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1.1 HRERER

P | S Ay NS o R 1 O B S S P ER VAT S AT VA R S A AN =Y
M BEAKCRE KRR (125.06°E, 45.40°N) , iZIXHikb
PP R PEE, T8 AR f v R A R 1 2 U A, AR
BN 370 °C, FHHKEN 425 mm, FHEREN
1 800 mm. T35 A R TRFT A B A L ANRAL B A L
BEX oA, BB HREWPNERMSE., TR 115
FEARFMEF N: pH 1E 9.56, HSF 6.23 dS/m, SOC
N 6.36 g/kg, AT E 037 gkgo
1.2 Rt

RIRFFA6 T 2000 4F, k5 - BAF PRI R B 4 M absE,
TFREE S A VLA, FFy AR EHAENE Sa
(YS) « JEHENUAE 9a (Y9 Fljt HAEHUAE 16a (Y16) ,
DA Jii JIE ) - 3 At B AR EE (CKD o /NXC R BEALIX
Miit, MARH 3 RER, BANDNXERN 65m®, H
HZEK 10 m, ZB%E 0.65m, 3% 10 ZB. AHUIEMIIE 24
M43, FERMFEDEEN: AHUR 33421 gkg, &%
11.21 g/kg 427 10.67 g/kg FI4 13.85 g/kg, FHEFKE
TR 45 m’/hm®. R A TR CFF 288) , K
T PR & 450 kg/hm?®, ToKAEE WA LR . Ek4
B ARG, DX A EKETEER AT EK= &0,
FH7 SR E PR AT kg/hm?
1.3 TIEHREESHE

TIEFER T 2016 4F 4 H FORSFEMRETCRE, BMNAK
INX 3 HIRAE 0~20 cm H1 20~40 cm 2 ) 35K 5
B LR S PE R 2 om A EEIEE, & AR,
51, BIBRAEYIRIASSMRY) . 1E % A B G KA AR K
FJa, EAORES B 0.25 mm 77, BT SOC M f H
B BN E 5 4> BE L 0.10 mm 7, I 3% 8% Cyoc
B € o
1.4 MEHZX

13 pH & 5:1 /KL, RH MP512-03 B4k % pH
SAHACIE: SR (EC) %A 51 KtH, XH
MP515-01 K52 B G AN & . T3 UL 7K EUR 7K
R AR e R AN E 105 TR,
2.50 mol/L 1] HoSO4 7K, 45 0 EIE R ALTEE 1A LAk
WI5E ;s TIERE 2 13 mol/L HoSO, ZKAA, #1451 43 I ik
BERRPE T AU E s 5 1A WK & & 22045
AWK RS A PIRE > & KM Analytikjena 2100s
multi N/C 73 G T I 3

+:3% §"Cgoc 18 (VPDB) FIH Finnigan MAT Delta
Plus XP [F7 2% 0 il G AT 2 - A &l 58 50 75 A HCI
TRALER 12 h ZFRTEHLER TP, S8J51E 1020 CHIZEE IS
TR R A M A T4
1.5 TIEBNHREEITE

SOC: = 3 SOCix pix Hi (1-2mn/100)/10

i=2
A SOC, N HIEH NI E, thm?; SOC, N i )= 1%
UG &, %; p NS i BIEEE, gem’s HNE i

FELEREE, cm; Owe HWZE=2 mm MERA SR, H
T ERBR X BR AT B ARG, A AE R R
1.6 TIEBNEBKEREITE
MIE AR T BRI TR R, BORERME GRAN
PR BHZFNB L b, SR A LR R A R
A LA NRR, EFERIET ORI
FIEE RO L 15 AR 8 Csoc 15 FKM 8 Csoc
EAEBKRZES, Frolshi LT BME KRG, SN
T LA R HUBREEAT TR ALAR I . W] DURR AR )5
B ERE, FIHAR (1) 5554 oK,
A BB R IR T R B [F G A LR TR R
HUBR g EE A5 11,
85=15,+(1-1)8 ()
A 8 MERHL B IF BA A oK S LA ML 8°C
A, 8, NFEKSUCHH, 8 NARIF BB 5"C 4,
SFRRIET FARBRAR A DI 5 LA PRI B, (1D
SRR T ERT B A A LB 1 LA
XA RIA VBRI AR, FORIEFENLEKATH T
Aits
SOC aize=SOCXS (2)
SOCyrigina=SOC* (1) (3)
" SOCmaize SOC rigina 73" I T A UEAN #h Bk - 2 A7 7 Bl
WA RO LES], SOC AIEA NS E. X TAHALL
B, AHUERIER SOC W F A WK 5 EA A HLxk A
TRV WU Z 18] 1 22 (E AT T 5

