYE. §Z8 Efi FH5RE 1.00 kg 724 L8, IR TIERE
SRR E B E (B EREEAN).

KA RERON AT R, TR 2 mmfE fe 0, PRBR RS2y, B AR R
i 60 HB2e 0, FHE TR (K CrOq) k-l e VAN E LA MU M & &, LA HUR & &
BRUL 1724 (R 240 RIAT1S 20 LG MR & &= .

1.2.2 ot ASFEREBAHER )T 5% 288 0 WU & S o B T3 R A R
SEIMEGE T AT e He b R A BB B FE R TE SR S OR8], TR

SOCD =Y (1- 8 %) % py % C; x T, /100
iml (1)

stop, SOCD L e MU (kgm?), %N BE>2 mifa & BAR %), PR



S REAE QY. CONE RIS RkeY), LN R4 R R (),
NG HIRE VAR SR E R, A7 b - WU A 1m,
FHE T E AN M 29 IAE Excel A1 SPSS H 58 K o

RE A Somple sites

Trrigation chanel

— U Yellow River
I Aeolian sanidy soll
I Trrigated-allovial soils
T Becent deposited soil
e L Sierozen soil
B b Tidal soil

0 50 100 km
e T—

1 75 5] 25 FE X 3 A K A R oA
Fig.1 Distribution of soil sampling sites and soil types in the Ningxia Irrigation Zone

2 &R 518

2.1 LRI R G0T
R 3T R G HHEX IR A F R L A LS B g E R, bRk S5
HAEST
3 5 S| O X e TR A LR & LR

Table3 Statistics of SOC contents in layers of soil profiles different in soil type in the Ningxia Irrigation Zone
rams SNyt EoR IR

R TR it Soil organic carbon content of each type of soil (gkg™)

Profile depth 2%k Statistical Rt i+ RIS b+ Bt
(cm) parameter Irrigated- Fluvo-aquic  Sierozem Aeolian Fluvent

alluvial soil soil soil sandy soil soil

XTHE Control 3.40 4.05 2.85 0.75 3.65

0-20 KA Maximum 14.07 9.53 5.62 5.25 4.13

He/MA Minimum 5.64 6.38 3.73 3.64 3.70

“E3{H Mean 9.18 7.95 4.93 4.19 3.92

X Control 3.41 2.16 2.68 0.82 2.77

20~30 KA Maximum 8.91 6.21 5.24 4.34 3.67

f/]MA Minimum 1.73 5.29 1.87 2.08 3.12



SEH{E Mean 5.39 5.75 3.22 3.00 3.39

*+HeE Control 2.46 1.35 1.81 0.76 1.89

23060 BKME Maximum 8.21 3.90 2.89 1.88 5.18
B/IME Minimum 0.86 1.21 1.20 1.19 1.08

FHIE Mean 4.33 2.55 1.72 1.43 3.13

% Control 2.66 1.19 1.30 0.74 1.63

60100 BKE Maximum 6.53 4,16 1.73 3.04 2.14
B/IME Minimum 0.87 2.32 0.64 1.02 1.49

FHIE Mean 3.26 3.24 1.07 1.78 1.80

BRI G 4 KA, ZEMAHER, TELIREX LR ZH LR M GRS
P, o0 BT 2 R L 350 1 m 386 el P82 DR - 3 S Y (R [ AR FE R 22 57 s IR
K5+ 30~60cm. 60~100cm 2 H)HIFEH IR S EMGEVDN, R EAE T+ R AL
e BEUIS,  JE IR E R VR XX L R R AN B B2

B RR LIRS S5 R R, FEIR AN 1K 2 (0~200m) AT HLRR & B Al £ AT
7~10 gkg™t ZIAl, WHAS L. Kb EFIER LR E0~20em) LA HUR S BE 24T 3~7
gkg™ I, EHxfEImE AL, BER L. RS £ AR R 2 A HURR & B R >
519979 0.59 fi5. 0.35 51 3.84 5 fxmi 4 5lh 0.97 £%. 3.09 51 5.98 fif, MEWEHIE 3R
JZ LA S BB R R, NS R IR e 45 RS, EMRHEA
50a, FREZIIESS, HALEAZ R EHE RS B50 BTtLer, Z Al R, Fit,
G i 7 (0~20cm) LA HUBR & A0k, 5E RRAF 70N 48 7 AN ) B 8] 4 2 E R AT A x4 ik
T3 FZ R o
2.2 AN[F) 2R AN - B3R 2 A WUR 75 F B VRSB P A IF 1) P A2 AL ARR AR

