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HEPCHE £ 2 S ALK T2 pmbife P&
B GE, WEAVUCHEH A, LN
2 o R A LA A B

PO IS P E ARG, 2 X R
T SRS, BORTRE MR T IERGR R
wAARE T . Ik, TR R Bt AL HE T X 1
PRAIE AT WL R BTTE , X TIRAR
FEMIAL X L AR BE 1 SRR AL R s B
B o AT T BT R A I 1K
WIS R AE it ) 4 P R 45 A AL RefiE, B
BRALXT A SRR R LS F i SH R, N hE
A ERAEACHE I . PRI L IEAC TSR AL EE S R

1 MRSk

1.1 R XHER
Sl el s IS [ M o R (| A i I T i

(35° 00" N, 114° 24" E) Wilkf7. ZMIX £ 2
SAGEIE T Hy 2e  FR 2 W R A U A, AR
KM 13.9 °© C, ZAEFEREKEZ605 mm, T
FEWI220 dZedq . R Rh R b LY & B R
Ry MR £ BEE I o b
1.2 Rt

K 72 Ot AR B0 4h T 1989 4F Fk F2, & /N2
I B FEKFAE—AE PG, U 58 JF e i Bk )=
(0~20 cm) MYFALIERTR . HHLUKS.83 gk
£0.445 g-kg™' . AMWEL.93 mg-kg . HAH
78.8 mg-kg™'. pH 8.65, HAtHfb M AR KK 1T
ZULSCHR [ 14 ] o W HR ST K T35 £ it A X 4 39 A
RARIE i S HA HLA AL 53 52, ASHIF 58 2 L
AHEIE (CK) . fLIEABES (NPK) . 12 HLIE
RA+1/24EEA (1/20M) . AHUIE (OM) U4~k
B, MR RN PRE . IBERRES . PR,
Jiti JE £ UL 1

x1 FNEFHEE

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

AbF Treatment N P,0; K,O
CK 0 0 0

NPK 300 135 300

1/20M 300 135 300

oM 300 135 300

TF: CK: AW, NPK: fLACAEBEH, 1/20M: 126 HUIEA+1/246E%A, OM: AHUIL, TIH 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 HmRESHH

2016410 H 2 EKWGKSE , RH0 ~ 20 em L HEr:
at, BAS/NXEL “S” B2 SR, RS TT
SRBLENDTT, TENEOLL AR . R TPYER R
ik 0 RTINS BRI Y P 3R
&, S KF2mm, 2~0.25mm, /hF0.25 mm,

A HLA S B 5 R A Bremnerd: 10, K
o, BRfEA HLA ( Total acidolyzable nitrogen )
FHELIRZE BRI, MRS A (Acidolyzable
ammonia nitrogen ) HAMBEZEBILNE, %A
AMB ISR ( Amino sugar nitrogen ) A B
FH R 5 - 00 1R 3h 22 vl 25 1R Z8 IR I, (R
%A (Amino acid nitrogen ) el =i & 1k /1 iR

AR T mR A AL I, 22 ek R AR AR R R MR
( Non-acidolyzable nitrogen ) . ZIEHEAE . MR
AR MR (Unknown-acidolyzable nitrogen ) 7%
(WL (1) KX 2)  X03) ). HEEAE
KR SR LR E
LR A NA =2A —RA LA (1)
BHEMERA= [ (BRBESA+ZEREESA) -

TRIGECAR ] x 1.4 (2)

% e A 1 25 R =R i AT DL R - PR i e S R - B IR A
R-HIEEWEA (3)

1.4 HIELLIE

A A 2 DA SR AR B o L) B X 3R 23 Y
TRRCR AR AT
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A4 Ab PR A 2 T SR AR 1
4 A ) - A
2525 A AR Y i L 1) PSRN T 100% (4)
> Q PO =N b Q S =
S [ ik R TR T F2 00 B i x % 9% A R AR ) A L A5 < 100% s

S TR

BRI B R H Excel 2010 F1SPSS 21.03473}
BB NE T 200, FMHARNEEZES (LSD)
b B A TR

2 4 R

2.1 AEEEBLETEFARKEER

2 AL B R T2 mm A A T & H Y R T
39% ~54% (K1) , 1/20M, OMEBE#HE T KT
2 mmPA R L F] (P<0.05) , BCKA IS
T13% ~14%, BWNPKAHIBEIN T17% ~ 18%, i
2 ~0.25 mmPH R BTG B E AR, R,
it A A B2 3 /N T0.25 mm P 3844 54 L B3
£19% ~37%.