2 HR5iR

2.1 TIERRE MR MIEX K E i A A HLAE A AE R

FasE AL &= AT e it SOC SRR, o) fftFe i Je 135
B A A i 2 FE . DR, I N e M R A &=
BoARH T MU 5% L BRURRAE BT 7l K300t
A HUIE S35 5 LA 3% 8 Cooc 1 (B 1D, R 9:
AHEEEE, 0~20cm T2, AE YS, Y9, Y16 [ 11E
8"Csoc H BB T CK ALFE (P<0.05) , &B:IE4b i
REERAREE, A+ 5 Csoc H 5 PEAFE PR FIHE In &
PN a3, X5 Ma ZERPY0F 5 45 AL 20~40 cm
R4 8 Cooc MEAK T 0~20 cm 12, {H &b 3 {1 1
1% 8" Ceoc MM EZE & T CK &F (P<0.05) , &Rkt
HE 8" Csoc M EL CK ALFEIE N 1.87~2.43%0, KT 0~
20 cm LRI R, HLA& i ARAE R IR -3 81 Csoc 2
Y NTE

REREHER) 8°C A ZER K . — MM &, Cy H9 87 C
EAE-9%0~19%0 2 [, “F-3IN—13%0, C; ¥ 5"°C {E1E
—23%0Z—-40%0 2 [, “FHI-27%"""™, 3 §°Csoc H
SH ERIAEKOREER 88BC M, —RgET
Mt 8C 18 0.5%0~3%o, [FIIF 2N AR, RS
FRE Tt A 0 S 2 R R (2R <3%0) 1,
WIS X RATHbR B A FER (C YD), CK Ab#E 0~
20 cm 12 8°Csoc 1 -23.72%0, C; HEHI/E SOC ) 1%
K. FREMEIR (CIEW) , EXRFEFENFEEL,
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FEH R R T R SR, X B E S 12 SOC 1)
b S Eﬂi%ﬁmﬂlﬂ 16a J5 0~20 cm )21 20~40 cm 1=
2 88 Csoc Ml 20 MM N 5.35%0F1 2.43%0, Tt BHIE Cu AEHIRH
FE R P A= 26 A R 1238 8 Csoc M EZE WM, X5
Dou 21 Zhang 256" 70 45 AR — 3K

Kb ¥ Treatment

-30C10~20 em ZZZ120~40 cm
i FAAGFRERA LR RRLRNEREE, FA.

Note: Different lowercase letters indicate significant differences between
different treatments in the same soil layer, the same below.
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Fig.1 Dynamic of 8BCgoc in different fertilization treatment

2.2 AHRBKEAE R TIEA YV ERRIER £

JF 46 2h 00+ AR 87 Cooc 5 R KM
8Csoc M2 AR, MR By 1E FE, Wit 58 ok
TEA MR 5 AL . ARBF 5T LAIF B 9a FiAE ROk, H
it T WU AE AN Bt A7 AT AT Fe) Ak B Ry ok FR L 45 SRR . AT AL
Bl 9a 5, LR HLAR SR R IR T KR AR TE 1 EL A
N 14.36%, SKRIETF A VLRGN 25.92%, #hok 1%

JRE BB LEGIN 59.72%. FHABLRIAT FEAE o [ HoAl X
I FF JE : Zhang 25U IVE VL PG 4139 K31 5 0 92 56 04 11

W R, A NIENE 1a 5, FRBEAE PR K 5]
2179 11.00%, A HLAEIEEA Pk ELE1 294 21.00%, H
T 9 45 R 5 AR B AT, (A HLAEIE A HLEK 1 LG 1] B A
TFAHE 5T, o JR R AT fig 5 A 7T b 8 i A HLIE i
HEAMK; RTEPIW AR, ARMEEITRMEE-E
PIAAEY) 9a J5, RIET /N K B KB HLEK LL 1 25
12.00%, HT—FMENFED, BORIET T KME
MLBs LGB T A 55
2.3 KEERAVEX LIEEHREE ST

