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4N 0.61 g/kg. Bifit N 17. 14 mg/kg. 4 P 0. 83 g/kg. & P 25. 90 mg/kg. ##% K 32 mg/kg. &JF &
1.19 g/cm?®, CEC 6. 33 cmol/kg. pH 8. 28, JFHh 4% 1.

TR B0 DA i At S AT R R MK HEA R, WOy X, ) 7.5 kg/hm* (D), 11.5 kg/hm’
(D). 15.0 kg/hm* (D)3 7K, A 40 m*; A URF) EAEIX, BAJA(F,) ., 600 kg/hm” (F.) |
1000 kg/hm*(F3), 1 400 kg/hm’(F ) 4 A/K¥-, A 10 m®; 8 ¥ REALHES . DLAR IR 244k H AR o X
M(CK), 3WHEKE. £ 2003 4F 7 Hh Al A, BE R Sem) W HE/NE G, v BIREK . &,
BEL b, WK HAE 35, 8 H 6 BRI (B 1 5 Bl P4 10 R A T A K 56 N X
FEHTLL 30 000 kg/hm® FH & 14 it A7 AL AE I8 IR 2 4 1 B R 60 %6 4 S SERE i A 25 3050/ X, ) %
40 % 7E T e A0d VR AEHE A, 22 WO 3 T S A0k U ) AS P 098 i i 40 A T SRR B I K 3 K.
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(0~15 em) HFEME + 45 AL Jrda br. B RDERAE M JFR EAEE N TS . 584 20R AP o IR IRk
SE . B U B O I E . Bk T HCLO,-H, SO, e M I 2 . 3% #E 0.5 mol/L NaHCO,
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A, Bt bR A v b A B R R M SSE S 08 (D, > D > D) BT SRS B 00 $ s A B T
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557t 28 AL 7K S X B 2 M AP 5 KA R e DI ) S R 3 R WD U AE KT B g, RS A R
i SR 3 e Al W SR T B S8R BT S . AT )2 R P A SR o0 0 B o e i B 2 B i SR A
JEER g . AR R TE K . AR AR O3 U A R 2 Wy S B R AR A SR 23 (Y TE B L it SRR AR B AE AR R
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- 3 R/ o A/ N R &R/ LT/ B/ g/
(g kg ") (mg+ kg™ ") % (g kg ") (mg+ kg ) (mg -+ kg ")
TH CK 0.56 15.09 2. 69 0. 69 35.61 39.22
D, 0.59 15.18 2. 56 0.63 35.09 48. 52
D, 0.58 16. 05 2.79 0. 68 39. 34 44. 35
D, 0. 56 16.12 2. 88 0. 68 43.14 49.01
F, 0. 54 15. 81 2.93 0. 67 36.79 34.75
F, 0. 56 15. 86 2. 84 0.67 38.00 55.73
F; 0. 60 16. 33 2.72 0. 68 38.76 51.76
F, 0. 60 16. 34 2.70 0. 69 43.21 47.08
e 3k CK 0.55 14.53 2.65 0. 67 36. 15 46.12
D, 0.56 14.92 2. 66 0. 67 35.73 52. 54
D, 0. 54 15.57 2. 89 0. 65 36. 35 84. 82
D, 0. 54 15.74 2.94 0.61 42.10 73.52
F, 0.53 15.16 2. 84 0.62 36.22 52. 35
F, 0. 54 15.21 2.83 0. 62 36. 96 82.09
F, 0.55 15. 32 2. 80 0.63 38.70 83.08
F, 0.56 15.42 2.77 0.63 39. 65 82.72
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BT CK 3R E YA LR (SOC) 43 805 SOC T 43 He LA M A WL B e & R BU(K DO BT CK,
ZRAE p<<0.01 KV B G 2F 2 LR 2) . 3 U B I S 1R B BEAS 5] 72 38 45 15 4 398 vl J8 9 50 1) 0 ik kR
I REREARE FE I 5 0™ W LR 45 G RR B . s AT T G Ak A 2 R SR A A, I R R R it AT UK
FRy R, BHZ 80 OC,ROOC F1ROOC 45 b ¥ 2 AW S #a %, 1 SOC, SOC & 4y e fil K, 335 ¥
REAIR, 22 538 i 2. 3 U0 P o o SR A 288 32 R 8 il 28U ME S (SR 1 o 4 398 AL 0T I e 4 4, P RIS -
e MU S A AR M, B A ML AR R R R R R R T, R TR AR A R ORI AR R
A VLT A AR e S AR ) A S R
2.4 EEEMAMNBEHELIEENERNBERXR

