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B, IR A VLRSS & B FrimtO, Kaur #1 Singh™ ) 43 - b ML BT R
B, BHLEHUIEECHE T B A ML BN — 2538 T 7%~34%, Xu 25150 0r 7350
TARFEBR AN E SR, KIAPUTCHUICED i 3 ZE 3 I RS R KT 2 pm RifEH
HEMARESE, MAEAVIEHAERSN, LUNT 2 um B PR AR S B mt,

BT R EON E ARG, X IR S S SSMIRZE, BRI T
TEERNRE SN EE S BRI, FFREAHEAAS Rt B ook - B 2R AR B A LA
SR TT X TR AR UM AR LA R RE ) MR R R R e B EEE . A
AF 703 T B A e A AR RS, A 7K AN (Rt A e T sl [ 2R 5 A AR AR AE
B AE X B SRR R RIS S B S A s, il e & B ARSI S HIBAE 4t
BB SCHF.

1 MHESEITA

1.1 R XER

BRI AE A [ AL 2B FofRV AR S 9280wl (35°00'N,114°24'E ) REAT o i3 IX A%
RACR N AR P RR IR AT = A%, FREN 13.9 T, ZHETHF/KEZ 605 mm,
TeRaHA 220 d Ao . ISR AR R B T A SR -, B E IR ORI L
1.2 I

KW e At eI 4G T 1989 K=, K/NEIRE EKBE—ERAG], R IEHTHE
143 (0~20 cm) FIERALYER J9: B HLK 5.83 g kgt 4% 0.445 g kg™t A &k 1.93 mg kg
HAE 78.8 mg kgt pH 8.65, HABIEAL LT KRG Bt S WOCHR[14]. AR K 5 it
IS 358 A ARl S FE A ML A 20 IR 52 ), ASHTE 932 B : AN e IE CCRKO L AL AR LB (NPKO)
12 HHUEE+12 ALAEE (1/20M). AHUIE (OM) PUNAREE, AEREG A58 JRE. i
WERRES . BRFEREN, JHACE R 1.

%=1 BB EHERE

Table 1 Fertilizer application rate in the experiment relative to treatment/(kg im™)

AP
N P,Os K,0
Treatment
CK 0 0 0
NPK 300 135 300
1/20M 300 135 300
OoM 300 135 300

VE: CK: AHEAE, NPK: {LAREBEET, 1/20M: 12 AHUEE+12 LES&, OM: AHLAE. FIE Note:
CK: no fertilization, NPK: Application of chemical fertilizers only, 1/20M: Application of half the rate of
chemical fertilizer in Treatment NPK and half of the rate of organic manure in Treatment OM, and OM:

Application of organic manure only
1.3 HmERESHH

2016 F 10 A H T KRG, K4 0~20 om T3ERE, BAYVDNX LLS" £ S HURE, %
KB HRER EARBLENTT, T EANBEAE ERAT o RV T 00 L RE kAT 07
gy, ESIRAR 3 MR EIERAR, 23 00o8>2 mm. 0.25~2 mm. <0.25 mm.

T LRSS HN5E K Bremner £, b, W2 f# A H1%(( Total acidolyzable nitrogen)
YL T, MRRE 2% (Acidolyzable ammonia nitrogen) JHE AL EE 2152, B
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AN AR A (Amino sugar nitrogen) [ & B IR 26 -0 N2 SR 22 i VR 2R 28 IR E
A% (Amino acid nitrogen) FH Bfi =B 5 A/ IR S5 -0 2 R A A2 e fnﬂ&zﬂ%#
M f % (Non-acidolyzable nitrogen). ZHEHES%E . BRAFAAZASZ (Unknown-acidolyzable
nitrogen) & (A (1. K (). & (3)). THAECRA LMYl E e,

T

if’flT f%

FERBAVA=22-RAEIE D

TS E=[(RF USRS RO - R SE] x1.4 (2)

TR A ISR =R A A VAR AR SR - BB SR - A (3
1.4 HIREAIE

AR 498 5% 2 AT SR A 10 Jo B A9 B HL X R 0 B kR A i B A s R
PR BRI B R AR

9 F| S A 1 = %100% (4
FH R A R = L] = PYSTEE TRy
SRR R AR IEE B x S P FAR N B E L d00% (5

Mz & E

TR HE K Excel 2010 A1 SPSS 21.0 #E47 v & AN B[R 27 Z2 4047, B /N 8 38 22 57
(LSD) 3T B AL .

2 4 B

2.1 AEMEEAIETIEFARARER

FAE KT 2 mm F 5 AR T = HYE FIE 39%~54% (K] 1), 1/20M. OM &34
TRT 2 mm BIREFR RS (P<0.05), % CK 7:7l#m T 13%~14%, % NPK 43 338N
T 17%~18%, 1fj 0.25~2 mm [ 445 & b 6 B 3 4k . R, SaARp 2 L3/ 0.25
mm 15 AR 57 & A7 B AR 19%~37%.

