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Profile distribution patterns of soil organic carbon and the rate of carbon

sequestration in Ningxia Irrigation Zone

DONG Linlin"*, YANG Hao®, YU Dongsheng"** , ZHANG Haidong', LIU Yang', SHI Xuezheng'

1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China
2 College of Geographical Science, Nanjing Normal University, Nanjing 210097, China

Abstract: To reveal the effect of irrigation with sediment laden water from the Yellow River on soil organic carbon (SOC)
distribution in profile (0—100 c¢m), Ningxia Irrigation Zone was selected as the study area to carry out the research.
Totally, 40 soil profiles of five soil types (Irrigation-silted soils, Fluvo-aquic soils, Sierozem soil, Aeolian sandy soil and
Alluvial soils) were collected, including 34 cropland profiles with the irrigated durations ranged from 10 to 2200 years and 6
natural soil profiles never irrigated and cultivated, to analyze profile distribution patterns of SOC content and density under
different durations of irrigation and cultivation. The natural soil profiles were used as control profiles and their irrigation
duration were set to zero. Pearson correlation coefficients were calculated to determine relationships between SOC density
and irrigation durations and soil types. SOC content and density were subjected to analysis of variance (ANOVA) to test
difference of irrigation effects from irrigation years and soil types at 5% probability level, respectively. SOC sequestration
rate was also estimated by comparing irrigated soils with control ones.

Results indicated that SOC content of irrigated cropland showed a decreasing trend with the deepening of soil layers in
profile. SOC content of surface layer (0—20 cm) affected mainly by irrigation and cultivation increased more rapidly than

those of deeper layers affected mainly by soil parent material. When the irrigated duration was about 50 years, the SOC
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content showed the most significant difference among the five soil types. The irrigation-silted soil layer formed by irrigation
and cultivation activities, usually thicker than 50 cm, were found in those areas with such activities of 50 years over. The
depth influenced by irrigation and the increment of SOC density both are different due to the difference of irrigation
durations. SOC density was significantly related with irrigation durations and soil types, the correlation coefficients were
0. 63 (P<0.01) and 0.74 (P<0.01), respectively. SOC density in the profile depth were significant different ( P<0.05)
among varied irrigation durations and soil types. SOC density increment was significantly and positively correlated with
irrigation durations shorter than 50 years. On average, the SOC density increment of the cropland soils in depth of 0—20,
20—30, 30—60 and 60—100 cm were 14.69, 4.52, 9.84 and 9.52 Mg/hm” more than the corresponding soil layers of
their control profiles. SOC density increment of irrigation-silted soils formed under the long-term alternate activities of
irrigation, manure addition, silting and cultivation, was more than other four soil types in Ningxia Irrigation Zone.

The linear relationships between SOC density increments and irrigation durations inferred that average SOC
sequestration rate reached 0.53 MgC-hm™a™' from the five soil types in Ningxia Irrigation Zone. The SOC sequestration rate
varied among soil types.

Results discussion indicated, by stimulating plant and root growth as well as soil biotic activity, irrigation could
potentially enhance SOC sequestration of cultivated land in the arid and semi-arid area. In addition, irrigation with sediment
laden Yellow River water via sediment with organic matter silting, make the irrigation-silted soil layer thicker at the top of
profile, and SOC increased accordingly. Overall, irrigation by the Yellow River water plays an important role in increasing

SOC density.

Key Words: soils; organic carbon; irrigation; carbon sequestration rate; Ningxia Irrigation Zone
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Fig.1 Distribution of sample sites and irrigation channel in Ningxia
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TERE X Guhai pumping-irrigation area; H: 75 THRHEX Area irrigated by Dong Channel ;1 £L3F 48 #E X Hongsipu pumping-irrigation area
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Fig.2 Soil organic carbon of each soil type under different durations of irrigation
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100 em &b SOC K/NIF Ay - HEDR > XD 4 >R IKES
+, HER A )2 SOC & R s MU VE RS [R] K
280 a( & 2) , £ 4 1+ )2 SOC & 2w = Tt £
EJEHA W22 5], FE A A 4 2R SOC 5 A
PR (B 2) , B R A A 4 - B S AN [ il
% S0C E MR EAFE 22 7 FRAETE 60—
100 em R, B X 43 SOC & B (52 o 0 &