K 2 J 7 B 5 S REIX 6 BT 3R R A MUK & & b AT VRIS A1 A2 Ak o3 A7 B, I

P AR HE R I 1) LG L & I T 10, o R ey BTV E R TR O @
K2 B, T2 5 SHEIX 5 Al S A 438 (105 AL e 75 50 8 W VR I 1] P S A v SR S I i
ST REA LR A WU & B HE BT AR A (] 2A) TN, VA LR S LA UK &
EIGIRECR, SXHEAEELR gy 2 f5~3 fir, HASFEHEBHHER AR L3E MUK & & 55
FHEG 2 PR 2 (p<0.01), HANPA K S RV AR i 8] i 2% )2 e ML & =3 n v
R(E 2B): JRKES 1R E G MUK S B2 R E R R 52 25, —FH A RECN
0.727, {HZAEEBHHER 7] T R )2 LG WK & 5 50 A b 22 R A 35 (p<0.01), 1
AR (B 2C); Wb LRZ LA & BVIGEBAC, SEBPHEGRZ A Lk
SRR 4~7 £5, (AL TBARMK (B 2D); $if LR 2 LIRA UK & &8 2%
I (8] R S AN 1225, SR A 10a. 30a J5 )= T A HLAk & 205 N 1.45%. 13.18%([&] 2E).
SN R REBE R 5, FURP I 139830 )2 e MLBR & S 3 0E K /ANIBUT e )b >
VEVA £ >0 b > RS £ >R
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Fig.2 Content and change trend of soil organic carbon in the surface soil (0~20cm) of different soil types (A:
Fluvo-aquic soils;B: Irrigation-silted soils; C: Aeolian sandy soil; D: Sierozem soil; E: Fluvent soil; F:

average of all sites different in irrigation history)

2.3 53 REX A A LR AR R A LR & 2 e

REBEBEFE AL T = 51 s X R = T3 ML S BAS LA N, (EIXR R T IE 52 2IREBEREF
I TR (oM REEAH I (A, R B U & BB, B A, RZ
SIS B, BRI YUK S R e K S UKEBRE R RARAER,
(EIZX 8 RAE RE BB IS [ 1L 50a I A 2 BN B2, B AR A8 £ L R R A AR - (]
2C. K 2D. Kl 2B). ZiET E 51 REX AR R R A Rk & B R LA A I 1]



A4 (I 2P AL, ¥ X 3R 2 A WU & & S EBL BRI (8] Z IR 72 T 51Uk R (2 30(2) ):

SOC = 4.0053Lxn(g) +1.5375 R’=0.832 @

AkEF, SOU R EEA PSR, L OVBEBPHER R T, BEEAHER X 2

AR S E RIS INA R, BB ER e, X LR E LR AR S &
AR ST 28T 15 TR X RS, By S B Y,
AHF 5t R 2 A WU & B B OV PO A0 9.18 gkg™s TS . Mb+
AR L3R = LA U & I A T L

PO RIBERERHER T, EX SR B LR R E AU & =0T A, Ui e
280 a i}, EW L RELIEEHRTEIS 8N 9.49 gkg™, BRAK T R EA WIS & 9.53
okg™, EBEETHRKES L I ERER R 2 AN AR, SRR A £E 50a
2, FERERE AT S RN 9.58 gkg ™, T AR 405, i A8 AR R 0
BERHVERS BN, RS 1R R LI WL & & TR A LA R £ 3R R L PR

