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FEE LR SR B4 A Ak AR [T R AR BR AR I SR X 42, SR 25 18] 3 2 460 830 sF [ )0 370 1) O ik AR S e N A FE O R 3 A o
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Effect of cultivation on soil organic carbon and total nitrogen accumulation in

Cele oasis croplands and their relation to crop yield

HUANG Caibian'** | ZENG Fanjiang'*, LEI Jiagiang'”, LIU Zhen'”, AN Guixiang'’

1 Xinjiang Institute of Ecology and Geography, CAS, Urumqi 830011, China

2 Cele National Field Science Observation and Research Station for Desert-Grassland Ecology, Cele 848300, Xinjiang, China

Abstract: Soil organic carbon storage and total nitrogen contents are not only important indicators of soil quality and
sustainable crop production, but are also an option for offsetting increasing atmospheric CO, and N, O concentrations.
Cultivation often causes deterioration of physical soil conditions and reduces nutrient status and humus content, and
therefore is considered the main cause of changes in soil organic carbon and nitrogen. Most studies show a decline in soil
carbon after cultivation, averaging about 30% . However, some research has suggested that organic carbon contents
significantly increase after soils with low natural organic matter levels are converted to cropland. Therefore, soil organic
carbon storage and the dynamics of carbon change in cropland have become important issues in evaluating the impact of
agricultural management. However, many researchers pay more attention to changes in soil carbon stocks in the plough layer
than to changes in deep soil layers. Twenty cropland sites in the Cele oasis, which have been cultivated for up to 100 years,
were selected to study the effects of cultivation on changes in the vertical distribution of soil organic carbon, total nitrogen,
and available nitrogen by using the method of trading space with time. Based on differences in soil organic carbon and total
nitrogen accumulation, five sites representing 100, 80, 30, 15 and 10 years of cultivation were chosen to investigate

relationships between crop yield and soil organic carbon or total nitrogen. Soil organic carbon and total nitrogen density in
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the surface soil layers increased significantly with longtime cultivation. Soil organic carbon densities (0—20 c¢m) in
croplands cultivated for 100, 80, 30, 15 and 10 years were, respectively, 231.7% , 302.9% , 146.3% , 116.6% , and
130.5% higher than those in an uncultivated desert soil. Corresponding values for total nitrogen density were, respectively,
160.1% , 217.6% , 123.6% , 106.5% , and 125. 1% . The organic carbon density in deep soil layers (40—200 cm) was
also influenced by longtime cultivation, being 36.4% lower after 30 years’ cultivation than that in the desert soil. However,
in the 100-year cropland it increased by 52.0% . Similar results were not found for total nitrogen density. The C/N ratio in
the 0—40 cm soil layers of the sites cultivated for 100, 80, 30, 15, and 10 years increased by 28.3% , 23.0% , 15.7% ,
10.4% , and 6.5% , respectively, compared with that in the desert soil. However, the C/N ratio decreased in deep soil
layers of the sites cultivated for 0 to 80 years. Significant negative correlations between C/N ratios and soil available
nitrogen in the different soil layers were present only in the desert and 10-year cropland soils. There were significant
differences in maize yield in the different croplands. In addition, maize yield was significantly positively correlated with soil
organic carbon and total nitrogen density in the 0—200 c¢m layers, but a corresponding correlation was not found for cotton
yield. This suggests that increases in soil organic carbon and total nitrogen were very important for improving maize yield at

the Cele oasis, but this was not the case for cotton yield.

