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ity Hhy A A0 VAT P 5 vk BH T R KR X BLBE A B
Ff(41°317 N,123°22" E) , J& B b 47 2 8 ¥ K fifi
PES M AEE R T ~8C, = 10°C % 3 LR
3300 ~3 400°C , 4F [% Wi & 570 ~ 680 mm, +
JE Y g B 8 HE S B AR A A (b ] R B
KK RES N EIRIMAMEE +, Hapli-Udic Cam-
bosols) . +RIRIE , N &k A, LA Fe Mn
SEN W) O HE T, PR o ALK R B B, BE R

IR X F 1989 47 g il i 15 B, 1% A 34 B A
IR, A 4 S AR B Ak A W], 1989 4R T 4R % B

K H (KRG ) R ML (EK) AN T (AN T4
REFR) 3 A AN [) + Hi A 5 kg X, Hor, K H
5 X HE Bt F Ol SR 450 kg hm ™? a ™! B R
TBE 150 kg hm 7 a ! 4 ARH 112.5 kg hm a7
53 56 IXIE R B R IR 3 300 kg hm P a !
iz —#¢ 150 kg hm 7 a™' G4LHA 75 kg hm % a ™'k
bt 56 DA Tl JE R, Al A 2 29 3 em, fiE K
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i Y AR AL BT DL R 1, R b B S 3 W E 2
JE 45 R .
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Table 1  Physical-chemical properties of tested soil
R HE A HLBE ) ot Ex i ik R R R
PN T
Depth pH oM Total N Total P Total K Alkalysable N Avai P Avai K
Tested soil . . . . . . .
(em) (gkg™ )  (gkg™) (gkg™ ) (gkg™ ) (mgkg™ ) (mgkg )  (mgkg ')
0~20 6.61 16. 07 1.32 0.59 49. 86 80. 49 25.52 103. 38
K
20 ~40 7.51 12. 47 1. 10 0.38 48.17 56.01 6.98 57.46
Paddy field
40 ~ 60 7.67 8.04 1.00 0.39 48.72 47.50 5.52 69. 61
0~20 5.79 15. 42 1.54 0.41 50. 07 95.51 8. 66 85.24
ey
20 ~40 6. 88 11.19 1. 04 0.35 47.59 60. 30 1.97 61.99
Upland
40 ~ 60 7.08 5.59 0.99 0.34 48.99 63.95 6.91 91.57
0~20 6.88 27.67 1. 64 0.46 50. 48 117.6 8.72 182.0
AR
20 ~40 6.91 12.52 1. 06 0.38 49.52 62. 00 3.85 93.20
Forestland
40 ~ 60 6.82 12.70 1.01 0.45 49.23 45.12 3. 69 58.29

1.2 SHNEDHR A X

T A WL FE A 50 2 ok A Bremner 75, HDEE
R+ AEF 6 mol L'y HC1 F 120°C 7K fi#t 12 h, 4K
JEARYIN K i h WS R R SR A
BAEIAME R Hh, WS A YR E ; WA
AEARMABEZR B, A A + RS A
pH 11.2 W@ &L — MR 5 22 vh I Z8 VR 78 1 1 &
FERR A E e = A Ak, B R Eh — B R R 22 vh i 28
TRZE TR 5 AR TR i 25 0 R A 2 5 285 0 R R Jn 2
FUH 20k Rk 8,

- 4 A U SR A LG Ak s R AL
KM C/N/S JLE 43 Hi AL ( Elementar TIT %, 7 [ )
s HAY 4 B LA A 2 M BT e ¥R R R 4 AT
Fik s
1.3 HiEATE

AL LR AT DPS V6. 50 %l it 4t i1k 44, LSD
B2 E R SCR BRI 3 W T MR

2 HiR5Mr

2.1 TiFAARNN T ERER . EBRBERSER

& T 43 1 B9 R T

K HI Bremner ¥ +30H MR 5> 0 R R AL S AR
(178 NG s P N i e w5 25 B = Wl w9 7 )
MAEM A SR E 1 R, 3 Fh s R 7 =0+
Sy el R N T N O iR = 9 B
PIERYES T ERINTIE S 3 -l Qi NI iU |
AR 53 A A b A Oy 2 b R R R A &
WK TFRMBA S

