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Response of Black Soil Organic Carbon, Nitrogen and Its Availability to Long-

term Fertilization

LUO Kun'?, HU Rong-gui', ZHANG Wen-ju’, ZHOU Bao-ku’, XU Ming-gang’, ZHANG Jing-ye’, XIA
Ping-ping'

(1. College of Resources and Environment, Huazhong Agriculture University, Wuhan 430070, China; 2. Institute of Agricultural
Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China; 3. Institute of Soil and Fertilizer
and Environment Resources, Heilongjiang Academy of Agricultural Sciences, Harbin 150086, China)

Abstract; Based on the long-term fertilization experiments, effects of various fertilization practices on the soil organic carbon (SOC)
and total nitrogen (TN) in the surface (0-20 ¢cm) and subsurface (20-40 c¢cm) black soil in northeast China were studied. Results
showed that, compared with the CK, long-term application of organic manure, especially the combination of mineral fertilizers and
organic manure significantly increased the organic SOC and TN in the surface soil. Application of mineral fertilizers plus organic
manure with conventional (NPM) and high application (N,P,M, ) rate increased SOC significantly by 24. 6% and 25. 1% , and TN by
29.5% and 32.8% , respectively. However, there was no significant difference among the treatments for SOC and TN at the
subsurface. Compared with the CK (CK, ), mineral fertilizer plus organic manure (NPM and N,P,M,) did not only increase the soil
microbial biomass carbon (SMBC) and nitrogen (SMBN) , dissolved organic carbon ( DOC) and nitrogen ( DN) , but also significantly
increased the ratio of SMBC and DOC to SOC, SMBN and TN to TN. Application of the NPM and N,P,M, increased the value of
SMBC/SOC by 0. 36 to 0.59 and SMBN/TN by 1. 21 to 1. 95 percentage points, respectively. The value of DOC/SOC and DN/TN
ranged from 0.53% t00.72% and 1.41% to 1. 78% , respectively. This result indicated that SMBC, SMBN, DOC, DN and SMBC/
SOC, SMBN/TN, DOC/SOC, DN/TN were more sensitive than SOC and TN to long-term fertilization in the soil profile, and were
better indicators for the impact of long-term fertilization soil fertility. The concluded that the application of manure especially manure
plus mineral fertilizers can increase soil nutrients activity in the surface and subsurface black soil, acting as a helpful practice to
improve soil fertility and the ability of nutrient supply, while it may cause potential environment pollution on carbon and nitrogen loss in
the agroecosystem.

Key words :long-term fertilization; soil organic carbon; total nitrogen; mineral nitrogen; soil microbial biomass carbon and nitrogen;

dissolved organic carbon and nitrogen

Kim B, 2012-04-17; 1&iTHHA . 2012-07-31
BEE&WMAB . RGNz PERHFBE T EEARBMI L 55 28 £ (2011-4) ;A28 PEATE (R BHIF L35 (201203030 )
EE®A: J54 (1986 ~ ) , B W-ERFGEA: , FEFEIT M N4 E-mail : luokun0104@ 163. com

# B R A, E-mail ; wjzhang@ caas. ac. cn



2 GEIPSE . DRAATHURR | B XSt AL 4 e i 677

TR . RIF A AR RGE R IEA AR
SRR R AR RGN ENE B ) RS
KON HLA SCHEME R 52 . A ER 2971 500 Gt ik 2 LA
FHURIE SAEE T HBR | m 09 H3ERY MY TR
SRPERY 2 % PR ik - S HL A PR A i A5/l 2 1)
AR By AR AT REXT KA A AR B 7 AR EE R . R
HAESRG HIEA YK A& EANOZ HIEIE T
KB bR, T H A5 4 BRAE A 25 DI AHOC.