Key Words: oasis cropland; organic carbon; total nitrogen; available nitrogen; yield
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TR HIERA S EBE S T T 2 0E, A A3 A 4 1 8 16 41 a J5, ALK
TR 25% 39% F155% ', $EMEED 1 & B K AR B UL AR R I 5 10,15 .20 .35 .50 a ), %2 1
BHUR A8 3 B T 36% 47% 43% 57% 68% F1 68% . Bowman 251 I#5 4, FF B JLF-AE A B1E 00 T 4B
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— W55,
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A HUFR SRS 1% I 65 RASA HUT S X5 12830 0. 425% |, A LR E XK= A5 0. 154% 1 24 1
A HUBR A3 1 o/ ke, A AT HL X AR K77 5 20 m] 38 0 328 ke/hm” , 1115 55 78 HILJSE b X T K 7= d5 ] 448 Jin
176 kg/hm*™' | Pan 25 HF5Et % BUMEAE £5 70 F /K R 48 7= 8 A HLAR ARG R s MEIE A G . X8 S 4
AT, K42 Fh e R 4R (E R AR B9 i I - S0 BE 1hi ke, IR 4 7 F B i i o L SR 2 s AR Ak X A 4
A 7R R AT AE IR RN, H AT EEAT 0GRt ASHF 58 LARS SO 3 Vb 55 g 2 SR ek I A T 2 IX 48K, 28 B
5 MREARIFF BAEFR AR, iz FZS [ A0 A i 18] 7 80 09 07 s, et 1 AS [l B AR R A 4 o A 4= 1Ay
HUBR | 4 BRI AR & 3 BLA A 25 53 R T I Rk AR L AR 7 e A R IR 45 SR X S A
M+ AR s A = i i A R L,

1 #RlE5RFZE
1.1 W5

WG X I T3 7 Fir 35 T V0 1 % b B 3R h 4% 9 (80°43745. 9"E, 37°01'20. 7"N) , ik M 1340—1380
m, JZHL X8 TR A B T R X AR ARIR 11.9 °C L1 AR IE-11.7 °C,7 AR 25.2 °C ;i
e 41,9 C, Wm iR <R-23.9 °C,5 M7 A BRI REAEXT 2 (R RERD, G R IX AR
BIRE K AL 35. 1 mm, AF¥Z8 & 153k 2595. 3 mm, ZAEFYTCREHIZIN 209 d, SR EHERIN SN E S AL 75 1) A 2
PN -VD T T 2 T R X, A 0 LA BE BE ] (Alhagi sparsifolia SHAP) #£9% R, IR A F /b B9 AR HI
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( Tamarix ramosissima ) FI{EALSE (Karelinia capsica) , G52 20 38.9% , ¢ H AHIELIRD + 0 3 IE D BAK, A
PUB & 20 4.27 g/kg, VA W B & P XIE 30000 0.38 .0.67 (15, 1 g/kg, USSR AL B | 2 A B
FrRAHN A 14.5 8.3 122 mg/kg,
1.2 BTk

BT Ay T T RO AR S 3k R I — PR SO R 4 8y =X iy A
SR K ST /K IOK I RE e T USRI 5 2 4ETF BRI 22 AN K Ak, R TR EEAN ], Rk
IR AN S5 A R R B, i A B -9 i 22 S WA o, ELAFE R WD A R A7 PRORT 4 M98 i i P9 5% il 5 Ay
M

AR T LA [B] 07 B 45 S8 I 1) 22 57 1) D7 ¥R E 8 AN ) B AR PR A - Sk U 1 9 A2 Ak, S BB BE 4 %)
AN [F)AF FR A FH A 80 SRR 2 S AR 4 b e 8 e R L A ) e B Ml 2 W AR [R) JF AR R 11
A HRE 8, AR SRR 1, B T AT T B, F BT 20 a 2247 FEERE FOK I 3 a 4300
SEAMAE/INAZ R T K RE S T T4 2, JF R 10 a EERHE EK UL 3 a AMRAEIENE FEA VATV LT3
LN SR 1 G, PR DT SO KN, RSN S M BT B A TH BT e — SR AR SR ) RE s (VD) AR
JFRETH A RIRES

2010 4 3 FAVEW R , 768 E s BT 23 ) e BROT BRAEBR Rk A4 BT AR 19 4 Pl f ek
H A — A, BEALEERL 3 A BUREZRBE 4 200 em, 5 20 em Ky 1 ANEE MR+ 2 IRAE—E . S5 ULRIn 25w ,
[FFE 20 em 2 1 )2, 100 em® B ITHCEIMGE RS T, 3R AT 035 | SR FHAR TR NN A8 5% R B 4L TR vk
TE I LR ; 42 R Rl B RVE I 5 3 5 7 2R e 78 1R L D 7E

