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Effects of water and nitrogen management on soil carbon sequestration and soybean yields in wheat—soybean
cropping fields

LI Ya-jie', XU Wen—xiu", SU Li-li', WANG Na? ZHANG Na', WANG Ting?, HAO Wei-wei'

(1.Xinjiang Agricultural University, Agricultural College, Urumqi 830052, China; 2.Center of Spreading Agricultural Techniques of Yining
County, Yili 835100, China)

Abstract: A field experiment was conducted to study the effects of different water and nitrogen management on soil organic carbon, carbon
pool management index, and soybean yields in the wheat—soybean fields in Yining County from 2012 to 2014. Experimental design was wa—
ter and nitrogen two factor split—plot design, with 4 irrigation levels, namely 3000(W1), 3600(W2), 4200( W3 ), and 4800( W4 ) m*-hm>,
and 3 nitrogen levels: 0(NO), 150(N1 ), and 300( N2 )kg - hm™. Results showed that content of soil organic carbon and non-active organic
carbon decreased with increasing soil depth. As nitrogen rates or irrigation water amount increased, soil organic carbon, organic carbon ac—
tive and non-active organic carbon content showed "initial increase and then decrease" pattern, with the highest found at W3N1 combina—
tion treatment. Soybean yield was positively correlated with soil organic carbon, active organic carbon and carbon pool management index,
with the greatest correlation coefficient found in active organic carbon. Our results suggest that the W3N1 combination would not only en—
hance soil organic carbon sequestration and reduce emissions, but could also improve soil fertility and increase soybean production.

Keywords: water and nitrogen management; soybean—wheat cropping; soil organic carbon; carbon pool management index
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Table 1 Amount of drip irrigation under different treatments during different stages(m?*-hm=)

TR TN A2 3 2 IR SR it
Treatment ~ Emergence Seedling—flowering stage  Flowering—podding stage Podding—graining stage Graining—maturing stage Total
W1 375 750 750 750 375 3000
w2 450 900 900 900 450 3600
w3 525 1050 1050 1050 525 4200
w4 600 1200 1200 1200 600 4800
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Figure 1 Effects of water and nitrogen management on soil organic carbon
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Figure 2 Effects of water and nitrogen management on soil active organic carbon
f B S 4 b AOC i, S HAALFRAR HE, %2 ARKEEE L ERETERMOTL
N1 ﬂ‘}_ﬁﬂ%ﬁ iﬁljﬂ:‘ j:% ':F' AOC ﬁﬁﬂ"] iFR% , 1@ N2 ﬂ‘ Table 2 Effects of water and nitrogen management on soil carbon
PRI REdG o LR P RUE YIS R, SR AOC T management index
A6 A3, AF]T AOC FL S, W3N1 &b L Cﬁib’?:zfﬁpﬁl PREEYEIE B TE SR ﬁ%’iﬁjﬂpﬁ?
FT 43 AOC 38 , Mﬁﬁ%% j:igﬂﬂjj , j\j/ﬁ;%% Treatment index Lability ~ Lability index management index
AR R B B Al WI N0 LI8Ce  021Aa 101Aa  118.8120.04Cc
23 KEEEWNEHEKXE LIE NAOC By NI 130Aa  021Aa 099Aa  129.3620.04Aa
i%ﬁmﬁf}ézﬂﬁ qjj[:%ﬁ:}.ﬁg%néﬁ,fk \EﬁA,’%AI’* E{J N2 1.26Bb 0.20Aa 0.98Aa 122.71+0.02Bb
AL, BT SO s00 Y T o
ey oy e e .33Aa .21Aa .01Aa .89+0.07Aa
*‘Ey HERHST q:%\,; %ﬂ“ - HIl 3 i,ﬂ; %T{” Eﬁ% N2 129Bb  0.20Aa 098Aa  126.02:0.01Bb
3y NAOC 55 12t 2 Fe by B 5 2R A K A (1 W3 N0 130Cc  0.19Aa 093Aa  120.87+0.04Ce
I &AL AE e, H S SOC #l AOC 1281k NI 144Aa  021Aa 102Aa  146.920.05Aa
P IITE WANT 5 AL BA Sk N2 132Bb  022Aa 1.04Aa  137.2420.14Bb
24 KAEEMNEEKRE 1 CPMI I W4 NO  119Cc  02lAa 1.03Aa 122.400.03Ce
i%%%ﬁjﬁ%@—%@%%% \i%%}ia‘é%%‘: N1 1.28Aa 0.24Aa 1.14Aa 145.67+0.08Aa
@] , E?ﬁ?ﬁ Uﬁ?ﬁ%fﬁﬁﬁigﬂlﬂj} E@%{E&[Zg]o EE :J:E. N2 1.23Bb 0.23Aa 1.11Aa 135.43+0.01Bb
f 1 J8E pR = Lap PPN T FSUA NG FBERIR 22 57 1 25 (P<0.05) s AN [l K5 F bk R
@E’Ji&% CPMI ()72 4k fadhHIm] , B LAW3N1 ,ﬂ‘n BB im0, T
i‘jf-il%l 9H 2013 ﬂzﬂg%yﬂ%ﬁ?, Iﬂﬂ—tu 2013 ﬁs‘(ﬂ!“/ﬁgﬁg Note: Capital and lowercase letters indicate significant difference at