NS
< 70 (e>2mme2~025mm o<0.25 mm
£ g f g
pugt
KRz 50f b ab
a8 f
og 2 ab o
T 20
=l
5 CK NPK  120M  OM
AbF Treatments

e AN E /NG PR RO R — R AR AR A [ Ak 2 ] 22 57 3k 3 B 3%
JKF- (P<0.05) . FId] Note: Different lowercase letters mean
significant differences (P<0.05) between treatments within the
same fraction of aggregates. The same below
PEI1 ST ot A A BT - 8 AT SR A 11 J5 i L A7)
Fig. 1 Mass proportion of aggregates relative to treatment
BEENC27 afm, BHE LR RA R AR
WENM (K2 a) . SCKAMLL, KHEAL

= e a =>2 mme2~0.25 mmo <025 mm
| B
2 a
5 14 a
= 12 b A
Be 10 Cun
&g c
e 08 c N c
Q’dg 06f 4d g4
"E 04
E 02
S oo :
CK NP 1/20M oM
AP Treatments
%2

ELEATGIE JUNGEE Rl O R SREIE TS TR
BRI 5N 60% . 68% . 60%; Jifi FiA HLIE#E—
Ak TR AW R, HOMANFEURAL
F120M, Bl A RERARE /N, $#1/20MALH 453
FHIN16% . 26% . 20% . FHEIEALIETR , A[EHRE
1 A R AR A 1 i s VIR IR 2 ~ 0.25 mm .
KTF2 mm. /pT0.25 mm.

AN TR) it A Ab 3L v AT 2R AR X AL ER Y BT R R A
AT, nE2bfixR. WA VISR ER & T
KF2 mmPAIREX A TS, BCKEM T
36% ~40%, BNPKIEIT21% ~24% ., 5 ANHEhC
AIH, MEAEFRAR T /NF0.25 mm A B IAXT 4 A1 5t
Bk, 1/20MAub FERCR Ry e 3
22 FAREIARGENRSERER

2 it A Ak BE R HAT SR AR 9 R iR A LA S R
147.9 ~837.7 mg-kg™', HHELEIN36% ~72%
(F2) o i A & 2 3G n P3R4 b R A A LA
i, LLOMAL AR Fef, B CK AR & 4145
(P<0.05) , BNPK#®94% (P<0.05) , HFA
MUA FEERAE T K T0.25 mmi Bk, JEffigg
HLA & H253.2 ~497.6 mg-kg™, i HIHEAEM
28% ~ 64%, LA2 ~0.25 mmPA B Pk % .

23327 aff Bl A, NPRAMFIE LM A A S
HEERTCK, 1/20M, OMALFENPK 43 42 5
T27% ~52% ., 45% ~95% ( 2) . CKALHE /)N
F0.25 mmPI R P AR AR GRS, 2~0.25
mm A R p SR, NPK. 1/20M ., OMAb
P ZAR ., PR E PR R S LR AW
11% ~23%, SHfbitt, APUE EZRE T

a>2 mme2~0.25mmo<025mm

NP

1/20M oM
AbPHTreatments

100%
80%
60%

b
CK

BRI AT T A
Contributing rate of aggrates to TN
relative to fraction

)
S
S

40%
0%

TR RE P 2A SR (a) KX BRI (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
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KF0.25 mmAH ARG TR A A 2 Ko Be He )
TR AR S NT70.3 ~265.8 mg-kg™', 4
AI15% ~ 24%., NPK. 1/20M. OM5CK #f 5>
BIRED T 0.8 ~ 1.24% . 1445 ~ 1.96%. 2.0f% ~2.8
%, 1/20M. OMALFEENPK /538 N28% ~ 33% .
57% ~ 73% . 5 HAbAL AL BRAR LY, <30 B £k AL
TS TR T2 mm A R PR e AR LB
AR PSR S ERM (3.9~15.0

