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FREAE LA VLK (TOC) Y IR (MBC) 5 A Ak (ROC) & 4 S A DLk A0 T 2 1k 5 e e 48 3L 98 %K
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Effects of Chicken Manure Co-applied with Nitrogen Fertilizer on
Soil Organic Carbon Oxidation Stability and Carbon Pool
Management Index in Kidney Bean/Maize Rotation Soil

Jing Dawei Wang Mingyou Zhang Hong Li Shiping
(College of Ecology and Garden Architecture, Dezhou University, Dezhou 253023, China)

Abstract; According to the difference in the degree of difficulty or easiness of decomposition, the soil
organic carbon can be divided into readily oxidizable organic carbon and hardly oxidizable organic
carbon. The readily oxidizable organic carbon plays an important role in supplying ability of soil nutrient,
while hardly oxidizable organic carbon contributes to stabilizing the soil structure, and it is related to the
storage of soil organic carbon. Meanwhile, soil carbon pool management index ( CPMI) can reflect the
effects of external condition on soil organic carbon contents and active organic carbon contents, and
comprehensively reflect the extent of decline or update of soil quality. However, there is little information
on the effect of chicken manure co-applied with inorganic fertilizer on soil organic carbon oxidation
stability and CPMI, especially the study of kidney bean/maize rotation soil was scarcely reported.
Therefore, for exploring the effect of chicken manure co-applied with nitrogen fertilizer in different
proportions on soil organic carbon oxidation stability and CPMI in kidney bean/maize rotation soil, a field

experiment, including four treatments, i. e., N, (100% of nitrogen was provided by urea), M Ny,
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(10% and 90% of nitrogen was provided by chicken manure and urea, respectively) , M, N,,(30% and
and My N, (50% and 50%

respectively ) were carried out.

70% of nitrogen was provided by chicken manure and urea, respectively) ,

of nitrogen was provided by chicken manure and urea, The aim was to

determine the effects of different treatments on total organic carbon (TOC), microbial biomass carbon

(MBC) ,
of kidney bean/maize rotation soil during the 2009—2014 period. Results indicated that the TOC
contents of M,;Ny,, M, N,; and M,,N,, treatments were increased by 5.21% , 12. 74% and 19.87% in
respectively. The MBC and ROC contents and CPMI achieved the
which showed
54.03% , 16.50% and 10.43% increases in ROC content and 75. 10, 30.75 and 27. 94 increases in
CPMI,

oxidation stability index of organic carbon in M, N, treatment was obviously lower than other treatments,

readily oxidizable carbon (ROC) contents, organic carbon oxidation stability, as well as CPMI

comparison with the N, treatment,

highest value in M;;N,; treatment and had significant differences with other treatments,

respectively, compared with those in treatments of N,,, M,,No, and M, N,,. However, the

which was reduced by 35.95% compared with N, , treatment. Furthermore, the M,, N,/ treatment could

significantly increase yield and improve quality of kidney bean, which had statistically significant

differences with other treatments. Correlation analysis revealed that yield and Ve content of kidney bean

were significantly or extremely significantly correlated with microbial biomass carbon, readily oxidizable

carbon, organic carbon oxidation stability and carbon pool management index in the soil, indicating close

inner link among each indicator. In conclusion, the application of chicken manure co-applied with

inorganic fertilizer, especially the M, N,/ treatment, was beneficial to soil quality amelioration and soil

nutrient-supply capacity improvement as well as growth of high-yield and high-quality kidney bean in the

rotation plantation.
Key words: kidney bean/maize rotation;

index;
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TP, BEHG ™= 15% ~25% o VF 2027 5 B X X8 3
APUETFRE T REWFFE AN T 2 5/ TR AR
WFIEEEA HRIE , U HJE R T2 0/ B R A
BUBK AR E P S e I A7 T i 50 A ML FR T 5 74
RIARIE o D0, A BIF 52 480308 T b 50k oF 2= A= W
A BRZ m) A= 77 00 08 26 HLIE S Bl Ok, 2R 47 X8
FEA UL 5 AR NE 19 A [a] e it b 1) % 2 =/ B KRS AF
A BB SR AR E T R A A B RO BF 5, O
PRT B 15 It 0 2 ™ 5 i SRR T RCR, B O iR
1 e SR R A T SR AR M [ B HE T ) B A B A
W A 25 SRR Y & PEOUAL AL 32 BEBOR SCHE