CPMI ﬁ*ﬁ7kﬁ%&i}$x‘j—/ﬂ\:éggﬁ ﬂﬂ . EE %% 2 EI%D , %%IE 0.01 and 0.05 level , respectively. The same below.
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Figure 3 Effects of water and nitrogen management on soil non—active organic carbon
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Table 3 Effects of different water and nitrogen treatments on yield and yield components of soybean

Ao Treament bk kR R R R

Pods per plant/f~ Seeds per plant/$ii  Grain weight per plant/g 100-seed weight/g Yield/kg+ hm™
W1 NO 15.62+0.12Bb 34.05+1.05Bc 6.07+£0.07Cc 14.68+0.02Bc 2 424.70+15.36Cc
N1 19.13+0.10Aa 39.76+1.10Aa 6.460.06Bb 15.00+0.03Ab 2 711.88+16.24Bb
N2 18.95+0.10Aa 37.29+1.20Ab 6.88+0.08Aa 14.92+0.05Aa 2 876.93+17.42Aa
w2 NO 16.13+0.03Bb 35.93+1.03Bc 6.32+0.02Cc 14.99+0.04Cc 2 612.09+15.48Cc
N1 21.32+0.30Aa 43.27+1.07Aa 7.65+0.04Aa 15.64+0.01Aa 3 282.39+10.46Aa
N2 20.91+0.20Aa 40.47+1.23Ab 7.49+0.05Bb 16.08+0.04Bb 3 156.17+20.13Bb
W3 NO 18.30+0.30Bb 39.85+0.85Bc 7.38+0.03Cc 15.97+0.02Bc 3 086.41+9.89Cc
N1 22.54+0.40Aa 48.98+2.00Aa 9.25+0.02Aa 16.17+£0.04Aa 3 741.23+14.24Aa
N2 21.84+0.10Aa 45.37+1.37Ab 8.43+0.07Bb 16.01+0.03Bb 3 522.91+16.28Bb
W4 NO 17.98+0.08Bb 38.56+0.56Bc 7.04+0.40Cc 15.79+0.03Bc 2 953.1718.15Ce
N1 21.1620.06Aa 44.35+1.05Aa 8.48+0.06Aa 16.04£0.05Aa 3 450.16£16.27Aa
N2 20.08+0.12Aa 41.64+1.64Ab 7.39+0.01Bb 15.83+0.03Bb 3 197.12+14.49Bb

x4 FESHETEENMEXE
Table 4 Correlation between yield and carbon pool management index
. EHATBLR AL BV P
Soil organic carbon Active organic carbon  Carbon pool management index Yield
+ 345 HLBK Soil organic carbon 1
WA P Active organic carbon 0.715% 1
TR ZEE FEHE %L Carbon pool management index 0.634 0.9943%* 1
7= Yield 0.726* 0.898%* 0.881%* 1

T % FOR WML FoR B FAKL

Note: * indicates a significant correlation, ** means a very significant correlation.