AN [] ol i 2 132 R RN AL 3T o 3 2ok ) 22 R 2 R GRDR i SR RSOIR A B2 - R R A A )
B AR OGO R AT AT (3R 3). S5 R F W, HIEA LT AL A5 OC M IEM G B A gt 28 X
(p<<0.0D), 5§ K, WHAHLMED I AA G2 L (p<<0. 0D, HIEARLMEE WS OC 1EAH AL
LG8 X, 5 SOC F K, 2 MM Gt 2#2 , TE BRI AR G 4 A . AR MR
5 OC AR RG22 . RS SOC 1 K, ¥ IEM et Wk a2, &S
OC . SOC 1 K, FEAAA M/ LG4 38 3, s 5 OC SIEAREH:, B A St A St &
X (p<<0.01), 5 SOC MK, ¥R GAAHKEM:, A5 OC R, BRI ST A Gt 2% X



4 THRFFHOGARBF R http://xbbjb. swu. edu. cn % 39 %

(p=<0.01), 55 SOC MK, HR OGN, BRI S K AR Wil Se 27 3 X (p<<0. 0.
#2: TRAZESEARMEHARHETRENRAKNEM

- i ocC /7 ROOC,/ 5()ci ROOC/ soc/ K.
(g kgD (g+kg™H (g+ kg % %

Hi CK 6.16 3.25 2.91 52.73 47.27 0. 90
D, 6. 30 3.47 2.83 55.12 44. 88 0.81

D, 6. 86 3.89 2.98 56. 63 43,37 0.77

D, 6. 90 3.98 2.92 57. 63 42. 37 0. 74

F, 6. 36 3.37 2. 98 53. 07 46. 93 0. 88

F, 6. 69 3.74 2. 96 55. 81 44.19 0.79

F, 6. 82 3.91 2.92 57. 25 42.75 0.75

F, 6.88 4.03 2. 85 58. 59 41. 41 0.71

Wi 35 4 CK 6. 30 3.34 2.97 52. 92 47.08 0. 89
D, 6. 49 3.52 2.97 54. 29 45.71 0. 84

D, 7.02 1. 06 2.96 57.77 42. 23 0.73

D; 6.97 4.07 2. 90 58. 36 41. 64 0.71

F, 6. 45 3.50 2.94 54. 38 45. 62 0. 84

F, 6.84 3.91 2.93 57. 22 42.78 0.75

F, 7.01 4,04 2.97 57.62 42. 38 0. 74

F, 7.08 4.16 2.92 58.73 41. 27 0. 70

. OC.ROOC,SOC K, 4 M F# B WK . 5 A UK . 58 M HLak AL i 2 R AL
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(g+kg™) (g+kg') (mgekg % (g+ kg™ (mg+kg™ ') (mg-kg™
Wil OC/(g- kgD 1.000"" 0.343 0.916" " 0. 307 0. 420 0.858"" 0. 552
SOC/(g+kg ')  0.130 —0.723" 0.225 0.831" 0.435 —0.045 —0. 262
K., —0.917" " —0.625  —0.788" 0. 044 0.194 —0.828" —0. 669