T IE VLR BN LA AR 1 358 B YR ) 5
SN A& T FEREA LRI, SMERR K4
NEAWHI, AP BIR 2 Bm, w2 fr
R, 0~20 cm 12, Y5. Y9 FI Y16 AbFE )+ A Bk
SEPEHL CK AL FI8 0 49.81%, 47.51%41 68.99%. 77
ZOMrEEREW: 0~20 cm 2 AP L BE R LR
IR, Y16 AbEERIE YIRS AR i, %
AEALERA MR 2 B35 5 2 = T CK b (P<0.05) 5 20~
40 cm T EMHE N E S 0~20cm + 2 AL, 255 AL
PR HURK P IR 03 T CK O ALEE, SR 10 25 55 IR AL BE [A]
MUK 2 A B .

AN KA AT S 2 48 i -3 A L o2,
LB 85 AR B B 3 n i 36, A R A ALk %
P HUR M EB KSE RN 1.33 thm®. 2 2% 78 Hith

DX 355 th FF R e AU 7 o 0 i B 50V T A S 36 3 PO
FEERRH, BAGHIEAE 14a 5 HI3EH WK S B b A5
JER Y 53.80 t/hm? #8013 62.90 t/hm?®, A HLHREHE K 5
2 0.65 t/hm® s 1k 250V 7E TR T80 S 56 il R F e R e
WRHIEANIGIE 25a Ja, TIEAVIBSEEH 44.50 t/hm?
HEINE] 60.5 thm?, A HLERFEHKIE R 0.64 hm®. FILLEE
ME, Eh I HUK R KO R KT 2 R AR 1
P KER, XRS5 2t (281 gkg) FFERIE
(15.91 g/kg) KA 52 A7 56 1 i B 4 e 1) L 3 HLB 75 i
FEYIM R

«®©
=4
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Fig.2 Dynamic of soil organic carbon density in different
fertilization treatment
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2.4 KEAEABHER SOC BESTIEENKRZED
§9un

S A WUBRAE N I B RIR 5 TRV
WA . BHEEEE, 0~20 cm 12, 4 Y5, Y9 M
Y16 FIE M 1A P E R #E &+ CK A (P<0.05) ,
FiEA A ERARE (K 3a) . f£20~40cm T2,
HIEME T AN ST 0~20 cm + )2, &t Eab IR %
PE T E R E R E & T CK.

TR 11 A MUK o R AT iE e T A PR &
WA PR Z 8], KM, (EXMERE & a1 ALK, B
T AR A LR . S KR E HLEE R, +

HETE 11 A YIRS L IRE 2R BT PR, BRI
SERRIG MG & i 3b BriaR) o £ 0~20 cm

T2, BIEAEE Y5, Y9 Y16 3G 11 A WL
JE L CK AR 5340 5.64. 4.18 A1 7.07 t/hm?®, J5# 5%
Wres R, LA EE g 1 GHREERE ST
CK 4bHE (P<0.05) , #hEfEAb A 2R AR E . £ 20~
40 cm )2, LIEE M T A VR E R EKT 0~20 cm
T2, (BRAFEEE 1 AImEELEZE ST CK
¥R (P<0.05) .

TSP HLAR DA ALK AR K AR 4, EFEHR
JRE. B 20 & 2Ty, 1E SOC B&f
BT o BRI R o A AL A it s i) - 338 45 A ML
BT, WP 3¢ s, £ 0~20cm )2, Y5. YO Y16
WERITEEE WU EE Y B & T CK 42, H Yle6 &b
BRI PEA WLk 3 = T AR AR (P<0.05) o 1E
20~40 cm 12, BTG MRS RS T 0~
20 cm )2, Hobi AR AL 3 PG HLBK S B 2 = T CK 4b
P, AR AL B A 22 R AN
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a. LIERRTE T AT LR L

a. Soil labile 1 carbon density

b. LG TG PR
b. Soil labile 1 carbon density

c. THENTEAT LR L

c. Soil recalcitrant carbon density

B3 TR LIE M 1. 1A AUBE Aol M HLBR 58 B Ak

Fig.3 Dynamic of soil labile I, IT and recalcitrant carbon density in different fertilization treatment