F1 DR
Table 1 The sample plot situation
%i*% Number TRRAR TR S H 943 ¥ Geographic location
Years of cultivation  Cropping history )5 Latitude  Z5J% Longitude
I 100+5 5P WY 37°0.8’ 80°47'
I 80+5 oK, HRIE 37°0.2' 80°45'
| 30+5 Tk, AR 37°1" 80°45'
I\ 15+2 K 37°1' 80°43’
\ 10£2 Tk 37°0.3’ 80°43’
Vi 0 YR UEH Alhagi sparsifolia, 16465¢ Karelinia capsica, 37011 20°43’

M Tamarix ramosissima

FRAE - gm0 S 0, 7R B BURE s e U AR Rl i — B I, AR 24 0.2 b, 4 5 55 R 25— SCAD
J9: 1(100a) [ 1(80a) MM(30a) IV(15a) V(10 a), BRHFEHI N2 63, tPlE H 2 m SERYPRE T BRIT, 43
SRR TR AREAE . BT RE L Fb AL ] — S AR AL 0 K i HE 9 /K R R WL A% B S e R — B, ARAE B
b oy ki A | 38 Fh BTGB R — 4% 150 kg/hm” FIAR ZZHE 15000 kg/hm?*, 73 597 B W R0 4L 42 11 98 7K I 36 it JR =
225 kg/hm® , &AM KI EHEK R 860 mm, T K FhFP LT 2002 , #EFhFTIEA Z AL 15000 kg/hm® B4~
KPR K 300 kg/hm® K 800 mm, WORBIAEREA/NXIEE 4 A 1 m?/NETT  THEEARTERFAR AL E KT
AR o
1.3 kb

A R R BB — R RO IR AR I E R b, HOONS HIRARE MR S %
TS, A IR & 4R B A A o8

SOC.= B.C.H.

HXf, SOCFRE i )2 HIERRE A ; BAVKR R T ( g/em’) 5 CAVEHISS i (19 HHEA DT & A5 h s
HFR TR, HT>2 mm 8ha JLFRA , X B+ ZEER 20 cm,
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Bl R SPSS13. 0 B PR BRI R 5 2270 (one-way ANOVA ) FEATAN [R) R b 18] 22 57t Wi S PEAG 0
2 HREHM
2.1 AR LR 18 | 18

1 AT B I 0—200 em LA o8 151 ¢ . s 8
WK RAFRIEK &En, SAFRIAK LR 25 0§ . g

(VDA T T VALV S L8 40 30 T ol . LI
94.9% 39.6% 16.2% F 7. 1% , 45 55 & 43 3 i 03l ﬁ ﬁ ﬁ ﬁ ﬁ D 12
T 87.4% 50.4% 39.8% Hl 17. 0% ; Il 5 Hi A HLIK % 0 0
FERIREAR T 12.1% , 2F % E RN T 3.6% . WLUE B1 0200 on 4 EEHERS R RS
TR BRI EIR A A H o S R e T B, {7 Fig. 1 Changes of soil organic carbon and total nitrogen density
TERYPIN (N AV ) AR, R ABEMRAE 1) 0—200 em soi tayers
F(anl) o
2.2 A MR KA AU B T A AR

F AR 438 ( VD) A7 RS %% B A6 T B 7 a1 2 A/, R UR BE R 2R )2 10 R /INIE R R, 78 60 em LAF T
FaE (R 2), PR R MG, A S AL 0—20 cm + 2 BEHM, 1 2V 5 HA HLER S B 43 58 m 1
231.7% 302.9% ,146.3% ,116.6% F1 130. 5% , 2% BEAWAH RN I IN T 160. 1% 217. 6% 123.6% ,106. 5% Fl
125. 1% , 1£20—40 cm )2, 1 154 AR 0% BEAT) o 3 s 1 A AR 88 e A S AR BR 8, 7% 40
em LUF )2, SR MR B, S T AR T552.0% , 558 I8F AR 48 36. 4% , HERE AR
/N, EREEHARE,7E 40—60 cm 12 T S BB ER AN, HERESBMR/N;60 em LT HEAR
Rl AF B A AR AL SR B i, X e BATEE - BT B ok HH S, BT B AT BRAE N RE i 38 in 28 2 + 1 A 38
R R 2 3k R —E IR R