25 it A Ak 4 G S R T A SR A rh A SR S A
T, Li1/20MANE S R, N RS AED
1.1% ~ 1.4% . PR & Hopl 248 0% 2 i s 2K
K N2 ~0.25 mm., KT2mm. /NT0.25 mm.,

MRMAMEBRATHEEE H14.4~271.6
mg-kg', A% ~27%. HCKM L, NPKih

BB R AR A & & B EF R ES 1645 ~5.56%, LIk
F0.25 mmPARKIRMANSA S EEE; 1/20M,

mg-kg™) , 7ELIWAR DI LB HI1% ~ 2%, OMALFRAINPK i — 42 151 10.534% ~ 1.844%
2 TRERERLETHARFEINASESSERAER
Table 2 Content and proportion of organic nitrogen in soil aggregates relative to fraction and treatment
>2 mm 2~0.25 mm <0.25 mm
GRIE AbH AR AR A A
Organic nitrogen Treatment # & Contont/ Ratio to total fikContent/ Ratio to total i Content/ Ratio to total
(mg-kg™) , (mg-kg™) . (mg-kg™) .
nitrogen/% nitrogen/% nitrogen/%
1% fift A5 HIL % Total CK 176.9 +4.1d 41 166.3+4.1d 36 147.9+2.2d 37
acidolyzable NPK 437.7£82¢ 64 430.8+6.0 c 55 348.6+243 ¢ 54
nitrogen 120M  701.7+8.0b 72 621.2+8.0 b 59 473.0£20.5 b 58
oM 776.4+92a 68 837.7+12.3 a 63 6573+ 13.4a 67
AR fif AT HLAC CK 2572+ 4.1 be 59 301.5+4.1d 64 253.2+22¢ 63
Non-acidolyzable NPK 2494 +82 ¢ 36 354.6+6.0 ¢ 45 2913243 b 46
nitrogen 1/20M  270.1+13.5b 28 435.0+8.0b 41 347.8+205a 42
oM 357.1+£92a 32 497.6+122a 37 3254+155a 33
FAHFRE H Amino CK 46.0+1.0d 11 53.8+3.4d 11 58.0+1.7d 14
acid nitrogen NPK 136.6 £4.6 ¢ 20 146.6 8.3 ¢ 19 116.7 £9.68 ¢ 18
120M  201.6+11.8b 21 223.1%£52b 21 1479+ 11.4b 18
oM 255.0+3.7a 23 2853x125a 21 169.2+12.6a 17
T ik e A AL CK 74.7+3.0d 17 70.3+2.8d 15 71.5+1.3d 18
Acidolyzable NPK 161.8+4.9 ¢ 24 153.2+2.9¢ 20 131.6+11.2¢ 21
ammonia nitrogen )\ 146,45 22 2023+0.4b 19 168.8+5.0b 21
oM 253.7+5.6a 22 265.8+6.2a 20 213.7x19a 22
S HBEAS A Amino CK 6.4+0.6¢c 1 3.9£09b 1 41203c¢ 1
sugar nitrogen NPK 113£1.40b 2 129+09a 2 62+1.6b 1
1/20M 14007 a 1 148+2.6a 1 9.1+0.67 a 1
oM 11.1+0.8b 1 150£23a 1 6.6+0.8b 1
T itk A S CK 49.9+1.7d 11 38.3+3.0d 8 144+2.54d 4
A Unknown- NPK 128.06.5 ¢ 19 1182+17.1¢ 15 94.1+88 ¢ 15
aCi‘?"lyzab]e 1/20M  271.5+5.4a 28 181.0+4.4b 17 1472354 b 18
nitrogen
oM 256.6+4.2b 23 271.6+7.6a 20 267.7+24.0a 27
T RPBIE N TIME = R, ARG FRE R TR — b £ P R A4 5 f5 b 49 7 R ) Ak B8] 22 55K i 357K 7 (P<0.05) Note:

Data in the table are of mean + standard deviation. Different lowercase letters mean significant differences (£<0.05) between different

treatments within the same fraction of soil aggregates
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Bk, RWI KM RAE SR o0 R 8 Ty 1R P E 2
YEM .