1 HBS5HE

L1 et a5 HEiK4 8

T 6 b T AE PN T U e T AT 2 2 A A B
225k (36°24'N (115°45"E) |, b b 23] pf F2 7
Ji, Ja Tk Bt 2 KA X, I 2= 43 B AP H
FREST 0 2 592 h, 47 B SR 12, 9°C, 4557 2 [ T 45
547.5 mm,F¥TCFE WL 208 d, % KR A LR R
G K B RUE  RAEREC DN E  EOK  S R S 5
SEMEAE R F R TR B My 2, B AF AT 3RS I 3
M TF R e A AR e . il Ry R -, 1
i fife 2R . RSl R B B BT A LE 43 S Dl 98.02,
41.29 102 mg/kg, pH {H N 7. 16, F MLk 5 & Ll
14. 86 g/kg, MG IS b 5tk F= 2 4 Y BHEE A R
N E A NP, O T K, O 5T 3t 430 050 5 o 1. 28%
1.31% F1 2. 47% , 45 HLER T & Ry 215. 69 g/kg; JiF
FHACIE Sy PRZR ek e 1R 85 A R 4
1.2 RIigit

I T 2009—2014 4E & L2017 T 6 4F, H 2009
IR EATRAEFIRL, % ER-EH - EK-E -
FAR-ZEEWRAEITY . KSR Ry KR 9587,
ZEAFC AT E R OK G — R T H E D
DA, BE AL X ZH B3], I3 AR ] 4 b 21, 3 531 0
O CK, N I, @ Ny, IR F 2 ik 100% 1 % o
@M, Ny, , X5 H IR 2 43 Bl 42 41k 10% F1 90% 1) A o
@M, N, , 353 F IR 2 53 0 524k 30% F1 70% 1) Ao
®M,, Ny, , G HE IR K 4 24t 50% MR . B4 Ak
FE 6, B/ XM K52 m* (6.5 mx8.0m), It
30 AN, RIS AR Y Bk T
{18 il A 5 AR AH 24, BT LA, AR P EOR (R
FHIFE B AE & . BR CK Ab, & A B 45 55 43 i, N
P,0, . K, O Jjifi o & 4 5 A 24 T 280. 50, 206. 50,
175.00 kg/hm*, 4% 4b ¥ P 5 K A J& # 4 43 1 il
CaP,H,0, K,S0, %} E .

PR RITF 2009 456 H 12 H 2011 4E 6 H 15

HAT 2013 47 6 A 13 H 4, ¥k A7 H N 25 em,
60 cm  FEFHEJE N 6.7 J7k/hm”, H b A HLAE 55 1k
HEAE by BEHE — R PETEA o
= ERIAT I 50 em, BREE 40 em, R AEATHD
100 em, #4350 2RI & A PLIE 5 1L, TR
BEFE ) e R, HEm R, 78 2010 45 4
15 H 2012 &£ 4 A 20 H 12014 & 4 A 18 H 435l
FHAR R R = o, Mtk 25 I NP, B
2.0mo AERMIEAE 15 d SEAT— W BR &, R RS W
Sk 22 BRA TR o 6 AR U ) A) ) H 1 4 [ T
AR -2 e i/ AR an e 1 o
£1 REPEAFHENESAFHSE
Tab.1 Monthly precipitation and temperature during
experiment period
&8 Fy 401 A 6 T1H 831 9

2009 4 26.8 38.2 70.5 169.9 131.6 46.3
2010 45 29.2 40.6 68.7 173.5 142.5 48.9

A
R 2011 4 25.7 36.8 75.3 168.1 156.8 45.5
Ko T 4t/
2012 4F  23.9 42.3 76.5 176.6 135.3 39.7
mm
2013 4F 30.8 39.5 73.9 165.9 129.7 42.1
2014 4% 27.5 38.7 72.2 171.8 138.5 45.9
2009 4 29/2 32/10 35/19 37/22 32/18 30/14
7 2010 4F  28/5 31/9 36/16 38/21 35/15 28/11
R0
o 2011 4 30/1 33/11 35/18 32/23 33/19 29/10
e i/
. " 2012 4 27/9 33/14 37/18 35/21 33/17 31/11
KR/ C )
2013 4£  29/0 35/9 36/14 36/20 36/15 31/10
2014 4F 29/7 38/7 34/16 38/20 35/19 30/13