Wk OC/(g kg™ 1. 000" —0. 124 0.861"" 0. 646 —0.472 0. 644 0.961""
SOC/(g+ kg ') —0.386 0.352  —0.566 —0.561 0.701  —0.704 —0. 309

K., —0.986" " 0.190  —0.898"" —0.705 0.576  —0.700 —0.942""

* Fl % % SRR A3 NAE 0,05 F 0. 01 K FHEA G E X
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AW SRR HE TR FE ST B R T A LA E SR B LS R A Wi /UL AP 2, R
AN i ST A AT LA (9 7 308 T A, X b 8 ol A 0 2 2 A R R BRI T WL SR b A
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JEA AT, How R TS8R AR G TE A 23 B e, LRl R, R B R A HLBR A K, AT -
A RGR oy MR 0 R R AR bR . M AT S e - AL ) Y i A, TR A MLBEA oy ik — 2B W50

SE

[1] LALANDE R. GAGNON B, SIMARD R R, et al. Soil Microbial Biomass and Enzyme Activity Following Liquid Hog
Manure Application in a Long-Term Field Trial [J]. Canadian Journal of Soil Science, 2000, 80(2): 263—269.

[2] ROBERT L T. Soil Microbiology [ M]. Manhattan: Academic Press, 1995.

(3] & W,k &, #idlw. . WHEKEEERS KR 8 & S s [T, #YE 77 5 k48, 2004,
10(4) . 343—348.

(4] REAE, WWHZR, M d. KY%HS50E A UEXT 2 RUEY A Wa ik, A BEesgm [J]. 124k, 2002, 39(D):

89—96.
[5] M =, SR, EREE, 5. KRR AT S S S R e s SR (1], R34, 2013, 50(5):
931—939.

(6] W B, AEBHAS. BUWE . . A IR0 2B 1F S Bt 3Ny tR s ma 5 (7. K R PRS2 4 . 2005, 19(3): 29— 33,

(7] #hocss, Bk, 42544, . FEFFE M58 B0 R fb ke vk X FoRAERK EFM#m (1] EREBA:, 2013, 21(3):
87—93, 99.

(8] Xlaste, LM, $ A, 45 = WA R L st A O =% £ 48 2 0 AU A0k i s i (D], 79 M R %M (R R B MO,
2013, 35(3): 140—145.

(9] Bk fhi, 80 d41, BB, S S0 PE XN R b A 7 2 508 ) A8 Ak —— DAV B i o 1 [T, 76 R I3 K 2 2
i CHAFEND , 2013, 38(1): 96—100.

C10] - AL EHeR A fr LML dest. s E A G, 2000.

(117 ™M, I wisk [M. dbat. shE AR & A, 1988.

[12] =0Thg. AP B S AR0 L. LA BUE & i b R o B e e e Em v e oo [T, L3244, 1963,
11(3): 286—293.

[13] 595, IMVBLL, £ K, % B SAEE A5 E X T8I0 05z m [J]. 5% 4% . 2003, 40(4): 618—623.

[14] JONES D S. Organic Acids in the Rhizosphere-a Critical Review [J]. Plant and Soil, 1998, 205(1): 25—44,

[15] BOLAN N S, NAIDU R, MAHIMAIRAJA S, et al. Influence of Low-Molecular-Weight Organic Acids on the Solubili-
zation of Phosphates [J]. Biology and Fertility of Soils, 1994, 18(4): 311—319.

[16] #pdm it » R4 S0, WO, 45, 2 7L R inpRbm e 3 BF 2 B3 A ROk i 52 [J]. K LA 35223, 2006, 20(5): 77—81.

[17] X =&, TR, WA, . B A IS S 2 R HZmE R0 (] Y E R SIER =4, 2005, 11(3);
294—301.

(18] %2  #k, KAk, SCFERR. ARG 58 50T DA HUTTE AR B [T, e PRl K24, 1998, 29(1): 59—64.