VHE DX MRS T 32 2R HLAR B s AR LA | v AR
Y v RERT , H 22 R EOK, AN A BE T L B )
H socC FrEptn A B B 2s 0

2 LRTR AR R Y 3 H SOC 7 7 VE Tk
HHERTE R 50 a B, 22 A B . SRR 1R e [
HBL 50 a B, X 438 DL U 4o 3L SOC 7 # R
150 5 10 24V e BE VR I 18] 2D F 50 a ), 45 28 18] SOC
TEEFIFAUIE, SHAM 4 K AL, HER L
SEAEA IR VR BN i AT 52 364 TR B 1Y
NN 38 ZREBEHEE B2 55, + 3 SOC & =k
TN B2 AR 0—20 em +IE, EHAK R
YRR ) S5 PR R (R s ), PR - 2 AR (R R[], JE X5 2
IR 2 SOC FE &R W3 (P<0.01) (%
2), AN, RIERAUE SN SOC SR FEERNRZ
— VEIEHEE 1A s P/, B2 32 HE LA
YERZM iR N 22 bR ik, HEIX 5 R+ 3E
FJZ(0—20 ecm) SOC & HAFAEZ S R R AT e 45 7
A — 2 BRI R, A LR S T SE
AR TR N A SR Y 4 e R R A B4 Asf ] <
Ja KT AN TR, DR A AV RO e R G, FR
R F R, BE A AL TR VP DTS £, SOC F i
B 5 IR A5 | JRTD A R B A 25 i 8 K Bk ]
i, B2 A K (O E R K R AT DT VD A B O
DT AR AN TP AR H ) | E R VE X
N SOC & & (52 W AN QN e v B & R, 78 13
A S PEIE AR B DU R T, XOAS [R] 2 7 -
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2 SOC FrEfrfE R 225 15 EEAE J Of
VEE DX AR A 7= 1 T B i, %o 2l 3 A P BR R T
SOC FrimfEF R (X RZLUTFER L )Z SOC &
TR IR 55 TR
2.2 A HLAREE B ) IR 53 A AR

TEVEX 5 230 LA P BE 1 J2 R B AR
AR R T 43 AR FRAE AN IR 3 7R, AS [R] SR B 1 B[]
A F  7E50 T R FE (0—100 cm) N, X 184 +
JZI%) SOC % B 34 5 F A< A2 HE WE B4R 52 ) 9 %o R+
e CUFEBEHFERT R R L 50 a B FEBEERE 3R
A BB 8 5 Xof HE - R A 3 T >V A

IF )R 50 a B FEMEREVE 1438 5 X0 R S AH 1L, H:
SOC %W B (P<0.01) (K 3), H#EIX 5 2%+
B SOC % 13 BEVEWEREVE 5 [ 7P 51 A8 Ak 7= A 1 25 57
PEEBE (P<0.01) , F3F , HEMAEE 3% 0—20,
20—30.30—60 F1 60—100 cm ¥ SOC % FF 43 5 Lt
Xof HE A HEAH B ZE U SOC 25 FEHE N 14.69 4.52 .9.84
F19.52 Mg/hm*, A UL, R B 1 X 2 /55 SOC % B
(R PRI 2 T8 B8 1 86 o i i 557, i 38 )22 SOC %5 B
(3N S5 FE VR IS BRI AH 5 (P<0.05) , AT UL, <
(R TE R ARV X 18 I 26 )2 SOC 28 FE A FH 4 3%

JEJERS 1) Irrigation duration/a
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Fig.3 Soil organic carbon density of each type of soil under different durations of irrigation

o R ML L SR A LBR 2 BEAT X T30 IR 17 P<0.01 JKF B2 bk 3%

TR 4% £ 2 SOC % JEAE AN T R B sf 7]
T X IR - A B N (P <0.01) , {0 E R
YEBFTE] A 50 a B, 50 SOC B fHRA ([ 3) ; Hofth 4
Y SOC %5 i 449 9 BH HH it 8 TR B A/ s 1] B 4K i
B (K 3) , A5 R8O MUK S ALY
Ak, e 3 ATAL HET £ SOC % B L HAh S
T -3E1Y SOC %5 B2 iy W dse 22 | HL T 45 )2 K
SOC % i 155 B8 - HEAH L3 in 44 &8 2% (P<0.001) ; 1M
HiAth JLZE AV R JZ SOC %5 B 1 hn 1. 2% (P<0.05)
(%£3),£T)ZE SOC HEAIMAFFERRZEN, X &
PRI SA T i 1) BV B TR I, 2 HL R i ) £ 2
TREE—EAE 50 em D b, SOC & AR 4 2, i Ho A

4 25 T HEE R ) EE R OO0 R 2 H 2
2 S0C %R A=A m, H SOC % BE A X 48
%, AT UL E X3R4 2 TR SOC 55 B (A8 Ak IR + 3982k
R RIRN S, oAb, B3R I s e T 3 X A/
PIRFRS  ZEVE MR i e 4 B X, DAV 1=K
T, 5 ) P T R 1 R AR 1 R T AR R, A
oK o 565 LLEGE: AR T R A AL 25 7E
VTR B s 0 A o A X, 0 A ) 2 B R IR K45 -
PP A AR | 3 BN 2 RO A T AR ) A=
K, KR A 05 R TE X VR A K R I T Rl )
IR PR | (F S B X s 1 37K o S 588 22, AR
F A PIRFLR,
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KA