A HURR 2 E F H YR T A LB A5 2 o R ) 4
s 253 %of E 38 LR 25 FE 38 N i STk 15 ok (R
1), 0~20 cm )2, WEHEEHBSENE T AR 1%
TEPE LA, BT LA HLE ARV U STk KR,
MR A E RIS A PR TR K 1 20~40 cm
T2, W T AV TEE A MUIE T T AL, 1k
FHIES 0~20 em L2 A2 5, 16 11E WU TRk R .
B LI B WU S 40 BB 2 1, Lo Be R AE A
ANFEX IS 2 5. 10, Dou 52 7835 Mk A 104 (T
REY, BLAHEE 25 5 HIEEHEEH
49.50 t/hm* #4013 56.10 t/hm?, H. & 204 v LIS VA WL
BRI A, DA S A AL 4 0 A
Zhang ZMOBF R R, KEEIFRE AL H 60 a, WFE
Y AEA PR, 0~30 cm )2 P 135G B2 B 1
h126.00 t/hm?, Hr g I 5 1R VR HLBR 55 1 43
SN 3.00. 3.00 A1 20 t/hm?. A HLEAC)S LA YIRS
V5 e S 4y [0 B 38 R 2 1, LR R — D T D AR
A e YR A0 o7 i N ) - 3B — Ty T e A WL
BEME B IR VAR R AN VE P I8 + 3R B R D Bk,
PR R PAREMARENS ER S, T
PEHERIR I LLE] s [FIE, 2R 0 N S a3 - 35
2R LR SOC M4kt X fE— e fE R B et T
A MUK i o

x1 ANBRSESBEERS TRBNREERI LS
Table 1 Contribution rate of each SOC fraction to SOC density

Xof - AT BB 25 B 1Y n DTk %
Contribution rate of each SOC fraction/%

TEHRE

YT ;i =y ;i
Depths/cm Treatment & [ A HLEE PR AR DL
Soil labile I carbon Soil labile 11 Soil recalcitrant

carbon carbon

Y5 39.95 36.53 23.52

0~20 Y9 36.60 30.62 32.78
Y16 30.94 32.50 36.56

Y5 27.80 2691 45.29

20~40 Y9 35.00 27.87 37.13
Y16 31.13 34.95 33.92

RSB AT L, 5T ER A S A L I B AT LA v
TNy, SR K P R I BRI, AT
SR R A7, R IR A BRI DI RE -

2.5 KHkAAIENER=EMFE
KA L IE &2 5m oK & (B 4) , TRV &

B 5 AEAE PRI i 2 IS S, Y16 AR FOK i
F, HGE YS A1 Y9 AbEE, CK ARFER K= i,
X5 Meng PR LE A8 T EO M REN:
FREEALFE K P ) B = T CK AR B, B3 JIE AL 2 8] DA
Y16 AbF = 2R e

—~
a“

12 000

hm
i

" . b
= < 8000
34000 H

0 L

CK Y5 Y9 YI6
Ab P Treatment

oK)
Corn yield/(kg

A4 R IR T E T
Fig.4 Dynamic of corn yield in different fertilization treatment

2.6 {<HEAME R AR L IEERE RIS

K it F A HUAE SB35 52 -3 dhml . 123 pH B
HUAE i FH 45 PR 3 n 2 30 i 3 gk i A8 Ak %, CK i 3%
pH 5, A Y16 111 pH A% (& 52) . HiFA L
RS AL EE ) 458 pH ¥ B EKT CK b2 (P<0.05) , %
JtE A AL B 2 R ) - 3% pH Z R AR B .

TR FERS pH BHMBEKER (E 5b)
CK W SR fm, HUCRAPE Y5, Y9, M Yie 1)
HLFRR K. @G Hr a0, A A AR & A3 F
SF 5 CK AEEEEER (P<0.05) , Tk HAHUER
FRER ZERARE.