1.3 MEMBSHZE
13,1 e LS i A 4 B4 5L
FEIRIETFAG AT, T 2009 4 4 A 13 H 7E 54>/
DX S” R4S PE N 8 45, H Bk L 0 ~20 em £ )2
R4 PR LR IR A 48 5 J5 s A (0] SE 5 T DY
IPIEBCH S R R BEAE O 2 AR 3 UG R T
2014 48 H 25 H e 45 /N K H% A R 9 05 6 R 4 +
BELHA 3 R, IR BT B RE 23 D Wy s — B
ff AR 2 mm G S B RE S AR W AR, O —
oy AR XT3 0. 25 mm i J5 7R 47 L 8 HLIK 55
FER I 7

T 5 - S A LA SR FH A% R B R AL A i A ik
& AR (ROC) SR F SCHR (8 ] 05 iAo
22 T e A ML S L 14.93 g/ke, 5
FALBR R LU 3. 89 g/kg, - HERR A8 B A5 A I
ST R < BRF 45 K (CPL) O A dh 42 Bk 3
(g/kg) /2% LAt & i (g/kg) s BRFE TG (A)
D PR B /AR T R AR A Wk %R 3 4R B (AD)
DR i IR 2R 185 J3E /5 2 MR 3 5 B A B
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CPMI = CPT x AT x 100; & fbF2 & R (K,,) N E
A WL/ 5 SE A 5 B0 MR DLl B HLER - &)
ALK o
1.3.2 ZEEES5HME

1£ 2010 2012 1 2014 4F {1 22 & Fp A 3K 56 B 359
P, e R0 b R A T 5 AR 43 R AT SR WS 7, -
PLRE I 2 A I JE R S 0T, L 5 IR =1
77 L BT AR AR 34 X 3 AR BT I A T 2 . S
R e A 2R C & ROR A 2, 6- G W e T
A W] T AR O Lb 3k I, T
R 5 s i vk I, Ui R A R & R
K G B R DU A G R R R A e
wimE ",
1.4 #HiEE

K Excel 2013 &b 2 % 4% Jf il 18], R F§ SPSS
17.0 FAFHEAT J7 25 50 A M 2 3 L 3 (LSD 3, p <
0.05) . BIRPEIIEA N FEIMHE £ bz,

2 HRESH

2.1 TEFNBRMHMEVEHRSE

B &1 a] DU, AS [t JE s it % 25 2/ oK 48
ERSEE PR & 5 HA B R, N iy CK
25 SR IR W 3 K OF, T G it XS 2 A BN 2 T R
5 Ny A FRAR L, Mo Ngg My No Fil Mg, N 40 31 A
BLRR &7 B A e 7 5. 21% (12.74% F119.87% , 1F
X2 S AR Y 3 A e it A B, M, N, A0 B A AL
e & e, RIS My, Ny 5 M Ny, 4k B, H:
Mg N ib B 43 51 5 M N Fil My N, ib 2 5
13.93% F1 6. 32% . 3 W] 4 2 i o LU 09 185
A LR B IR S T v G

M 1T SRR HL N, M Ny My, N, FT M, N, kb
PR ) B ik (MBC) 5 & 43 0 % CK & 3 4 &
20.17% .52.56% .76.18% F1 58.97% , % B A [d]
Jita I i 1 et 3 B 25 O EOK AR AR R RAE
WAk . AEREAC AL B, M, N, Ab 3 MBC 7
U T A AL B, 23 A N oo Mo Noy Fll Mg, Ny,
Ab R B 46.61% . 15.48% F1 10.82% ; H ¥k &
M o Ngy 5 My, Ny Kb B, 5 42b 3 1] 22 S K 3k b 2 7K F-
{EIA B 2 5 T N 2 R B0 0 A 150 B, T it XG5 36
A 3 XF - S AR A W Bk G 0 R K T
AT o T AR XS 2 5 A A G it Ak B v B 3 T
Lo A9 385 K, TS sl A 0 e 1 e S IS T S BRI
AL RIS IE R G IR R AL 3+ 7 L i 45 BC xF
- LA Py e 19 5 e A FH B B
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Fig.1 Effect of chicken manure co-applied with inorganic
fertilizer on soil organic carbon and microbial biomass