70 r m>2mm E0.25~2 mm 0<0.25 mm

gates in mass/%e

REM AR

P A

Percentage of

NPK 1/20M OM

JE T Treatments

H: ANFE/NG FREROR A — KARAEAN [F] Ab ¥ A 22 e ik B 12 3 7K P (P<0.05). T [A] Note: Different lowercase
letters mean significant differences (P<0.05) between treatments within the same fraction of aggregates. The same
below
B S (e ot A Ak ¥ T 3 A SR A4 1 Jo 2 B 49
Fig. 1 Mass proportion of aggregates relative to treatment

SRR 27 a 5, BEELHEARA P ARG EREEWNN (H2a). 5 CKAHLL, K
B’ﬁ%ﬂﬁw’ﬁ%m RiEH 2R G5, B BIRARAR RN, 890287374 60%. 68%. 60%:
T A NUEE— B2 T A RAE T 2R R, H OM LABHURIL T 1/20M, FE%& B 4
RLAZRUR/N, 5 1/20M KbFRAF RGN 16%. 26%- 20%. At ~, ASFEIRLE R A
AR IKICH 0.25~2 mm. KF 2mm. /~F 0.25 mm [

http://pedologica.issas.ac.cn



B
Acta Pedologica Sinica

AT it AR AL EE A R AR R R B DT ERR A BT ANIE, il 2 b frs. e AVLUIEE E S
TRT 2 mm FIRAE SR TTERER, B CK 1T 36%~40%, % NPK B T 21%~24%.
SAMEEAH L, HEARFEAE T /N 0.25 mm B R 2R A vTRk, 1/20M AbBERCR o8 3

=>2mm  B0252mm O<025mm - b =>2mm  @0252mm  O<025mm

a
16
~ 14
) a
2 b
b
c b
S c
g 4 d
3 o2
00
K NFK

a
a
V20M oM

CK NPK 1/20M oM

K2 HER RGP 2RSS E (@ KENEREENTIRE (b
Fig.2 Content of total nitrogen in soil aggregates (a) and contribution to TN (b) of the soil relative to fraction of
aggregates and treatment
22 FEIARAKE RS ERERK
T AR SR A Y R AR LR S 147.9~837.7 mg kg, o5 I 36%~72%
(£ 2, MiEEFE MBI RETREAIASE, UL OM IR EIE, B CK &5 4 fif
(P<0.05), # NPK #£ 94% (P<0.05), HAHIAEZRAT KT 0.25 mm B A, JE
WA WL &8y 253.2~497.6 mg kg™, 5 I A 28%~64%, Ll 0.25~2 mm [ E ik
AR Z -
2l 27 a MEIERE, NPK AHEERSA S ELZE ST CK, 1/20M. OM ALRAE:
NPK 43 A2 T 27%~52%. 45%~95% (£ 2). CK AbHErH/NTF 0.25 mm 57k rh & 3L R &
FEERGE, 0.25~2mm BIRAEPEEEK, NPK. 1/20M, OM ¥ 52 Hijk. B H

RIS H S HIESEN 11%~23%, S5H5EEMEL, AHHEEER S T KT 0.25 mm
FHREREREE S BN B,
& R e AR & B 70.3~265.8 mg kg b, (AU 15%~24%. NPK. 1/20M. OM 5 CK

AL 3 7 0.8 f5~1.2 5. 1.4 f5~1.9 fi5. 2.0 fi5~2. 8 &5, 1/20M. OM 4b##: NPK 4>
WM AN 28%~33%. 57%~73%. SHABGACAFEA L, KA RILIE T ERE T KT 2 mm
R R ARG

B RIS RS B R K(3.9~15.0 mg kg ™), 7E H 3R h AT EL I A 1%~2%.
F AL ER S A S T IR ZOE S A S &, DL 1/20M A B B, b IR
1) 1.1%~1.4%. HIZRAF Z IS & &l S 2MRK N 0.25~2 mm. KT 2 mm. /M7 0.25
mmo.

TR RIS R S EIGHE N 14.4~271.6 mg kg™, H2EM 4%~27%. 5 CK Mk, NPK
AEFEPR AR AR S E RS 1.6 f5~5.5 £5, LIKT 0.25 mm BIEREREARMERA S E

;. 1/20M. OM AbFEEE NPK i3 — 425 7 0.53 1%~1.84 1.