(191 W, B m, VAR, S5 KM 7 it T X 22 £ F 2 L 20 F s 2B 77 sy s [T, PRt Rl 24 . 2004,
13(3): 121 —125.

[20] sl , MRt I, SE . 15028 Ui VoA HLER B B HORAEHE AR i B9 [T, A9 3 5 R4, 2001, 7(1): 56—63.

[21] BLAIR G J, LEFROY R D B, LISLE L. Soil Carbon Fractions Based on Their Degree of Oxidation and the Development
of a Carbon Management Index for Agricultural Systems [J]. Aust J Agru Res, 1995, 46(7): 1459—1466.



6 THRFFHOGARBF R http://xbbjb. swu. edu. cn % 39 %

[22] £z, EEE, B, & RS AR S R CR [J] AR, 2005, 25(3): 513—5109.

[23] CARTER M R, STEWART B A. Structure and Organic Matter Storage in Agricultural Soils [M]. New York: Lewis
Publishers, 1996.

[24] EW&E. R0, & dt, % LA A PLBREm [J]. A28 % 23, 2005, 24(4): 360—363.

[25] sKA . MUITE. B . 45 BYT - R B IE 4 A A0 Ak R e M B (7], LSRR, 2004(3): 10—12, 16.

[26] W1 AT, A, SRR%, 5. YA HUIEX REERAEDIS R (D] A SRR, 2010, 18(2): 303—306.

[27] SREAR, FhEIR, WA S, MOAEXT SV 0 45 3R A B e A Wy 052 e [T, /K AR 423, 2005, 19(2): 88—91.

Effect of Planting Density and Nitrogen
Fertilizer on Soil Fertility Properties with
Wheat/Forage Rape Multiple Cropping

YANG Rui-ji

School of Agronomy and Biotechnology , Southwest University s Chongqging 400716 s China

Abstract: A field experiment was conducted in Lanzhou, China to study the effects of rape planting density
and nitrogen fertilizer rate on the soil fertility properties of the topsoil (0~15 cm) of wheat stubble multi-
ple cropping rape. The results showed that topsoil soil organic matter, available K, alkali-hydrozable N, a-
vailable P, organic carbon (OC), readily oxidizable organic carbon (ROOC) content and N utilization effi-
ciency increased significantly and soil stability organic carbon (SOC) content and oxidation stability coeffi-
cient (K, ) decreased significantly by planting rape after wheat, which suggested that the plant pattern of
wheat/forage rape multiple cropping could improve soil fertility of cropland. During the seedling stage of
the rape crop, soil organic matter first increased, followed then by a decline, total N decreased steadily,
and N utilization efficiency, alkali-hydrozable N, total P and available P increased gradually with the in-
crease in planting density; soil organic matter, total N, total P and alkali-hydrozable N content in the top-
soil were enhanced but N utilization efficiency and available P decreased continuously with increasing nitro-
gen rates. During the harvest stage of rape, soil organic matter first increased and then decreased, total N
and total P steadily decreased in the topsoil, while alkali-hydrozable N, available P and N utilization effi-
ciency increased continuously with increasing planting density; soil organic matter, total N, total P, alka-
li-hydrozable N and available P content gradually increased, but N utilization efficiency dropped continu-
ously with increasing nitrogen rates, though the difference was non-significant statistically. Throughout
the growth stages of the rape plants, soil OC, ROOC and ROOC percent all increased gradually while
SOC, SOC percent and K,, decreased continuously, and the difference was highly significant statistically
(p<<0.05, PLSD). Soil OC on the topsoil and soil K,, were in highly significant positive and negative cor-
relation, respectively, with soil organic matter, alkali-hydrozable N, available P and available K, indica-
ting that soil OC and K, can be used as indicators for characterization of the utilization potential of soil a-
vailable nutrients.

Key words: cropping density; nitrogen rate; multiple cropping rape; fertility properties of soil; oxidation

stability coefficient
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