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Table 1  Soil sampling in Cixi,Zhejiang Province, China

ERe AL A R R I 0 AEAR G
Number  Cropping history (a) Cropping pattern Starting era Coordinates

P-50 50 7K F Paddy AL Modern N 30°11'02",E 121°21'22"
NP-50 50 B4 Upland AL Modern N 30°13'09”,E 121°21'23"
P-100 100 JK H Paddy WK B Late Qing Dynasty N 30°09'50",E 121°20'58"
NP-100 100 54 Upland H AR B Late Qing Dynasty N 30°11'53" E 121°21'12"
P-300 300 JK H Paddy WY Early Qing Dynasty N 30°06'26",E 121°30'17"
NP-300 300 i Upland W5 Early Qing Dynasty N 30°06'56",E 121°30'39"
P-700 700 JK H Paddy JC8] Yuan Dynasty N 30°10'24" E 121°09'11"
NP-700 700 4 Upland JGH)] Yuan Dynasty N 30°10'58",E 121°08'42"

1.2 SAE

Ry A K i S W RE 2 75 15 T Bremner
2 A B S RO E Ty i TS 4y ) R A
IR A2 AL S0 Bremner 325 (9 [0] 5 7K i 3, Xof il AL 6
B 3 Bh A SERE B 24T K )5 L 8 4 Bremner 3 (1
AHLVE G A AT AN A 44300 5, 245 S o B AR
HEKMENGERERSAMAEBESASEM
1o A SRR IR i A S0 G B s A, L R K A
BTSRRI A B 2R, FILEE KL S A
T HEA HLUA L i E

B KRR, BR 2.5 ¢ i 100 H i 4 3
% 10 ml /K f#E, A 8 ml 6 mol L™ HCI J5 #% 1% 4%
A, EHJEE TR B 110 Cn#k 12 h,

HR4E Bremner 57 BRI 200 i 0k, PO
ZRIAT AT A LA AL 53 4 O o o A AR
2 e R R R OL IR i A A AR A
MgO ZE1H s E A A + &I ZUR F Wk W2 45 -1 iR
AR 58 WO ZE R 1 5 R A UK B R AU AL L B
i 6 - R b % P VR 78 TR 5 R NS R R R i AL
1.3 HELE

B4R b 3R F SPSS 20. 0 B4 Fil Excel 3K ik
s mge it 3. KA OriginPro 8. 0 #4745 1F

lzlo
2 45 R

2.1 KHERHMTESR SRBIAMBEE

A TR Fod 77 ok B, KR+ 2 A & & 7
1977 ~2 373 mg kg ' i, B A M 1 509 ~
1843 mg kg ™', M P b+ HE A A REAE D 118 ~
1274 mg kg ™' Z [i], B4 2 fift 2 839 ~ 1 004 mg
kg (K 2), SRR, T B R A R
EMTHMMABELE, AAKBELEASTERN
56% , KAFFIAE 50 a F1 100 a + 34 A &8 M 1
977 mg kg ' K E K E 2 225 mg kg ', W F ik
12.5% , M Z J5 FH 98 2%, & 700 a 4l 45 FR 36 0%
AR BRI, KRR AL S + 484 E 4 100 a
S AR 2, 5 R R AR PR OR B IEAH G, 1T 100 a
JEET R, MR, BRSNS &S
HEAE PR 7E A 4R N R B A e B, N1 274
mg kg 'BEE 1 118 mg kg ', FE IR L 10. 4%

TERR AR 2 J5 I, K Fd Bk A e, L IRA R R
LR T6% ~T8% 3 KER 43 5 Hh 4 TR fift K
KA £ — 30, A AL TE 75% F1 T19% 2 Ja], {H Fh Al
AERR 300 a (1 524 A R R BAIK, 20 0%
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Table 2 Total nitrogen, hydrolyzable nitrogen and acid hydrolysis rate in the soils different in cropping history

R 2R SR fi A
Number Total N(mg kg™") Hydrolyzable N(mg kg ~")
P-50 1977 £25a 1509 +13a
P-100 2225 + 14a 1722 £24a
P-300 2373 =12a 1 843 +8a
P-700 2262 +34a 1712 +11a
NP-50 1274 £8b 1 004 £28b
NP-100 1118 +14b 839 +27h
NP-300 1229 +13b 858 +7h
NP-700 1143 £34b 881 = 8b