Total nitrogen density
Organic carbon density

Soil organic carbon density/(kg/m?) Soil nitrogen density/(kg/m?)
0 03 06 09 12 15 1.8 0 0.05 0.10 0.15 0.20
0 T T T T T 1 0 T T T 1
20 20 L
40 + 40 |
60 60
c 80 80
o
£
oy L
g 100} 100
120 120 |
140 + 140
160 160 -
180 180 A
200 - 200 -

2 FNARRAFNREERZTEZES HIFE

Fig.2 The vertical differences of soil organic carbon and total nitrogen for different oasis croplands
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2.3 IERRA L MGEAUA T R AR

it 145 C/N 7E 0—60 em T ZZEME/N(T7.4—7.6) ,60 em +JZ LT BhER 00 1.8, 728 55 724K
H}9.2% (K 3), JFR G, BEFNAE AT ] #E K 7E 0—40 cm GEBE N, T —V S5 915 T e+ 4 28. 3% |
23.0% \15.7.10.4% 1 6.5% ,{A7E 40—60 cm R FREFFH2E B8 1, 7F 60 em 2 LI AHX TR
B, I —V5H C/NEHE SR 12.2.10.2 9.3 8.7 F11. 1,2 F R EHHN KN 1.6% 7.9% 3.9% 6.8%
M6.2% , nlLIE M, JFEXT 0—40 em £ )27 HLER BFUN AL UV AT &R, T B AR FR A i) s B 5 X
W2 AR BRI E I (HF B 100 a 247 AR B DI

C:N ratio Available nitrogen content/(mg/kg)
4 6 8 10 12 14 16 0 7 14 21 28 35
0 T T T T T ] 0 T T T T 1
20 20
40 - 40
60 60
E 80 80
£
&
O 100 t+ 100
120 120 HR
140 140
160 |- 160 [P
180 - 180
200 - 200 A O

3 TERALRENRSENEETUHHE

Fig.3 Vertical changes of C:N ratio and available nitrogen content

B S BR B RG I G BERE -l (VD) B8ORS s R R 7E 120 em REDL N & THRE, FRERR 1A
SAMTE 0—20 cm Fr AN T 42.7% F16.9% 4b, He L )2 FFEHLTE 20—80 em YA AR T %, 76
100 em L2V, [ SHEHA 1R B3R B0 G hta 3 e mE i e Sh v EASB IR BB/, 38 H A K
T IEHSRE A O C/N B YIARDE A ] + 2R & i 5 C/N - TG AT (3R 2) 45 SRR AR V
5 VIS5 1 =35 iU R OGO OB RE A O A GG &R
2.4 IR R B R T

AN [AAE BRAR AR P2 B KNI R TT>IVS 1> VST ER T ATV S =i 22 3R B4, Heg BE g ik
WA (K 4) o R 5N ] AN [R) AR b ) 22 53 2938 W 2K, KOMBF AR 1> 1T > VSIS, XHE
Py s R 3R AU T 0 S A T AE OGS B A B, AN (R4 BR A HOFF Al P 5 5 0—200 em )2 A BLAR A4 AUt it
ZIBRIAH PR 22 MO REL(R) 43900 0.32 F10. 43 ;5 T K= i & B A OE, R {E 4354 0. 90 ( P<0. 05)
F10.88(P<0. 05), " LAE HAEMRES B /N TS H, B3 A6 oK 7= s 24 51K, (H N Bk B 380 A 22
FEOGT K 7™ a9 52 0] B I 2 1 T AR AL
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12000 O
2 AELETEBALNEZASENER 10000k } B
Table 2 Correlation between C:N ratio and available nitrogen &g %
content for different oasis farmlands éa 8000
FEMAR S S HXRE(R) 3 6000 a b
Number Regression equation Correlation coefficient > 4000 - c q D cC
I y = -1.21x + 23.3 -0.455 E
I y = -2.02x + 28.0 -0.244 2000
I y = =5.47x + 54.3 -0.514 0 ( ‘ ‘ % ‘ F% ‘ ‘
v y = —0.58x + 9.99 -0.097
\Y y =-1.63x + 19.6 -0.646 "
VI y = -3.02x + 39.5 _0.874"* B4 AEKREBEMEKRTEEZR
% 1£0.05 K FEF B P<0.05; * * 7£0.01 KFERFHE P< Fig. 4 The differences of cotton and maize yields in different
0.01 oasis farmlands
ING TR R A B 5 (P<0.05) K5 5 B 475 TR 7= it
] 22 5% (P<0.05)
3 itig