TR vt SRR AE I A [ 3 45 4 F RE 5 4 6 mol L~
HCL K g IR E o A DL A . 3 b IR i AL &
1 A5 Ak 5 il R 257.6 ~813.6 mg kg ™' ;L4 0 ~20 cm
T Z R R Ry, FL R AR S bk > 5 b >
AKHT, 5K A e AH H, 5 b R AR - B R A R
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I 0E B4y 5 R 17, 1% F1 34.3% ; AH A 25, 0K
5 5 AR 22 1] L R i R & i 22 Rk 1%
KO 7 5 b RN AR b 22 TR B 20 ~ 40 em £ )2 Ak
- HER A A 22 IR 1% BE K.
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HCL K figt B ARFB o A AL Ao 3 Bl IR i 0 7%
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Note: Different uppercase and lowercase letters mean significant difference at 1% and 5% levels, respectively, between soils different in land use

but the same in soil depth
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Fig. 1  Acidolysable N and non-acidolysable N in soils different in land use
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211.3 mg kg ™' K HFIARHE +HERH MRS A S &
Y6 A )22 % B2 1 52 5 B AR S 1 ke A, Hd, ok
HEHERRERESALL 40 ~60 cm + 2S5 E M EE,
M R A Z N LL 0 ~20 em + )2 & & ik
e TR M 39 A R S R o U B 2 TR B
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Fig. 2 Fractions of aacidolysable N in soils different in land use
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(LT B 45 g ep L S R R T A A0 R
JE SRR R AR EY T i 2c

AIOL, 3 b A R RS A R AR R LR
20.2 ~110.3 mg kg ™' 3 B+ F FH 75 =L A L
0~20cm LR ERENES B RESRNIIHE,
EEWF LI M &2 R 1% BEKTE. 5
K H A A B, 5 b bR M S S A A
TN B 43 591 2 46. 3% F1 85. 5% . Ak, 7K FH 5 Hb,
S S E A A R Y B R 2 R B R 2 S B AIG
RN RTINS ke =1 9 N e =L i o =
TR B 38 0 52 2 i R I R
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Y S B AL S s Kelley 51 B98I0 R 25
REENE o2 B A N-8 G 5E 5 BE R 285 /R s

TN o e 7 W 0 NI Y 0 i 53 g A 7 Y1 9
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Fig. 3 Proportions of various fractions of organic N to total N in soils different in land use
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AR, T4 R 3 ok U T e A L R R
RARMAIEMSR . AW 3 Fh 4
77 3 HE R A A% £H 4 R B L IS A3 L O ~
20 em MR, 5K A L, 5 S Ao 3
PIMRRN T AS A E RS A M A S A A
G EG ), 2 T A TR A R i
Sy He A o FG R e S A A R e R A I
B A9 574 3 B S KT PR, 0 R R A R
25 0 5 LA T L 191 S 0 Y S/ T bR b R AR A
AR I L R R T A M. A 5

A (REAE + ZEMEA + RS E) B LK
SRk E 3 R A O X Z E A R 2
S, K H R AR I S A ( S A + '
PRAR + @RS E) BRI N 256.9 mg kg™
426.7 mg kg ™' 1 500.3 mg kg ™", 4L L i 43 0k
19.5% 27. 6% #11 30. 5%

B MG IRE TSN, A WL A 4 N A7 B
PR 2% AT ) ) Ak 7 0 552 e i e B A 8 A, R T DT
XS 0 ~20 em + JZ A HLALH 53 19 52 W0 d5c oK 5 46 AR
M BCHFERN MR B 5, B T AR R BT, A
S0 Sk 25 A0 0 36 A s otk T L g A B 5 i
T A LR ) 4R I A A O T 1) R, AR
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AT gt W, A BE 5T i A5 10 4508 18 AF AE — € 1
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e IR AR K

2 % X B

[ 1] Stevenson F J. Organic forms of soil nitrogen//Stevenson F J. Ni-



746

i 49 &

(3]

(6]

(7]

[10]

[11]

trogen in agricultural soils. Madison Wisconsin, USA: American
Society of Agronomy Incorporated,1982:67—122