ANTRI A 38 3 A WU 25 5 A0 () (%) VEE RV I 8] I A 1) 22 S P, U AR () 3
BT 5| L 5| S I IR E A LK B 2 1) S A RN ] FEAHR T, RS 18 T
HREX i 3%, TR BRI S DS R, AR S RIS, BERUE AN A E R
BERAEDIER; I L3k B SR ECAR I X 70 R I R, B LT A
W R LR AR AR EE G AN S R s IR LR ARG H S AR
BRI BRI I ECIHHERESIE R AR L, REHYUR & EIHARIR G, HAH
ST HEX A AR DU A HUR & Biom M0, B, e T A B A B
B RE, BB LA PR S AR LGN, B SRR IR B, R e I
/NT TR SRS TR AN [ 77 A 1) L 3 A WL 1 e P DX ) 22 e, DR b R A A L 3 27 e
TSRS BRI A SR R R B LR B e T AR SRR )
e, MR LRI . VAR BHME TR, DUk 5] R KA T EE A 2
BTR. PT R RIS 2 E R,

2. 4 AN[RIZRAY 38 5| B YRR I B RSONL ) bR

B 3 9 E 51 S REIX 5 FhSAY 135 (KA WLo 2 P W WE R S ) AR Ak a5 I, I By
R ) FEE AT T TS 5% 350 T 3 82 (0~ F- 34, o FR ) T VB P12 B 8] 29 Oa
B 3A AR, VA L3 FEROR, SO tH LTE LR VE RS [0 50a i, L3RR E S
VEREATVE N R A A DG AN 2 s 20 R 5 b e B e A 52, g L B B ]
B, BEINERZ (B 3B): R AKES b I LR B S HE I (8] (A RECh 077, -
AT BB P 5 06 BERE LA I R W 2 (B 3C): I b 884 BB 2 P 1) 3 S SIS,
SVEERMENS, LA NLERS BRI 2, REERE R 0T e LB 2 B A A S A1 ey 3
SUMASE B, R 4 LI 1]y 50a I (B 3D): TR e HLm 25 B A2 A
PERISER RN, Zad 20, 30a #EMEHIIES, 707390 25.64%. 7.44%, JFARE. 5T E
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Fig.3 Change trend of soil organic carbon density of different soil types (A: Fluvo-aquic soil; B: Irrigated-alluvial
soils; C: Aeolian sandy soil; D: Sierozem soil; E: Fluvent soils; F: average of all sites different in irrigation



history)

T B I, FEVA L LR AR R I R TG, L3 AL 3 R
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K, {HTE 30~100cm JRJEAL, FEBEHHE 50a 1) L3EA & m it T8 MLk & &, 30~100 cm J&
BEBRRRIE RO )2, 3G WU B alis 6.97 kgm®s T EBE B/ 50a 1) X 45K,
FEMEIA R 0 T 25, 7E 30~100 om Ak H T HLBR & RAAC, TIEH MUK 3 FE AR UN
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Effect of Irrigation with Water Diverted from the Yellow River
on Carbon Sequestration in Soils of Different Types in Ningxia

Irrigation Zone

L2 Zhang Haidong?® Liu Yang® Shi Xuezheng?

Dong Linlin* Yang Hao' Yu Dongsheng

(1 College of Geographical Science, Nanjing Normal University, Nanjing 210097, China)

(2 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese
Academy of Sciences, Nanjing 210008,China)

Abstract Irrigation and cultivation are two important driving forces of variation of soil
organic carbon density (SOCD). The Ningxia Irrigation Zone using water diverted from the
Yellow River in irrigation was selected as a case for study, and 48 sampling points were set up in
five types of soils to study characteristics of soil organic carbon (SOC) and SOCD in these soils
under different cultivation and irrigation time series, and analyze differences among the soils in
effect of irrigation and cultivation on carbon sequestration. Results show that the effect of
irrigation and cultivation on carbon sequestration varied with the soil. The same in irrigation and
cultivation history, the five types of soils followed a decreasing order of Irrigated-alluvial soils>
Fluvo-aquic soils >Fluvent soils > Aeolian sandy soil > Sierozem soil in SOCD. Irrigation and
cultivation increased SOCD to a varying degree in these soils, which followed Aeolian sandy
soil > Fluvo-aquic soils >Irrigated-alluvial soils> Sierozem soil > Fluvent soil. The differences
among the soils in effect of irrigation and cultivation on carbon sequestration are significant in the
Ningxia Irrigation Zone.

Key words Irrigation with water diverted from the Yellow River; Soil organic carbon; Soil

organic carbon density; Difference