A GORL R BRI AR AT A B L S HLAR REU I AT 3K 100 em ™' SO WFFE R IR A 7
ORI A DL S BRI 2 AT 3K 150 em!" o ACBIFFE 3 W, e VR B o) A 4 0 R A FR T B S A
Ja , RFEHINT 0—20 em 2 ZARECRB, T BRI, T B 80—100 a XS 40—200 cm +J=
AL RARMA —E A EVERT (B7E 30 a ZEAI AR B IE . Al LA, S T 32 R A LR A 4
SRS ACARMEAERS Sz e A B E Bl ok e BRI X5 R AR A M AT B S OB ST 4G
B, RN AT RER ST A WL AN B W0 A (AR, O B2 i e A T 9 e R 18t I R TR 25 £
$em TR A I RS AT AR ARG , 55 1 B2 A ML S AR TG R 2 A LBk U B
f o YRR A e R0 L A HLBR T B0 B B ELEE TN R RO R A AEARE i 2 1k R i, O LI
PR TR R AORRIE BT IR A AY 3 FAE Y D L FORAR R A R ORI ER Y B A B
T RN BOE TR K LR B 7 A 45 A R R A U158 1207 TR AE 26 7 th W SR A O B /N2 R
I, JF B ZAF R TR /NAE - ORISR AE- FORFIAE MR R 0 2 A DL A — % 2 BEVEHT, T OT & 30
a ZeAv A TR A HLAR 11 [ ] BB 3 JLAF KBS MR AE A K

T C/N R L4 C N B IR O A E 2R AR, 18 LA ML o i vh B L EAE L AT SR
W1 BFZ C/N BT BARFRAE B AT N, 60 em PAF 1JZBR 100 a ZeAq BUREGUA HINAh BRI R T3 £
HOFIF IR TARE . X Sl 7RISR B > I B A AT B, T RS DR S M R R AR R AR B L
B AR X BRI BE PUE 1A LR 823 T ECR ALK S AR S AR R R A (A
%, T B PR 7 0 FIAR 2R 035 B R IE A LA IR 25 4 P L (B Pl TR AR SR R, R B AR 0 Ak 1
TERTIN [R] N X T J2 R HMATRA R . B BAR 1 SRR 2 5 AR A B4R, L DR 3 AR BB A ORI 9, iz X
U PR ORIENE 22 | 3 rp AT P R A2 RERR T B AR AT , 22 Botkiss 21 F = 1301 R2BUER
PR, S sE LT B 5 0 B2 A AL A5 e 2 X R AR R R, ETT B 10—80 a MIIAIX 2 14
RR BB I S

X —HERE 1, C/N BEA g — 40, X R A LR & K P AR R B L O T 3 P RS [F]
PR BT AT RS SRS A RS W] 3R RR AR ) 1 AR i B S AR DG (AR SR I A
SEEAR A LR S I )RR KT, PR Z R — R B AR R I, AN )2
AT RS C/N AERE R AR H ((1022)a) BRI B E MR, BHAMA TR 11
AU HIE PR A 3 P IERL AR B, AR 5 AL S AR , 32 - SRS R P A7 (3 B B e
R eI AE ) Rl 2B A BRI AR T, A0 TR BE /N, 13 /N HE(E /NS Ak 37 7 23 I
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~E SR T G SR R BILBR A P S TR IO A S, ARG I b S A AV DU 55, R, 3% C/N
TR S AN SE R R o BT BAFFRAGIE IS, 32 AN TG NE | TRE T8 A S5 Al A 7o R i P 52 iy 348 5
R k)2 18] eSS A R 3, DT AT BB ) AH SEERR AT

PR 25 A A PR i 12 9 W S A8k 1A HILAR F) 2 285788 P SOH G e 2 i - S8 i e 1 2 ) - g 1 7™
1 ASHEFE R AR B AR BRAR A LA A 4 EUE A 5 oK 7= S TR AR G S AR AR P A DG M
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