® 2 AEIARAETARGEINERAS S ERAER

Table 2 Content and proportion of organic nitrogen in soil aggregates relative to fraction and treatment
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>2mm 0.25~2 mm <0.25 mm
AR A AL e Naa ]| ReceNan (]!
, it a8 _ o _ o _
organic Ratio to Ratio to Ratio to
. Treatment  content/(mg k content/( content/(mg k
nitrogen 1 total N total N total
g7) . mg kg™) . g7) .
nitrogen/% nitrogen/% nitrogen/%
BMAENE CK 176.944.1d 41 166.34.1 d 36 147.942.2 d 37
Total NPK 437.748.2 ¢ 64 430.846.0 c 55 348.6424.3 ¢ 54
acidolyzable  1/20M 701.748.0 b 72 621.248.0 b 59 473.04205b 58
nitrogen oM 776.449.2 a 68 837.7H2.3a 63 657.3H13.4a 67
EmMAEN  CK 257.234.1 be 59 301.544.1d 64 253.2#2.2 ¢ 63
S NPK 249.448.2 c 36 354.646.0 45 291.3+24.3b 46
Non-acidolyza 1/20M 270.1#435b 28 435.048.0 b 41 347.84205a 42
ble nitrogen  OM 357.149.2a 32 497.6+12.2 a 37 3254H55a 33
FE CK 46.041.0d 11 53.843.4d 11 58.0+1.7 d 14
BWEMRER
] ] NPK 136.644.6 C 20 146.648.3 c 19 116.749.68 c 18
Amino acid
i 1/20M 201.6+11.8b 21 223.145.2b 21 1479+14b 18
nitrogen
g oM 255.043.7 a 23 285.3H25a 21 169.2#12.6 a 17
RS E  CK 74.743.0d 17 70.3%2.8 d 15 71.5#.3d 18
Acidolyzable  NPK 161.84#.9c 24 153.24829¢c 20 131.6H1.2¢c 21
ammonia 1/20M 214.6+4.5b 22 202.3#.4 b 19 168.845.0 b 21
nitrogen oM 253.745.6 a 22 265.846.2 a 20 213.7H.9a 22
e CK 6.440.6 c 1 3.940.9b 1 4.1140.3c 1
ISR
. NPK 11.3#1.4b 2 12.94)9a 2 6.241.6 b 1
Amino sugar
. 1/20M 14.040.7 a 1 148+6a 1 9.140.67 a 1
nitrogen
OoM 11.140.8b 1 15.02.3a 1 6.640.8 b 1
A mE CK 49.94+.7d 11 38.343.0d 8 1444254 4
= NPK 128.046.5¢ 19 118.2#7.1¢ 15 94.148.8 c 15
Unknown-acid  1/20M 27153454 a 28 181.04.4 b 17 147.24354 b 18
olyzable
. OoM 256.644.2 b 23 271.6x.6a 20 267.7124.0 a 27
nitrogen

T RAPEAE T MEHRHERE, ANF/NG T BRI R — WA ] SR 57 B LU A7) AN [ A 2R ) 22 S ik X 25
7K~ (P<0.05) Note: Data in the table are of meanzstandard deviation. Different lowercase letters mean significant

differences (P<0.05) between different treatments within the same fraction of soil aggregates

3 W it

3.1 KHIS AR E L H R A R AR E D HIF T

TR IS 5 R R AR LA R VI R . BATAEA B, K A IE S
THHE LR KT 2 mm BIRAE SR, 5 Chen 0955 5L, BV R K E A E R
) 39K A R 0 B A R R T, A B Ut AT R e VAR 2 R B ),
BETT RN R VR e A, 8T 2 mm BER AT e Rk s, RIIK
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A RAE TR R & 7 T RAF BB

SR ERA L, KR T 25w 1 KT 2 mm PR AR P AR A S L. R
e U U 1 39 P LA ) A RS 4 [ s A P, it PR A R B 1 g v
SESHREE, AN TRMESER R hh, ARV, LR 138K FZR AR 15
i BP0 MREHRECAR JUARIE s FE KT 2 mm BIRAR Y, BRRALAS E 512N ] SR A 4L
REY), AIAER BT KT 2 mm FZRAR A BATRE (IR P PR RIS 52 542 1/20M. OM 4k
B RS R B BRI N, (AR EHIKT NPK AbEE

3.2 KHAiE AL F Rk R A B RA TR

ANUFRAE Y IR R A R A5, AE B G R TR 1 AR R KA
HUIEAE 30 HUBR & B KR AR Y, I8 0 T VPR A ISR, R T A R A
e AWtFTr, HEAANULEZEEIN TR LT 2 mm BRG] (8 D, B8 T
e EE R . (ER, X RSP SR, A 8 a KE AN T>2 mm H5R ik
oA, ATRe T BU R AT T SR A e — o A B R B AR I 22 S, ARHIE ST R P R R
Pt WORIE R YU SRR, X R PIRE T e ML
191.8 g kg™: A RMAL AR, LHE T ARG A R, RN AHILSEOR
T 2 mm BIEARPAHUBEHrE R, AIAH T KT 2 mm BRI