TR AR B ) 0 - 3 WEFE X SOC %5
B2 ANEZEEZE, EMSHERX S 55 SoC %
JE(0—100 em) 2 [a] A AH ¢ 28 500 51 0 0.63 A
0.74 ¥ 0 BEH X (P<0.01) , i SOC % EF 5 +
SR 2 [a] (R AH DG R BOR T H 5 WAV e 1) =2 ]
FIAH G 2R B0, U B RIS SOC 25 FiE 11 52 M) W 5
TFHEEREVERTE] 1 HL 30—100 em SOC 5 32 7 1%
BEVESTA] 0 52 A % (3R 2) , BA W] R 2 AR 50
M) - A LR % B TR S BRI R

SIS KPR VD A ] K R4 7, 3T K h
LA ML 50 e U0 BE K AR AW TR,
PEAEEEDO 7 O X AR WA AE A P VD IR A
10300—155400 kg/hm® , [KI 1t | R R]ASTA] | S8 AHR Y
T JRIERE R B X SOC & IR R, BER

x3

TR 8T 2 A TR L VR R RN AR R G 4
B -+ 358 R G Y HEB RS2 SOC T 154045 11
PeEtERFEZ Y YRR EE Y KA PR 2
SOC Y =229 R IR, AT ) A A 19 2 /0% SOC
S A BN TR R TR
W JE AR IEAR Ml IF A 7= i T B4 it , RE S (2 AR
A TR Z R VR, AR A E A AR
FOEHN SOC M E YR, AR RA KW + 2R
SHHEZIEE (29 20 em) B4R —2, H1EYICE
Jei NEVIAR 2R KR AE SR B AEBRE 2 Y B b
REEMRE B A HLAE ARG , 350 T SOC A iR )=
SOC Frht LR T 2B B, nf W, EE# 1 2
BT ESHHEX SOC FRAMEENE,

EX T ERERELENREERN TR ENTL

Table 3 Change of soil organic carbon density of irrigated soil compared with non-irrigated and non-cultivated soil

HHEAHLIKEE SOC density/ ( Mg/hm?)

i% xL ﬁﬁﬁ H .@Wﬂm/é + 2 Depth /cm
Soil type Profile Irrigation duration
0—20 20—30 30—60 60—100
WA T Trrigation-silted soils xif e 4 458 6 0 6.79 2.75 5.88 5.74
TR 1 4 19 50,280 .1300,2200 25.7%%* 8.66*** 20.18 *** 18.51***
B A Alluvial soils T - e 3 10.30 11.34 477" 10.56 10.48*
IR IKES 1 Sierozem soil X BE A 1 3 0 8.01 3.67 7.09 7.32
T - e 7 10.20.30.50 15.54* 5.08 7.64 7.21
Kb+ Aeolian sandy soil popilitase: 4 2 0 2.24 1.21 3.50 4.50
T A 3 10.20.50 12.55** 4.51 8.55* 10.34
# + Fluvo-aquic soils popilitase: 4 1 0 1.22 0.31 0.70 3.50
T A 2 30,280 1.93 0.60 1.22 13.12

2RI A 2% SR B L AN TR J2 R A LR (Mg/hm?)

PRSP X 9 RO A fr o B 3 oAy 3 96 38 6 /0 B T

KR WL AR+, wx , wox 300 FRTE 0.05,0.01,0.001 7K b 25 5 bl 2

2.3 X A R R
- 9 [ e ok AR A e R — Xt A LB i

B o] ROBE AR i ) B B SR, MR AR 1 P

X AHERERT E], iz AN (2) L (3) IR T B X &
R+ HE(0—100 cm ) 76 A [v] E I8 AR A Bsf 8] R 4 [
BRI 4,

F4 THERZEBLTEERER

Table 4 Soil carbon sequestration rate of each type soil in Ningxia Irrigation Zone

52 A LB [ Bk o
it 5 Carbon sequestration rate of each type soil /( MgC-hm™a™")
Parameters MW i WRIKES £ RS AL
Irrigation-silted soils Fluvo-aquic soils Sierozem soil Aeolian sandy soil Alluvial soils
5 RAE maximum 2.11 0.75 3.07 1.86 2.26
F/IME minimum 0.01 0.21 0.15 0.74 0. 51
FHIMH average 0.63 0.47 0.96 1.16 1.29