E RS R . R R RGP AR LR
R 2 19 BF 58 HE e N AR 35 = 4, 2004, 15 (11) : 2 184—
2 188. Wang C H,Xing X R, Han X G. Advances in study of fac-
tors affecting soil N mineralization in grassland ecosystems ( In
Chinese) . Chinese Journal of Applied Ecology,2004,15(11) :
2 184—2 188

AN TR R B L O LA S B T A R B BT 5
K LA FEERF 5T ,2003,10 (1) :46—49. Peng L F,Hao M D, Lai
L. Soil organic nitrogen compounds and the research of its mine-
ralizable models(In Chinese ). Research of Soil and Water Con-
servation, 2003 ,10(1) :46—49

ARG, LR £0 08 I B XA S [) i A A5 =K% 7K B 45 5 i
A 00 PP A A Ml R B B o7 24 4, 2004,23 (1) :67—T1. Li F,
Wang K R. Assessment of risk of different fertilization models in
rice field on water environment pollution in a sloped red soil (In
Chinese) . Journal of Agro-Environment Science, 2004,23 (1) .
67—71

e 3, 2 75 i ke B K 0t T ko b A LA 4 AR I 5
). F [ ek B 2, 2004,37 (1) :87—91. Ju X T, Liu X J,
Zhang F S. Effects of long-term fertilization on soil organic nitro-
gen fractions ( In Chinese ). Scientia Agricultura Sinica, 2004,
37(1) :87—091

BN, AT W 2 GF R T BRI A S R g K e AT
X b A LA S R AR W R R S I v T ARl B
2004 ,37(6) :859—864.Li S Q,Li S X,Shao M A et al. Effects
of long-tem application of fertilizers on soil organic nitrogen com-
ponents and microbial biomass nitrogen in semiarid farmland eco-
logical system ( In Chinese ). Scientia Agricultura Sinica, 2004,
37(6) :859—864

Mulvaney R L,Khan S A ,Hoeft R G, et al. A soil organic nitrogen
fraction that reduces the need for nitrogen fertilization. Soil
Science Society of America Journal ,2001,65:1 164—1 172

2R LRI A R T XN TR T AL AL o AR A
WF5E. 7K AR 45 F 58,2003 ,10(1) :55—57,84. Li L. X, Hao M
D,Peng L F. Research on variety of soil organic nitrogen compo-
nents in artificial herbage land on Loess Plateau (In Chinese ).
Research of Soil and Water Conservation, 2003, 10 (1) :55—
57,84

ORI, M5 #E 0T S KIGAL S5 1R X 3R R AL
RS B ARl BR T B 2 2 42, 2005,24 (6) -1 127—
1131.Fu D Y, Tian X P, Xue J F,et al. Effects of long-term cul-
ture fertilization and tillage patterns on the speciation of organic
nitrogen in Albic soil(In Chinese). Journal of Agro-Environment
Science,2005,24(6) .1 127—1 131

W4T, gk R e, B R, A5 W T R X AR - R HLAUH
53 e FTH] 43 A5 RS K AR5 2% 41,2007 ,21(6) :99—104.
Ji J H,Zhang Y L, Huang Y, et al. Effect of different irrigation
methods on forms and profile distribution of soil organic nitrogen
in protected field(In Chinese). Journal of Soil and Water Conser-
vation,2007 ,21(6) :99—104

SRUEYE, LA, BN 7 K 0 T X 21 e K RS A DL A

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[21]

[22]

S RZ . N A A 2 ) ,2008,19(8) 11 721—1 726. Zong H
Y,Wang K R, Xie X L. Effects of long-term fertilization on soil
organic nitrogen components in paddy soil derived from red earth
(In Chinese ). Chinese Journal of Applied Ecology, 2008,
19(8) .1 721—1 726

E i, sk AR, RAR L. K HE E X i G E 55 - HL AU S
M52 . A 25 3R 88,2008 ,17 (2) :699—703. Wang K P, Zhang
R Z,Suo D R. Effects of long-term fertilization on the speciation
organic nitrogen in irrigated desert soil( In Chinese). Ecology and
Environment,2008 ,17(2) :699—703

e T e 0, AL RN RE o0 A X A A ML R AL 4y
KHTE 43 A 0 52 . [ ARl B %%, 2009, 42 (8) 12 820—
2 827. Gao X N,Han X R,Liu N, et al. Effects of long-term ferti-
lization on organic nitrogen forms and their distribution in profile
of a brown soil (In Chinese ). Scientia Agricultura Sinica,2009
42(8):2 820—2 827