TRZ W58 R R+ IR R CO, T
I8 2% T 2 35k 1y T LA AR R 2 AT AL
e, EBUAHESZAEDL S SRR DL S )
728k 5 2 A AR R A SCH R LRG3
M) A7 4 2 B ek A% + st R O X 32 08 0 s A
BLPRL B AR 0+ 96 ML 0 R 6 SR R
1 - S R R D 3 5 ) - 8 AT SR AR Y
TR A K A Sl S0 B ) - AT HLAR 1 B 2R
AHBARN A FRA A AE | W) B, A PL
JIES B A FH HT B 005 8 g A AILAR Y Ak 1
AR A 2 |, BEAE 7 NS AR it 2 B4
M+ R R AL R R HIRARIE 2R,
A T 5 A A R R Al A P R
RN I B AT 3R | A R R A T S
S [ P AR AT 5 AR e W it A DL S Ak e A
PUAE R 2 (AT HLAR . a4 ™ A
PUAR B SCATRE A L, AT DL 35 b 3 v 38 6
AR it A2 AR A R T R
T IERE P A Yy ) & i R AR AT, A
BEAR T St W A e i & O A AL A it
A TRVRE 255 | - e A 9 A e R i 7 AR
17 A H9F 5 2 B A AE X Bl A 4 A e R R i R S
McDowel %[]gjﬁﬁﬁﬁfm, T % S i 2 4F )5, + 45
AT DB Y 5 i ARk T o i i A EIE e %
PE R TR B i (R IR IR B 2 K. T
TG AR ST 2 BUAT AL JCHLAR c 4 i R 1
ISR S . Vestgarden 257 21 % BLAL AL
RERS (] A PE UM & = MK Gundersen 2572 TIIA
KRB REA S LA IR Z AL
BT, R i A B S 2 e 1
REWAFIH N, —FH Z W EA BRI A 5
B AHAAT — SR gY I 3 22 1) G I B AR DG
PP R R B AT RE SR AN . AR AR £ 1
B . ARSI A T E B 0 T B X A YR
FEIRFI =R T 2 5. Bk, TR A
NEREECT 1480k . AR BARAE S LS P T4 /s 1%

AU R A 15 it ) w0 IO E 2 R
ARAL SR DR TR E MR A 327 DX, X T A ]t A A =X
REAVUK ., 2% RRIE LA T 2R
I 220 B TN [ R R s | R T B Bk
SR XS T AN [R5 HE F) ey 157 205 F A8+ 23 T 2. A
WFFEAULAAR L PR = Dl R A 03306 O S, e
BRI AT, 5 28 AS [ it AE A 00 26 2 FE R 2 +
et . B BARAE AR A SR SRR | R
X R AYAN TR FH A A AE B A7 HILICAL I Fr) g S92 5 i
DS 0 B DR B 7 X S T 3R T B n] 84 B
FRPERLA KA.

1 #Me57H*

1.1 350 A

AHIGE IR SR A RV R B2 e R
8 I o7 W 56 1% B 4R T 1979 4,
VA W L AE AL 3 1986 AR FEAT X, M hn T 2
P AL BE (3R 1) . X 14 5R)Z (0 ~ 20 em)
HHREEN15.4 g-kg™' , &N, &P, & K54l
N 1.47.1.07,25.16 g-kg ' Blf# N #5L P #AL
K& 151.1,51.0, 200.0 mg-kg ™", pH {8} 7. 22.
P 1 B2 Sk /N2 - R G- E R BT 3 a — A48 4E
W1, 802010 4E3: S 31 AN ERKZE /N X TE L 168
m’, FF[X 8 28, 78K 30 m, 2Bl 70 cm. ARWFFRIELEA
JEAE (CK) | HtiA UL (M) | ABERCHE (NP) FIA
HLICHLEC it (NPM ) 3t 4 A~ 5 it 0 12 b 2 A CK,
(AHAE) . N,P, M, | N,P,M, iX 4 > 2 £ &Itk
P (it A A R AT AL B 2 ) . 4% it A Ak Y
R W, BPAESS ARG AE , FAC R IR ZE, BEAC A =)
WSS | BRI e BRI BRER AR . A LI Al
28 BHRAERIG — W, T/NE ORG24
775 kg-hm > (£ 5318600 kg-hm ™), LA M %
. AR AR 1 PR,
1.2 FEACREE