A, KBTI A2 SRR T (RS B 3 529

AT NN it F AL RE BT LU i SOC ) 75 1271,
IRA 2 E N R, it FAEIEXTSOC #1 AOC & 2 (1) 48
A B E Y, ARWFFEIN N, B it A AT
DI SOC #1 AOC (& i, Horh K& LB it A
JE(NT) B REE Jin SOC (R 2R, 5 W 4k 252 36 it A
HE(N2),SOC By AN [
32 REEEXMN T EFNBRENTERIED =K
A1

HFC TR A E B ED P = s i 5 AR 2
2R 5T B IR T K EARE 2R 3 A RN A 2B X R
FEVEI T O F s, HOK SRR S 25 ) AL
R H I F K R BEXT SOC S0 g4 /b, fir
HEMXTTHEAC/ N IBIFFR 6B, #E 0~140 kg-hm™ Jify
RIGH, Wi I B 23 SOC & s i Hh g (261
mm) 7] AT SOC 5 5, 45 /b & miaed i Y8 0 D) R A1
SOC & ™, SAHFIE LS RARBL . VLR IR 245
VEY) , 2 R REAEY) , A HVED /K /U B it 35 &
S A FH A 398 HLA 22 (A0 o, T L3 ‘B () /K 2
Jit 2R 4 T LA S A P 3 [ e AT 4R v AR e
1 Br

4 Hig

(DTEAF KRS BT, Bl #EK & A
AR, 15 0~30 cm -1 SOC.AOC NAOC 7
RIS AR, B =4R8I LL W3NT 24
BRI K

(2)77 18 = R 2R 42 W3NT 204 b PR
ST, B HTIE B A 7K R AL A it T A R T A 135
el , 1 HA AT 287K i .

(3) Kj=&5 SOC . AOC CPMI ¥JfE7EA K
#,HY5 AOC WA C R 5K, R AOC R E
FEFZI B P 1 =R

S 3Lk

[1]5F e AR, £ B Al 5 [ AR A S s (1], [l
Rh2#,2012,45(1):1-6.
QI Ye, LI Hui-min, WANG Xiao. Agriculture and low—carbon develop—
ment strategy in Chinal[J). Scientia A gricultura Sinica, 2012, 45(1):1-6.

[2] Zhang G S, Huang G B, Chen Y. Soil organic carbon sequestration po—
tential in cropland|J]. A cta Ecologica Sinica, 2005, 25(2 ) :351-357.

(3] Xfin, §1 B, B/ h e A HLRES E ML AT S0 SR ()], A= 2527
%, 2007, 27(6) : 2642-2649.
LIU Man—qiang, HU Feng, CHEN Xiao—yun. A review on mechanisms

of soil organic carbon stabilization[]]. Acta Ecologica Sinica, 2007, 27

(6):2642-2649.

(4122 S, T8, iein, 45 7 I ARAL S A0 i e R o g A Hl
BRI Al TRE3-4, 2014, 30(13) : 146-152.
LAN Yan, HUANG Guo—-qin, YANG Bin-juan, et al. Effect of green ma—
nure rotation on soil fertility and organic carbon pool[J]. Transactions of
the Chinese Society of Agricultural Engineering, 2014, 30(13):146-
152.

(5] sRmm s, BRI, 2Tk, 45, LA AL AU IERER ). b 43
SRRk}, 2014(4) . 1-6.
ZHANG Li-min, XU Ming-gang, LOU Yi-lai, et al. Soil organic carbon
fractionation methods[J]. Soil and Fertilizer in China, 2014(4).1-6.
[6] Franz C, Jens L. A new facet of soil organic matter[J]. Agriculiure, E—
cosystems and Enviromnent, 2014, 185 186-187.

(7] A7 3 23 KA [ Bt AT 5t o L - 3k I e U A 1 3 ) 0F
RD]. Jbmt: i E VR BE, 2014
HE Cui-cui. Effects of long—term fertilization on soil carbon pools and
enzymes activity of black soil in cropland of Northeast China[D]. Bei—
jing: The Chinese Academy of Agricultural Sciences, 2014.