AL, CRAAENLE IR, 16 L3 LR & g
hn, R B R A A, R R R R R A
MU AT O HHGEE M, FITRE LIRS W R T2
WREEPS, TR A LA R A LA 50 o R TR B HLER 7T
DA FAAR =398 e (sl 4 7

12r 4 3
a

e ol ¥

-1 m &

£3 6 298

T > <)

s 251
=3 Hm by
0 . . . ) 0 RN ==
CK Y5 Y9 YI6 CK Y5 Y9 YI6

AbFE Treatment
a. ANFEIRF L AL 1 S p H A 8 10 A5 150

AbFi Treatment
b, AN FIEALTE g8 i G AR AR LA
a. Dynamic of soil pH in different b. Dynamic of soil EC in different
fertilization treatment fertilization treatment

B S 13 pHAL. wFFTER
Fig.5 Dynamic of soil pH and EC
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2) AHLEENE 9a Jo, Ehbs A 3EA HLAK PRI T £ KT

I 14.36 %, RIFETH YLLK LB A 25.92 %,
A IR JE A A WU BT BB 59.72%, AT WA NUEIEA
HURS XS 338 WU 1) 57 ik K T K YR HLBK

3) K AT B S n S WURR 8 e 52

SHIBENRREE, 0~40 cm 1 2EHIbRS BB in 3%
W rEEREE AV, HUOETEM 1A%

4) RSt FH AT HLAE S 28 3 i 0K 7 i, FRAIR 1 3% pH

AL, I H A HUILHE PR A oK - B

3% pH FIHL B R 2 N FEH.
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Effect of years of manure fertilizer application on soil organic carbon
component, its source and corn yield

Zhang Juan, Xu Ningtong, Meng Qingfeng, Jiang Baiwen™
(College of Resources and Environment, Northeast Agricultural University, Harbin 150030, China)

Abstract: Soil salinization is common phenomenon in Songnen Plain of northeast China, which seriously restricts the
development of agriculture. Long-term manure application can significantly increase the content of soil organic carbon, which
is the major method for saline-sodic soils amelioration. According to the cattle manure application history, manure applied to
saline-sodic soils for 5, 9 and 16 years were used as the experimental treatments, and soil without manure application was used
as a control. Based on long-term experimentation, soil 813CSOC value, soil organic carbon fraction, corn yield, soil pH and soil
EC were determined. The relative contribution of plant residue and organic manure to soil carbon sequestration was quantified.
Furthermore, the distribution ratio of soil organic carbon fraction was explicit. Simultaneously, the characteristic of soil
organic carbon fraction distribution were discussed in saline-sodic soils. Our results indicated that corn (Zea mays L.) with
long-term manure application significantly (P<0.05) increased the 8'"°Csoc value in saline-sodic soils (P<0.05), and 8" Cgoc
was increased with the duration of manure application. On the other hand, the contribution of corn-derived carbon
(below-ground roots and residues) and the manure-derived carbon to soil organic carbon can be calculated from 8" Cgoc value
of plant and soil by using a two-end member mixed model. Our results showed that after nine years manure application,
corn-derived soil organic carbon comprised about 14.36% of total soil organic carbon and manure-derived soil organic carbon
accounted for 25.92%, and the other part was from original soil organic carbon of saline-sodic soils. Long term manure
application significantly resulted in an increase in corn yield and decreases in soil pH and EC, and corn yield increased with
the number of year of manure application. Conversely, soil pH and EC decreased with the number of year of manure
application. Generally, soil organic carbon can be chemically divided into labile I, labile II and recalcitrant carbon that have
different sensitivities to changes of environmental conditions. Changes in SOC fractions may provide an early indicator of
changes in total SOC. Long-term manure application also significantly increased the density of each soil organic carbon
fraction, and the density of soil organic carbon fractions, such as labile I carbon, labile II carbon and recalcitrant carbon, was
increased with the number of year of manure application at the 0-20 and 20-40 cm, respectively. The density of soil organic
carbon fractions was the highest in the treatment with manure application for 16 years. Increased contents of soil organic
carbon was most contributed by soil recalcitrant carbon and soil labile II carbon, followed by soil labile T carbon at the 0-20cm
and 20-40cm, respectively. Summarily, long-term manure application can directly enrich the carbon source of plant, promote
the long-term sequestration of soil carbon, and enhance the carbon sink function of saline-sodic soils. Long term manure
application was necessary to a win-win strategy for both SOC sequestration and corn production. The contribution of manure
derived carbon to SOC increase was larger than corn derived carbon.

Keywords: soils; organic carbon; manure fertilizer; corn; isotope analysis; saline-sodic soils