IERE S BSRAE T 2010 4F 9 H Bk /N FE WOk
Ja AT, FERENT A P R A B REALEE S5 6, B0 ~ 20
em, 20 ~40 cm 2 % ] 3 AE &[] B A%
SRR A L RS WA, — Oy VR Ry
ACTRERTRAEY EY A . AT A
FEAS R BIE , 53— WAL 2 mm G, Bk IR
AIULEAR 2, FF HHEA LK . 2R F .
1.3 3 H a5

39 R I S SR HTRA T

o IR S o < U e LU = o) | )



678 EZN

B i

1 AEMGIELERNERSE

Table 1  Fertilization amount in different fertilization treatment

e N K3 Bk

N P, 05 M N P,05 M N P, 05 M
CK 0 0 0 0 0 0 0
M 0 0 0 0 0 18.6
NP 150 75 0 75 150 0 150 75 0
NPM 150 75 0 75 150 0 150 75 18.6
CK, 0 0 0 0 0 0 0 0 0
M, 0 0 0 0 0 0 0 0 37.2
N, P, 300 150 0 150 300 0 300 150 0
N,P,M, 300 150 0 150 300 0 300 150 37.2

mol - L™ AR R L BRIRIRER J5 , R FITC R 4T (EA
3000 ) P HAERA HLBR A2 S

A A2 FREX 10. 00 g 8+, B A 50 mL 1
mol - L. ™' i) KC1 ¥, #2377 30 min, i U85 B P 1Y
A A B A A M W 8h 40 BT A (FIA star 5000
Analyzer) W72 , [7] B FHAE T2 00 + 48 5K L A AS
A EEAZ N FA.

TAE A i e . ZRUR I A < o B R 2
mm i JE IR AT, 25 85 /K 08 7 39800 5 &8 ()
IKEEHY) 40% Zota SR )E R — € &+ T3 H Y 98
B, T CE 7 25°C THIR A P AT SR, ARG AR
B 10. 00 g 3557 4 2 {0 & Fhethrh, — & T3
ALCBEAD TS (TR — /N
NaOH VW T CO,) ¥ TR sl 2= B a3 (i 41
5% 5 min, SCH TR AR 11 7E 25°C G = CE 24
h, i b0y & TIE W T ds b  FEAR R & T
JCE 24 h. BZEGS SR R TCI I R 2 R
A 40 mL 0.5 mol-L~" K,S0, &k, #% 30
min Ji5 i 3E , WHCE A Multi N/C 3100 4347 43
e H PR . R/ A, R SR e 4 K
i, 2R IR AR i AU S R 2
AR P A= e e R P 22 1 B0 Sy B+ S ) s A= )
YRR A,

AT PR AT RE  FREX 10. 00 g i 2 mm A
fif + T ERPE T, A 40 mL 0. 5 mol-L~" K,S0, %
W7 30 min J5 2k i€, WIS ] Multi N/C 3100
I AT e . UG i, R s UG TR I e 4 4
Tk, W BRR . S R A . AU
1.4 BREHE 55T

I PR, AR LN AROTR

M=0C xB, xD, x0.1
L, M R AR R . AR (mg-hm ™) ;5 C,
R EANR, RS R (gkg™ ) B, A i )2

TIERE (g-em )5 D, N JZH)ZEE (em).

T P A AR LA AT

Mypeax = N; x B, x D; x0.1

K, My N 500 R 0 A M &
(kg-hm ™) ; N, N i ZH AR & (mg-kg™");
B, W i JZHIERFE (g-em ) D, N i ELH)ZE
JE(em).

IR RIS 7k T SPSS 16. 0 #4725 5+
PERG S . Z2 5 AL, 2R H Origin 8. 0 7EIAL.

2 ZEREHH
2.1 RHE G AEXS FR A BB | A i S

iyl

KRR X 262 A L & i B B %
ST 3 )2 - 1 X 45 il A Ak B G e N AN
(). 65 st IR AL B A5 HLAE A9 it A BE . 35 4
InER)Z2 3 soc, H A L ICHLECHE (NPM ) SOC 7
W, N 16,09 g-kg™', M T CK #2551
24.6% , 1M M, NP AbFE SOC #H*F CK AV s T
12.3% , 10. 2% . T % T & & e, 4 N,P,M, 4b 3!
BERE T RZ T SOC FH#, N 16.69 g-kg ™',
XS T CK, 425 T 25.0% , Hi4xab ¥ j|] g i 2% 2%
St M JZE 35 SOC &5 X6 it AR JC i 1 .