E M, SRAZBS , FRIR L. KU AL X ] 7Y 3 b LU 4y
Fe w1 43 A6 B 5 M. b 858 4z, 2009,40 (5) 11 092—1 097.
Wang K P,Zhang R Z,Suo D R. Effects of long-term fertilization
on forms and profile distribution of soil organic nitrogen in irriga-
ted desert soil (In Chinese ). Chinese Journal of Soil Science,
2009,40(5) :1 092—1 097

Campbell C A,Schnitzer M, Lafond G P, et al. Thirty-year crop ro-
tations and management practices effects on soil and amino nitro-
gen. Soil Science Society of America Journal,1991,55:739—745
L HEORIR, s g A kLA B R A R B S A A A
M &R . 3244 ,1993,30(1) :19—25. Wang Y, Cai D T, Shi
R H. Availability of fertilizer residual-N and its relationship with
distribution of residual N fractions(In Chinese). Acta Pedologica
Sinica,1993,30(1) :19—25

BRI, R H L. A B A A2 21 4 76 L3P R e A TRk
244 ,1986,2(2) :17—25. Huang D M, Zhu P L. Transforma-
tion and distribution of organic nitrogen forms in soil(In Chinese).
Journal of Jiangsu Agricultural Science,1986,2(2) :17—25
Keeney D R, Bremner J M. Effect of cultivation on the nitrogen
distribution in soils. Soil Science Society of America Proceedings,
1964 ,28 .653—655

B AT IR A A AR 2 R G A R R R A
Jefra . AR i), 2002,22 (3) :379—386. Li S Q,Li S X,
Yang Z L. Constituent and amount of amino acid in different eco-
logical system soils (In Chinese ). Acta Ecologica Sinica, 2002,
22(3):379—386

Stevenson F J. Cycles of soil carbon,nitrogen, phosphorus, sulfur,
micronutrients. New York:A Wiley-interscience Publication, John
Wiley & Sons,1986:173—178

ARG B, R 2L, 2 AN TR b A Oy SO A HLR
2143 K FC T 43 AR 6 5 WL RL W E R 500 A2 4R, 2007,
13(1) :22—26.Zha C M,Yan L,Hao C H,et al. Effect of differ-
ent land use systems on the form and distribution of organic nitro-
gen in brown soil (In Chinese). Plant Nutrition and Fertilizer
Science,2007,13(1) :22—26

. R A AL S 87 J7 i B AT R E R AL B R
#t,2000. Lu R K. Analytical methods for soil and agricultural