carbon contents of kidney bean/maize rotation

i N R (H 25 5 R GR B FEKOF  TC it  2E AL HE Y
Gy B S B WY B T, e M NG A B K R A
FEA> BB CK L Nygyy Mg Nog Fll My, Ny ib B 42 5
49.37% .54.03% ,16.50% F1 10.43% , M 5 %A ik
Bk i A LB 43 LG AT R, 5 Ak 38 B AR AR R Y
M2 B D ARIR R s My Ny (Mg Ny (Mg Ny, CK N0 6
M, Ny Ab B ) £ M A DL AR & & % T At &b
BT H A b B2 (R 25 SN W . NER 2 W]
1, 2% A R AR OE VA BLBR & A LK A S L AR AR
FoE RECE B — B AR A, th 2 BRI
Nioo CK M, N, M, Ny, M, N, , A W, N, &b 38 B i
TR XS FE AL L H Y CK JC W 35 1 22 57 s E g 38
550 HE 0 0 T Ak B, M, N Ak B A AR E A BIL B
H A BLER B e B SR AR E R RO W] AR T At A
B SRR 8 &R B BB CKON g o M Ny, FlI
Mg, N, &b 3 [ ik 32.88% . 35.95% . 11.80% il
21.07% o Lk A HTIAH 39358 5 bR 255 e 44 it PR
R it Y A Ak & &, BB FRAR A AL
TR BB, R 3 7 Lo 5 e A AR FHAICR et
2.3 TEmEEERHY

3 CKT x4 L5, 2l 5 JF i A & 1
AR R AR AT I E SR . ATLAE &AL
B CPT )8 AL FUHE S5 A LA & B HE AR — B, My N,
AEFREY) A AL FT CPMI Y35 f i, 5F W W v 7 Hi A
AbFE, Hop CPMI 43 3148 N,y WM, Ny AT M, N, b B3
$25 75.10.,30. 75 F1 27. 94, M, Ny, Fl My, N, 4b #f
) A (AT FI CPMI i1 B 5 & F CK A1 N b 3, Horp
M, Ngo Fll My Ny Zb B 2Z [0] () A [CPMI 22 7 K55 B 3%
TP, T M Nog ZbBE Y AT I8 28 5 F M Ny b3,
W43 BT AT A [ St PR 3R AH L, 3G 3 5 PR R T it A it
SR Bl T4 v A P A B K, T 7 TG e Ak
o, DL 3 T HG S I AR SO B 3
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Tab.2 Effect of chicken manure co-applied with inorganic fertilizer on readily oxidizable carbon and
oxidation stability index in kidney bean/maize rotation soil
. G AR B L/ Gy S AR A PR T Ve LR B LG/ e A LA o5 A5 B R E R K,
(g-kg™") Aot/ % (g-kg™") Ao/ %
CK 3.97 +0.08" 26.31 +0. 85" 11.12 0. 20" 73.69 £0.71° 2.80 £0.09°
Nigo 3.85 +0. 141 25.41 +1.05° 11.30 +0. 49" 74.59 +0. 65" 2.94 +0.07"
M, Ny, 5.09 £0.05° 31.93 +0. 62" 10.85 0. 18" 68.07 +1.02° 2.13 £0.05°
M, Ny, 5.93 +0.07° 34.72 +0. 81" 11.15 £0.33" 65.28 +1.16" 1.88 0. 121
M;, N, 5.37 0. 12" 29.57 +0.47° 12.79 £0.26° 70.43 +0. 53" 2.38 £0.05"

RS RN TR A B R 22 57 2.2 (p <0.05) , T Al

®3 BESUREENEZS/FERBRELEREEE
EH B
Tab.3 Effect of chicken manure co-applied with inorganic

fertilizer on CPMI in kidney bean/maize rotation soil

BREREE BREIEIE BRI EAR R A AR R

o3
CPI A Al CPMI
CKT 1.00 £0.00° 0.35+0.00° 1.00+0.00° 100.00 +0.00°
CK 1.01 £0.03% 0.36 £0.03° 1.02 +0.05" 103.17 +5.76°

100 1.02£0.01' 0.34+0.05° 0.97 +0.08"  98.85 +2.32¢
w  1.07£0.03° 0.47 +0.02" 1.34+0.07" 143.20 +5.08"
1.52 +0.05°