S A EAR L, KRBTGS T
KF2 mmP RIK PGS A LH . REESR
A AR A A 35 T ML R 5 e i AR 43 T A2
AER UL M AR IR T A P A
W, AR TR S AN B A, AR
W, AR AR R A R AR B R R 0 A
W BRSSO T2 mmBPIRIK T, R
SRS ZB BB RERABEREY), ek T
KT2 mm A R HLAG 450 2 1) W R e R o 2
Bz . 1/20M . OMAb 3 rb % fiff i 25 280 % 1k AR Y
fn, B2 IR T NPKAL
32 KHEABNENARGCRESIARATH

AL

APUTAE Ry IR A SRR A5 Y o, fE L
e R T AR . I A AL AE -
HEA HLT A ROCIR AR P, R T 1R ok
MG, AR T RIERRIKIE . AR,
Jita A HLIE S 35 55 1 BF 2 R IR T2 mm AT R A
el CE) , ST Ry, (HR, X
Rk YRS R, ks a kB A LR I
T>2 mmPARRE S A, TR T LU WA
JE . —JE ARG AR 2R, AR T
M@+, RS m . AL SRR,
T X1 R BRI O 0 R A LR
K191.8 g-kg™'s J— MM ERTE, 3R
EA PRI BE AR, o R AG VUL RECOR T2
mm A1 3R oA AL BT e, DA TSR TR
F2 mm P RAK T

A ALAE b 2 ) 25 2w B g R

FERE AR, 325 LI R A ALY
CIngE HF- WA Ay ) i L Ema
LI S5 25 434 P B8k rh A R S R ],
C BB RuR ALk Gt/ B R [k R o <)
Gyt 200 g AT R R R 1 R L
A, RHEEERSAMRMESHE ™Y, EH
ARSI T LS rh 5 (LR A i, R AR
(R RE S 1 L

3.3 KHIBNENBERESAREREEGNEA

S HISN

A LG HILAE I5C 5 Yo 1A 58 1 £ 5% 10 5 O MLtk 38 A
1, ST R BRI R g 2 B
FLR, AHLHLECHE LA TR B2 L
DLBR R BRI s A BFFE I A BLEHLAE L A vl
BE TN 3d A WL T A3, TR 0 P SR A T, T
e SA NP RIBE LA 5 PO,

AT, A HUIE I HLIE T it AE %R & ok
PR RS R SR, B KRB R 5
T AR, S5Ding% UV ARG AR, F
R P T A R U T A A L B ) 5 B
Py O T A L B AS EERR T 28R
W T A % B s AR (3 T 0 2 B % B
Py R T IR U, IR i 4%
7F, RIS A ARG R B
R WA Y R, AENSATE
R R 1) A VA 5 A AT 6 5 v 2 R O S5 1
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S P B8 R 2 M T 0 2o AR b R 4 2 T AR

4 4 e

KAt A PLIE 3% 48 v 17 R AR R T2
mm AR AR L], TR R /N 0,25 mm P 5 A
B, Beag T AR o it E I R ) AT SR AR
HRFIEE LR, FRARETREA LA
Ao i e BRI IR IR B S A . BEETRESA . TR
fERAMSR . BEMER . Hh, KWL
FEAR R TR T2 mmP R A PR S A
Jit JFE A AL AES e =5 8 o 0 R R A R TR e AR R 2
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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

LI Jiao"? XIN Xiuli' ZHU Anning'" YANG Wenliang' HOU Ying’ ZOU Wenxuan® XU Linya’
(1 State Key Laboratory of Soil and Sustainable Agriculture/State Experimental Station of Agro-Ecosystem in Fengqiu, Institute of

Soil Science, Chinese Academy of Sciences, Nanjing 210008, China )
(2 University of Chinese Academy of Sciences, Beijing 100049, China)

(3 College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China)

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 Fengqiu, 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 aggregates >2 mm,
2 ~0.25 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 >2 mm 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 2 ~ 0.25 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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