F It AE X 438 4 Rt LA S e, el 2
R AR R TR )E AR A, W R 2
SREGREITREL M. X TH EMALRE £ M,
NP, NPM Zb 3 ¥ 6 i 2538 fin + 3 TN & & Hrph LA
NPM Ab#E 35 TN & i, 1. 61 g-kg ™' AHXS CK
ACFESRE T 29.5% 1 M, NP b FEAHXS T CK Ab 2R
TN (B IR T 15.6% | 14. 8% . % T f it A
T2 8, HA NP, M, A FEEENS i 5 41 5 + 18 TN
8, HAE A 177 A% F CK, #2557 32.8% , 1 M, .
N,P, Ab¥ TN &85 CK, AFIC i % 5.
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Fig. 1 Soil organic carbon content after various long-term fertilizations
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Fig. 2 Soil total nitrogen under different fertilization

4 2 R 2 A ML R 2L A X it A 14 e
WA SZ B HLAR , 40 2 I s i, 37 31 + 1
RHELLM. 140 ~20 em HRfERTE 38. 15 ~46. 41
Mg-hm 3G Bl , 20 ~ 40 em 3R AF B A9 70 2

31.34 ~41.01 Mg-hm >0 ~40 cm 3R 17
FElJ& 69. 64 ~ 84.34 Mg-hm >, 1fij 0 ~40 cm + %A
fiti i 6.86 ~8.67 Mg-hm >, {H 4% 4b F 7] + HE A5 #L
fik, AP LREER(K2).

®2 FEMELETLEANR, £REE/ Mg hm >

Table 2 Soil organic carbon stock and total nitrogen stock under different fertilization/Mg-hm ~2

e bR Ak B IR G
0 ~20 em 20 ~40 cm 0 ~40 c¢cm 0 ~20 e¢m 20 ~40 c¢m 0 ~40 cm

CK 38.15+1.18 31.49 £1.33 69.64 £0.17 3.68 £0. 13 3.18 £0. 11 6.86 £0. 19
M 42.99 +£3.33 33.73 £2.68 76.72 £1.52 4.27 £0.35 3.49 +£0.22 7.76 £0. 16
NP 41.21 £2.59 35.69 £3.26 76.91 £5. 84 4.13 £0.20 3.59 £0.29 7.72 £0. 48
NPM 46.41 +5.38 31.34 £0. 27 77.75 £5. 60 4.63 £0.48 3.42 £0.02 8.05 +0.46
CK,, 39.34 +£0.93 35.67 1. 13 75.01 £1.82 3.93 +£0.17 3.63 +0.07 7.56 £0.21
M, 43.89 +4.52 32.92 +1.39 76.81 £5.91 4.34 £0.52 3.46 £0.03 7.80 £0.55
N, P, 43.33 +1.24 41.01 £7.82 84.34 +7.19 4.46 £0.09 4.20 0. 66 8.67 £0.59
N,P, M, 40.31 £2.93 40.43 +2.54 80.75 +5.43 4.27 +£0.32 4.25 £0.15 8.52 +0.44

2.2 Rt AT X R SR

- 5 R AR [R] it A Ak T D) S A7 A 22 5
3 R, i AL B E R m R 2T RZ +
Hew A L T HLAE DL KA HIL TG ML it

WS A — B, W AT HUIC BE B2 0 ~ 20
em HHER RS HI A PLUIE M, 48T 5 R
R S S B L TC W e S, R I )
RE-5 T W e e AT HLIE 2 A AL I X 0 B 2R
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Table 3 Soil mineral nitrogen and mineral nitrogen stock under different fertilization

TR SR + %E5R) B i/ mg-kg ™!

BB A i/ kg -hm 2

sl
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Fig. 3 Soil dissolved organic carbon and nitrogen under different fertilization
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Fig. 4  Soil microbial biomass carbon and nitrogen under different fertilization
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Table 4  Change of soil SMBC/SOC,SMBN/TN,DOC/SOC,DN/TN under long term fertilization/ %
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