N
M, N

My Ny 1,14 £0.02°  0.53 £0.03° 173.95 +4.91°
M, N

50 1.22 £0.02" 0.42£0.02" 1.20+0.03° 146.01 £7.25"

g
I

=EFEMmMR

MFE 4 0] DL Y, A [R) it S 435 i 0 =5 27 i A
FERL S B A T B R . A i AT Ak FR A X IR
WERE V=57 A AL rh, My N, 4b B
(10 7= e k3 v T Al b HE, 3 A CKUN 0 WM Ny,
M, N, &b B 55 36.02% ., 20.15% . 10.23%
8.29% 5 H UM Ny M Ny 2b B R B 52 85 F N,

Ab R [R] CK A H, N oo 20 B A S S (1 4 A R Conf
VPR RV R AR R R A R R O i R R
B R e R C i 25 Sk B KCE 5 TG e
XOFELL AL W AR T R R R AR &, Hoh
M, N Ak B 508 SR 1) 44 A= 3% C L mT i M R i o 2
B it Yk o R W S T AR AL B, 4 A
N oo 40 38 H2 25 42.25% . 40. 69% F1 50. 88% |, [ B,
M, N b B ) S SR T i PE AR 3 B 5 Mg N Ak B
BEVEZE S AR S T M N &b H ., Ak, Mg Ny,
MW AEER CHFEHARERTELE R T
M o Noo A0 B, T 7T 95 1 0 5 i 55 M NG A 22 5 N
BF . R4 38 n] 0, 25 Ak B I R IR 4 i B
FMER 9 :N oo JCK M, Ny, M, Ny, M, N, Hrp
M, N, &b B 53 53 858 CK (N, . M N il My, N, 4k 3!
REAI% 22.89% .35.58% .21.07% F18.96% ., Ik
AL X8 3 5 PR G it 1 b R R R BE W 4R
1R 2 L O B R e R T, HL B XY 2
A7 EG I A B R, L R RN A R B O T S R Y
AL,

x4 BESUEEEMNEZSFENRENEZNE

Tab.4 Effect of chicken manure co-applied with inorganic fertilizer on yield and quality of kidney bean

o Jri/ 4eER C A/ FIEMEREDTE L, AR AR WA AR, R
(kg-hm ~?) (mg- (100 g) ~") (mg-g™") (mg-g™") (mg-kg™") (mg-kg™")

CK 2085.35 +69. 20" 18.45 +0.29¢ 13. 89 0. 45° 6.16 =0. 08" 232.91 +8.75¢ 332.72 +6.21"

Nigo 2360.73 +51. 16° 17.28 +0.33° 13.54 +0.20° 6.08 £0. 12° 218.62 +9. 82¢ 398.29 +10. 36"

M4 Ny, 2573.26 +32.58" 19.91 +0. 87°¢ 15.23 £0.59" 6.59 +0.07" 267.53 +9.06° 325.06 +8.05"

Mo Ny 2836.52 +49.27" 24.58 +0. 75" 19.05 +1.26° 6.96 +0.07" 329.85 +7.25° 256.57 +6. 89"

M;, N5, 2619.39 +65.03" 22.62 0. 41" 15.92 +0. 32" 6.85 0. 06" 303.76 +6.31" 281.82 +12.95°

2.5 HEXMESH

X TR IR YLK 5 A AR AL
i S A et P Rk P A SR B B 25 L L ST
IR R T A R R (3 5) A HLER 5 U P2 ik
Dy AALR B B A G, B AT S Bl A Rk
A% A 3 R AR G 1 B AN [R] 26 70 19 A7 ML 2 () A7 8
BRI 56 & 5 AR UE R BCS AP i ik 5 5

PRtk 22 A A 3 AR O, 3 3 B 1 o - 3 il 2B W e
ol by S A A R T 08 A B SRR AR E
PN B e A AL J5 37 e, 49 i - 3 1Y 43 AE 4 BE 5 CPMI
SR CXY/h=RIE N A E ST R iSO R
SE AR TOR S TS A HLRR TG B AR S
UL CPMI 5 f3f A= W 4 ik oy S A B 1) AR 6 1 324 i
TESA VBRI AR RNE , ol WL, Gl 2k ) di A 5 5 A
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i B DX 531 B A BILGe , S5 A ML 3 QI 2
HEAA PN — 3. XU RS BAEYREK S
AL RR L CPMI A 2 25 A OG5 B AL E R RUE
TR R4 R C & RS MAEY Rk, 5 Ak
i \CPMI ) 2 25 ol 2 35 IE A5G, 5 A AL AR E AR R
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Tab.5 Correlation analysis of organic carbon oxidation stability, carbon pool management index in kidney bean/maize

rotation soil with yield and quality of kidney bean
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