4 4] K RIS o RIS ] e A 7 0 30 A A BIL 2R 4 23 K ) TET 23 A 4R 747

chemistry (In Chinese ). Bejing: China Agricultural Sciencev and distribution of forms of organic N in soil and particle size fractions
Technology Press,2000 after long-term fertilization ( In Chinese ). Scientia Agricultura
(23] PRHCOE, shsiAn. AR b e A L% 00 fb 2 20 43 B A Btk Sinica,2002,35(4) :403—409
WFoE. - HEE 4R, 1990,21 (2) :54—57. Shen Q R, Shi R H. [28] Kelley K R, Stevenson F J. Forms and nature of organic N in soil.
Study on the distribution and bioavailability of forms of organic N Fertilizer Research,1995 42 .1—11
(In Chinese). Chinese Journal of Soil Science, 1990,21 (2): [29] Z4M A% LA SSA AL S W CR. MY E R
54—57 5 ekl 24 4z ,2003,9(2) :158—164. Li J M, Li S X. Relation of
[24] UBZ. PHEARMEEAEES//ZRKR, OB Z. b E -5 mineralizable N to organic N components(In Chinese). Plant Nu-
AHE. WA LR RS B AR AL, 1992:3—26. Wen Q X. trition and Fertilizer Science ,2003,9(2) :158—164
Content and forms of soil nitrogen//Zhu Z L, Wen Q X. Nitrogen [30]  Em7% i, K% E 5 A XK AR A S RFE LA £
in soils of China (In Chinese ). Nanjing: Jiangsu Science and B AT AL ﬁfﬂﬁﬁnﬁzimﬁi M2 5, T 5 X R st ,
Technology Press,1992.3—26 2004,22(4):21—27. Wang R J,Li S Q, Zhang X C, et al.
[25] RE=. HIEAVERIEES A L H S0 bk, 35 E i, Difference of soil organic nitrogen components and microbial bio-
1986,17(2) :90—95. Wu G Y. The forms, distributions and its mass nitrogen under different eco-system in northwestern China
decomposability of soil organic nitrogen ( In Chinese ). Chinese (In Chinese ). Agricultural Research in the Arid Areas, 2004,
Journal of Soil Science,1986,17(2) :90—95 22(4).:21—27
[26] HLIRfE, R F. LHERAA. TR ,1992,20(2) ¢ [31] &35 ,24F%. T MARy S MR V. LA
18. Zhuo S N,Wen Q X. The unknown nitrogen in soil (In Chi- LR A 5 B L k. 78 db A ol K 24 2 4, 1992, 20 (34 9 )«
nese) . Advances in Soil Science,1992,20(2) :11—18 63—67.Fu H F,Li S X. Soil nitrogen mineralization and soil N-
[27] #BAF, o, oh 2% KUt FH A HLAE X 4= 38 K AN [R) R0 9 supplying capacities: IV. The organic N components and minerali-
TR AN A FES 20, B E LB, 2002, zations ( In Chinese). Acta Univ Agric Boreali-occidentalis, 1992,
35(4) :403—409. Xu Y C, Shen Q R, Mao Z S. Contents and 20( Suppl) :63—67

EFFECT OF LONG-TERM LAND USE ON FRACTIONATION AND PROFILE
DISTRIBUTION OF ORGANIC NITROGEN IN AQUIC BROWN SOIL

Zhang Yuling '**  Chen Wenfu '*  Yu Na '’  Zhang Yulong ' Zou Hongtao '*  Dang Xiuli'*

(1 College of land and Environment ,Shenyang Agricultural Universty ,Shenyang 110866 ,China)
(2 Key Laboratory of Northern Rice Biology , Genetics and Breeding of Ministry of Agriculture ,Shenyang 110866 ,China)
(3 Key Laboratory of Preservation of Northeast Cultivated Land ,Ministry of Agriculture ,Shenyang 110866, China)

Abstract Contents of fractions of organic nitrogen( N) in the soil profiles of fields that had been under different land
uses ( paddy field,,upland and forestland) for 16 years were determined with the Bremner method. Results show that non-
acidolysable N was the dominant fraction of organic N in all the three soils(0 ~60 cm in depth) ,and the contents of acido-
lysable total N and acidolysable soil organic N fractions and their proportions to total N were,on the whole,the highest in
surface s0il(0 ~20 cm). The content of acidolysable total N in 0 ~ 60 c¢m soil layer and contents of various acidolysable or-
ganic N fractions in 0 ~40 cm soil layer decreased with soil depth,but the proportions of acidolysable total N and various
acidolysable organic N fractions to total N in 0 ~60 cm soil layer did not show any obvious regulations. Within the same
soil depth,the paddy soil and the upland soil showed a similar regularity in contents of acidolysable total N and acidolys-
able soil organic N fractions and their proportions to total N, that is,unknown N > ammonia N > amino acid N > amino sug-
ar N, while the forest soil,did not show any obvious regularity in this aspect. Compared with paddy soil ,upland soil and for-
est soil were more likely to increase the contents and their proportions to total N of acidolysable total N, acidolysable ammo-
nia N,amino acid N and amino sugar N in the surface soil layer. In upland soil, the increase in acidolysable ammonia N
was more significant,while in forest soil,the increase in acidolysable amino acid N and acidolysable amino sugar N was.
As a whole,when paddy field was turned into forest land,the increase in eadily decomposable acidolysable N was the most
significant, thus indicating that its potential of increasing soil N supply is the highest.

Key words Aquic brown soil ; Land use patterns; Organic nitrogen fractions