(81K I, Wk, SR, LA AL 4y M AR A R 58
WEFE PR . B A A2 4, 2011, 22(7):1921-1930.
ZHANG Guo, CAO Zhi-ping, HU Chan—juan. Soil organic carbon frac—
tionation methods and their applications in farm land ecosystem re—
search : A review[]]. Chinese Journal of Applied Ecology, 2011, 22
(7):1921-1930.

(9] E &N, FJa JE, T30, 5. H50A YU T 2F e [J]. ROk B2,
2008, 25(2):48-54.
WANG Fa-gang, WANG Qi-ji, WANG Wen-ying, et al. Research
progress on soil organic carbon[J]. Pratacultural Science, 2008, 25(2):
48-54.

10 J 1, 20, Jal ) I Lo AL ) 32 S S ey IR 7 S G 5E ik
JE)]. SRR ERE, 2005, 20(1):99-105.

ZHOU Li, LI Bao—guo, ZHOU Guang-sheng. Advances in controlling
factors of soil organic carbon|[]]. Advances in Earth Science, 2005,
20(1):99-105.

(L1 227N, RRRAGE, ERIE, 55, A 3 AL s e D8 38 5T
1. TR X Al F5%, 2008, 26(3):176-181.

LI Xiao—han, HAO Ming—de, WANG Zhao—-huli, et al. Factors affecting
soil organic carbon in cropland and their regulation[J]. A gricultural Re—
search in the Arid Areas, 2008, 26(3):176-181.

[12] Wang C J, Pan G X, Tian Y G, et al. Changes in cropland topsoil organ—
ic carbon with different fertilizations under long—term agro—ecosystem
experiments across mainland China[]]. Science in China. Series C:Life
Sciences, 2010, 53(7) :858-867.

[13] 92, L SRR, SF. R R J O - e Lk
TCHUBRAN A YRR A 2 [T]. /K L PRagid i, 2013, 33(2):35-38.
ZENG Jun, DONG Bo, ZHANG Dong—wei, et al. Effect of long—term
fertilization on organic, inorganic and microbial biomass carbon in irri-
gated desert soils[J]. Journal of Soil and Water Conservation, 2013, 33
(2):35-38.

[14] FRAFEH, 2224, IRIIR, 55 MM /KRR B HLBR Bl FE A S
FHIE[]. Aol ABERF2224R, 2015, 34(4) : 753-760.



530

KA IMERF 217 M IRRECT IRE.

XU Xiang-ru, CAI An—dong, XU Ming—gang, et al. Characteristics of
organic carbon stabilization in paddy soil under long—term different fer—
tilization|J]. Journal of A gro—Environment Science, 2015, 34(4).753-
760.

[15] BRI, XK, BERRSE. AL X6 B A L 7 R HH R - 284

HLBRI L] L HEm AR, 2013, 44(6): 1403-1407.
CHEN Wen-ting, LIU Xiao-bing, SUI Yue-yu, et al. Effect of fertil—
ization on different types of active organic carbon along soil organic
matter gradient in arable black soil[]]. Chinese Journal of Soil Science,
2013, 44(6): 1403-1407.

[16] Powlson D S, Prookes P C, Christensen B T. Measurement of soil mi—
crobial biomass provides an early indication of changes in total soil or—
ganic matter due to straw incorporation[J]. Soil Biol Biochem, 1987, 19
(2):159-164.

(17188 52, $8KSC, A6, 45 KMt XS 38848 MBI ICH LR 1 52
M [J]. o E A 4 5 kL, 2008(2): 11-14.

ZENG Jun, GUO Tian-wen, BAO Xing—guo, et al. Effections of soil or—
ganic carbon and soil inorganic carbon under long—term fertilization[J].
Soil and Fertilizer in China, 2008(2):11-14.