AHUIEAL B 25 5 e i) B2 3R R SRR S BN AR R RIS RS & A Fe el 3
AR EEZNE AR MY, 22 LRBE BT gL P s ey itk
i PR AT AN 525 48 R SR A A e A, T B RE R R R e 1
- R SR A LR AL SR L AT R ER H R AL, LR EERA R
R e A, R PRI T L5 S R SR, s R IR RE P
3.3 KEABHTH ABEChExt HI R A R H B R E 5 B0

AHTCHUERS XS B SRR 5 OM AbSEARML, S0t T LI K SRR . 3%
PV g R, A HLEAUR LI R TR i B2 R e AU R I RN
AHLTEHUIERCHEA T REIEA WL ) 70 i, AITRZm B IR AR, X T e 5 A FLEHLAL A
[P

ABFFCH, A HUIETCHUALACHE FE 5. 2 12 i K IR AR S 55 &, HAE K R Ak
(& BT E R A, 5 Ding SR 4 RSl BRI TR AR R IR T e
2R BE MR B, T A LR AN B R T 2 B EE v DR R E AR (B
FCE AR ) P ER RBAFESES Oy, IERRRERE T, EREEEA A
ERREA AR BB m ket AT PR, A EIE f LR K F
BB R AR TEE BLENREEH . A, REMSERSTERRD, HRARLE TR
ARG R R T R AR

4 4 i

K A A HUAE B 4 = 1 L2 0T 2 mm BRI ELG], [ FEAE/N T 0.25 mm
HIRAKFRLLG], 53 7 H3RAs . RE R E R R PR RS LG ', SHHR
PR PR A FLRA 2>t m BUIRAR VO RR B S R BRI SR BRI AR TSR B S A
b, KIIBBEAAE FZH = 7 RT 2 mm JZRAR R A A LU, it P HLAE 2 25 18
T RIS BB AR SR G E LB G, A R IR R AN A
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Characteristics of the Fraction of Organic Nitrogen in Fluvo-aquic
Soil Aggregates under Long-term Application of Chemical Fertilizer

and Organic Manure
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Abstract [Objective] The objective of this research was to investigate effects of long-term
fertilization on formation of soil aggregates and the fraction of soil organic nitrogen therein in
fluvo-aquic soil in the North China Plain, and consequently nitrogen supplying capacity of the soil
and its mechanism. [ Method] Undisturbed soil samples were collected from the four treatments,
i.e. CK (no fertilization), NPK (Application of chemical fertilizers only), 1/20M (Application of
half the rate of chemical fertilizer in Treatment NPK and half of the rate of organic manure in
Treatment OM) and OM (Application of organic manure only) of the long-term (27 years)
fertilization experiment at the State Agro-Ecological Experimental Station in Fenggiu, for analysis
of contents of mechanically-stable soil aggregates and organic nitrogen therein, with the
dry-sieving method and the Bremner method, separately. [Result] Results show that application
of organic compost increased the proportion of > 2 mm aggregates in the topsoil, significantly or
by 33% and 17% as compared with CK and NPK, whereas it decreased the content of <0.25 mm
aggregates. Long-term fertilization significantly increased the content of organic nitrogen in
aggregates in the fluvo-aquic soil, especially Treatment OM. The content of organic nitrogen in
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aggregates >2 mm, 0.25~2 mm and <0.25 mm was 776.4 mg kg™, 837.7 mg kg* and 625.3
mg kg™, respectively. The organic nitrogen in soil aggregates was dominated with acidolyzable
ammonium N, which was followed by amino acid nitrogen and unknown-acidolyzable nitrogen,
aminosaccharide nitrogen, the least. Treatment NPK increased the proportion of acidolyzable
nitrogen in > 2mm aggregates, while Treatment OM did the content and proportion of amino acid
nitrogen and unknown acidolyzable nitrogen. [ Conclusion] long-term application of organic
manure can improve the soil structure of fluvo-aquic soil significantly, and stimulate accumulation
of total nitrogen and all fractions of organic nitrogen, with amino acid nitrogen, amico sugar
nitrogen and non-acidolyzable organic nitrogen accumulated mainly in 0.25~2 mm, and
acidolyzable and unknown acidolyzable nitrogen in >2 mm aggregates, thus significantly
increasing nitrogen supplying capacity of the soil.

Key words Long-term fertilization; Fluvo-aquic soil; Soil aggregates; Acidolyzable organic
nitrogen; Total nitrogen
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