B (EL D A% S S IT A SR A i B T 8 9 B R A B AR P R

PR T R B TR X g [ e T R DA e e
TUASTRY T S, G AP, A AF 1] i 4 A 8 9 £ i)
A B AR AN e/ IMEAUA 0.01 MgC-hm™a™

2 ARSI TR ) 52 ), T K T DA RS B S A
JEE 6T T M I, A ORIE T R A9 I H R AT, A 200RS
T T = B LR T E B, DAY i - S35 1T SOC %%
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JEE (R AR AR I AN B 51 b sz e SO0 VR R B 5 )
A R AR R AT AR R B, TR YT
FRECASRE X A T L3RR AR 24 1 em ™) BRI
BBEBHIE 50 a 5, HEIRNZ MR EEZ R 50 em, {H
EHHER IR L2 20 em 2245, HE AN BEAE i F o
FEAE A BRI AN BERI % VR 12, 1 50 em
DU A FRRBEHOIR S, SOC %5 B /1N 5 iR JK 45
+ RS AR T I A ) e, L A
YEAURE 0—30 em SOC %5 JE 3G hnfE ] 2 (3% 2, &l
3),% T2 SOC & &N FZZ 8 Fpysgm, Kk,
FrHEEIE SOC % 5 14 fin 2 e 11580 X 4 498 [3 e 3ok
KA T BRI A RS RN A Y
A5 38 o T8 VR B ) 7E 50 a Z AT
38, H0—30 cm 1) SOC % A5 b i, PRk A7 2 40l
HRIEREX SOC % B Pt @l %, A F T2
AWFFEH SOC & B3 = 48 (0—20 B 0—30 cm) Y
12 AR

i 3 22 HIME I I R] R 50 a DL 45 EE 5 0—30
em SOC %5 J3 38 ik it 8 0 A 11 ik 6] 7228 4k A 130 14
A THE X 5 25 T I SOC %5 132 B RE LR VE i 18] 2%
TRt T s, I ds R AR RN HE X 5 2 3
- Y [ e R R 4

(%)
f=}
J

* 0—30cmi i

&
§° WAHZ :
mlm“z 25 i HZ
=3 »=0.533x— 1.9554
§§20» R2=09193
xS
O 15 +
=23
&3 10 +
ey
5
__S:: 0 L L L L L )
0 10 20 30 40 50 60

PEJEINHR] Trrigation duration/a

B4 TESIHEEXTEFVIETEL NS MEERHEREHN
TiEs
Fig. 4 Trend of soil organic carbon density increment of
irrigated soils changed under different irrigation durations in
Ningxia, China

VL v 5088 53 AR ] HE SR AE B I 254 60 0—30em - BT HLB
RGP IIE, Ay S R UK RS BRI s SR
HFE], R s 78K

HEIXSOC % Ji 14 hn 2 5 9 R B A I 18] fb % AH
X M ZRECH 0.96( P<0.01) , I B IR ED Hy
VEE DX A 498 1) °F 359 i e 2%, R 0.53 MgC-hm ™ a™',

THE R AE B 1) R0 - 32 A RS 5 ) 1X - 498 [ ke %
(2 ANEE R, M XA & Fr R gy =i A
e HEERT 7K R R VD I TR AS TR] 25 5 e VR X 4= Y
[ e 0

3 e

A 3 X B | B XA [ R 1 B ) 8 R
5 Fh2SI - A A HLAR 7 1 S % BE A 4B, nT AR R
TE5E.

(1) WEX 5 PR+ 121G SOC & =¥kl + )2 IR
FERE N2 N AL, H3RJE (0—20 em) SOC & &
PR ERAIG , BV I [R] B, SOC B 2 348 Jin gt sk
3 B SOC B 5 Bl - J2 R B 38 in i T I ) B
A

(2) HERURIFE MRV B A] S5 X 5 25 -4
) SOC % B 4 i ARG (P<0.01) , M R B350
0. 74 F1°0.63, ] UL, - 3FES R FIFE BRI 0 (] 25 1)
WX AV EEZR0 2 N EEENEK, B+
TR [ 53 M Wk 5 TV R BV S [

(3) MEIX 38 [ ik R PN R AU RIS, S
e HErh W WEREE B IR e B ) R U A R A
e R AN e/ IMEALN 0.01MgC +hm ™ a™" ; i BE A
B8] 50 a LA .0—30 em 2/ SOC %5 B 18 fin i F v
TR R 224k ) 005 45 SR R B HE X SOC % i
T 55 7 WE B R B ] R OG A OE R BN 0.96
(P<0.01) , ¥ X 4 S 0P 2 [E i s 22y 0.53 MgC -

-2 -1
hm™™a
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