(181 8F 3, 5k e, &k, S5 WEBRET O DR b b e ] i LA
S A R AL, P RO RAE, 2010, 43(8):625-633.
HAN Lin, ZHANG Yu-long, JIN Shuo, et al. Effect of different irriga—
tion patterns on soil dissolved organic carbon and microbial biomass
carbon in protected field[J]. Scientia A gricultura Sinica, 2010, 43(8) .
625-633.

(191 E B ZE 77, E2U, %5 KRR A E B BUS KX 2L R X 4

SEATHURRIE B R R S [T, T2 XBTSE, 2012, 29(5) . 883~
889.
WANG Cheng, LI Ning, WANG Xing-peng, et al. Vertical distribution
of soil organic carbon content in rhizosphere of jujube at its different
growth stages under drip irrigation with salty water[J]. Arid Zone Re—
search,2012,29(5):883-889.

[20] ArAesk, sk, £ B, 55 JEBRE R St s N A H 1

FEA LA A EURAPRL ™ i BSE R[], Bl 4, 2013, 22(3):227-
233.
YU Hua-lin, ZHANG En-he, WANG Q4, et al. Effects of irrigation and
N supply levels on soil organic carbon, total nitrogen and grain yield of
spring wheat on no-tillage farmland with standing stubble[]J]. Acta
Prataculturae Sinica, 2013, 22(3):227-233.

1] B, B &, By, 5. BHE T 2O ARtk I LI [ Bes0 1Y

ST Aol AR, 2013, 29(17) :87-95.
WEI Yan-hua, ZHAO Xin, ZHAI Yun-long, et al. Effects of tillage’s
on soil organic carbon sequestration in North China Plain[J]. Transac-
tions of the Chinese Society of A gricultural Engineering, 2013,29(17):
87-95.

[22] 46 58, IMIEN, Taraqqi A K, 55, ARFFAERT I &N -8 £ oK
SR IEAE R G0 T3 HUBRFIK 43 KGR A SE R [T, o A= 252
1), 2014, 25(4):1029-1035.

JI Qiang, SUN Han-yin, Taraqqi A K, et al. Impact of different tillage
practices on soil organic carbon and water use efficiency under contin—

uous wheat—maize binary cropping system[]J]. Chinese Journal of Ap—

plied Ecology, 2014, 25(4):1029-1035.

(23] AL, TRSCIE, IRIFIH, 5. SR IAL S DAL A5 P2l £ i
DXHZS A K R 4] AL R, 2014, 35(5):516-521.
NIU Hai-sheng, XU Wen—xiu, XU Jiao—mei, et al. Double cropping
zone change and its risk analysis in Ili River basin under climate
abruption[]]. Chinese Journal of A gro—Meteorology, 2014, 35(5).516—
521.

[24] #RIGFIR, #3015, 22T I 51a AN A $E VR IR 25 25 4[] T
BRIXAF5T, 2014, 31(3) . 472-480.

XU Jiao-mei, XU Wen—xiu, LI Da-ping. Spatiotemporal variation of
heat resources in the Ili River basin in recent 51 years[]]. Arid Zone
Research, 2014, 31(3):472-480.

[25] 3 o5 28, BRALZE, AR R, 5. JLsR 4R PR A&/ N -G I K

KA AR R B I ZRBESE]. T X AR B, 2013,
31(6):28-33.
ZHANG Zhan-qin, WEI Jian—jun, YANG Xiang-kun, et al. Dry matter
production and resources use efficiency of double —cropping winter
wheat—forage maize system in North Xinjiang[J]. Agricultural Research
in the Arid Areas,2013,31(6):28-33.

[26] #f1t-H. HERATITIMI. =R AT EAR O it 2000.
BAO Shi-dan. Analysis methods for soil chemistry of agriculture[M].
3rd ed. Beijing: China Agricultural Press , 2000.

R7EMIR, T 5%, #h/INRG S5 DAL X3 S8 e 3 A AL

TR PR A S (D). AR 3RS LR 24, 2006, 12(4)
459-465.
XU Ming—gang, YU rong, SUN Xiao—feng, et al. Effects of long—term
fertilization on labile organic matter and carbon management index
(CMI) of the typical soils of China[J]]. Plant Nutrition and Fertiliz—
er Science, 2006, 12(4):459-465.

(28] k5t e, BT, RIGE e, 5. AL XS 1A LAk & it B Bl A4 A
BASEIRD]. AYE IR SRR, 2012, 18(2):359-365.

ZHANG Gui-long, ZHAO Jian—ning, SONG Xiao-long, et al. Effects of
fertilization on soil organic carbon and carbon pool management index
[J]. Plant Nutrition and Fertilizer Science, 2012, 18(2 ) :359-365.
91X B, #8/NAN, Ch24IE, S, KMIMIAL ™ R L Py ke 4l & A Hl
Te 5 M FLVR IR RHIEL) . o FHAR 52448, 2010, 21(1):84-90.
LIU Hua, TONG Xiao—gang, MA Xing-wang, et al. Content and evolu-
tion characteristics of organic carbon associated with particle —size
fractions of grey desert soil under long—term fertilization[J]. Chinese
Journal of Applied Ecology, 2010, 21(1):84-90.

[30] w23, SRR, XUSCIK, 5. A AL b BE % R A6 2 1A 2R A
ALK & BEM AT, L3R, 2010, 47(5):931-938.
GAO Hui-yi, GUO Sheng-li, LIU Wen-zhao, et al. Effect of fertiliza—
tion on organic carbon distribution in various fractions of aggregates in
caliche soils[J]. Acta Pedologica Sinica, 2010, 47(5):931-938.

(317 BAR3CHE. AL X AN ) A AL S5 5 4 P b 1 e 0 A LB 1 35
SEFASZIAD]. ISR EE : ASAbARE R, 2013.

CHEN Wen —ting. Fertilization effects on active organic carbons and
soil structure in black soil farmland with different soil organic matter
contents[D]. Harbin: Northeast Agricultural University, 2013.

B21F i, EWEH, WM, S5 NEXS B 2T bR L A PLa R i



A, KBTI A2 SRR T (R OR ™ B 3 531

YL K 4 OREEI, 2013, 27(3):269-272, 288.
WANG Wei, WANG Xiao—jun, HUANG Cong—de, et al. Impact fertil—

ization on soil organic carbon and soil microbial biomass carbon in

trogen management patterns on nitrogen utilization characteristics and
yield in rice cultivars with different nitrogen use efficiencies|J]. Acta

Agronomica Sinica, 2014, 40(9) : 1639-1649.

[35] B e, HEAHR, SREEE, 45 KRB & /N - TR i LA A
HOSBRFEI. R E AR, 2014, 47(19) :3839-3849.
LU Li-hua, DONG Zhi-qiang, ZHANG Jing—ting, et al. Effect of water

Dendrocalamus farinosus forest[J]. Journal of Soil and W ater Conserva—
tion, 2013, 27(3):269-272, 288.

[33] SRHER], w2, SEAEME. il SR KX B PR30 DX /NS 77 A 0
AL AR A E TR SRR, 2000, 15(4) :808-814.
GUO Sheng-li, GAO Hui-yi, DANG Ting—hui. Effects of nitrogen ap—

and nitrogen on yield and nitrogen utilization of winter wheat and sum—
mer maize[J]. Scientia A gricultura Sinica, 2014, 47(19):3839-3849.

[36] XA . ANIRIZK HEAL BT 5 3 K FH -E 33 3 A0 M o M B2 et
FMA[D]. 2822 IR K2, 2014,

LIU Zhen —xiang. Effects of irrigation and nitrogen on physical and

plication rates on grain yield, soil organic carbon and nitrogen under a
rained cropping system in the loess tablelands of China[l]. Journal of
Plant Nutrition and Fertilizer, 2009, 15(4) :808-814.

[34] Pk ft, Phbelbel, 7R 8, 45 KRB R A ROR R A R
TR K= et R R D] VR 241, 2014, 40(9) : 1639-1649.
SUN Yong—jian, SUN Yuan—yuan, XU Huli, et al. Effects of water—ni—

chemical properties and microbiologic properties of soil on summer

corn field[D]. Taian: Shandong Agricultural University, 2014.