LT R
Acid insoluble N(mg kg™") Acid hydrolysis rate (% )
468 +13a 76a
502 £29a 77a
530 +20a 78a
550 +45a 76a
270 +25b 79a
279 +30b 75a
371 £7b 70b
263 +28b 77a

7l — 91 b R (R A 2 5 5 (p <0, 05)

22 AEAMEFEFRABSEERMLTIEFGNEREAS
2=

ME2 0 UESR, KL RESKEESAr 55
A RESIEE A E S HAKFERE K, K
A o A R S - e 50% ~ 60% , 5P
BRI 1 28 AR

KAE B R A Y B R {H A P-300 (1) 667
mg kg~ AR P-700 [ 531 mg kg ', Rl 4F R
2950 a F1100 a Wy/KFE - @A TWEZR ., 514
B RN, B IR AUAE 100 a FhRL AR R Y Y 25 5
FEA K, B AE 300 a F1700 a 22 (6] ) 22 5535 5] 20%
ZZ . S R AR5 KR A R,
£ 50 a.300 a 1 700 a Fh A BR A £ 8 b 5 AR
M, 7 326 ~337 mg kg™ Z[A],{H NP-100 f) % %
MRAFERNPINE {282 mg kg ™'

KL P ES A & & EBRAER IS I BT
FPAEAE R & 50 a 1 100 a B /K A8 + & S E 40k
416 M1 564 mg kg ', P H E R R K, PR N
100 a L EMKRE+ 2SR 0 &R/ Z M %R 7T
W/ o M S A DL NP-50 7 5 R, iR
%] 305 mg kg ', % & NP-700 fy 257 mg kg ', &
VETEFPAE AF BR300 a Ay FE &b & w4 L Th, (08
& EBA T R

JK A - S M R AE PRI AEBR 50 a A1 100 a [i] 2
LTRSS i 146 mg kg™ EFFE 164 mg kg™ fHAE
300 a F1 700 a F 5 b 4 22 i B G R AIG L AL T
FREAEBR 50 a i 0 JE A8 20 & &, 4000k 142 #1139
mg kg ™' T G B AR AR A A 0 A B b
AERR 50 a B9 94 mg kg ' KIE & E 100 a fY 85
mg kg™, Z G B ETE 80 ~85 mg kg ' Z[A]

Note: Different letters in the same row represent significant difference (p <0.05)

K R HVAR A B AE 368 ~419 mg kg™ 22 0],
FAHAE R B S a5 R A AR, P 1
HEFR A 160 ~268 mg kg ™', A5 fb #4345 K K + 58
A

T LR RAA SR Z HATE 50 ~ 100 a [i]
AR AR T AR A R A I B o ] 22 5 /N 1Y
fiE, 52 BHE B30 oR H0 00 e 3, PR A R 9 R R L AR
BOIRE y =y, + Ae™ XA W R 7 204 A HLAE 415
BRI AT RIS K A 1R R AN K R - R A
B iR X )R 4k O 6 B S BB A A e ) R
PRFEH AR E | 1 A 2 4 B B AT — 5 1 4R B 1k
R, HC b R R fire 28R 2SR T RO [ oA X
TNYHEARSEE E, 2 F KR b B B
A BE A R AURR AN S 2 M R, 7E R A%
HFEAERESUAE(E1;%3),

2.3 AEAMEERAASREHMTEFTIRAS S

T be 61

A HLE S AL S L R R A OR
7] B 23 A BRAE L 45 JE 0 18 3 Firzs o A [m) A 4F BR /K
BEEmRA S SR W HE R 23.5% ~29.3% , H
H PR AR FE R 50,100,300 a - 438 i BT & L 45 A2 Ak
ANK,700 a K G+ 2R AT o5 LA R R
K, 55 Z R X Y 5 b A 5 b BT o L Bl 25.3% ~
29.4% , [FFEAEFAE AR R 50 ~ 300 a HL7) 28 b AN K,
B2 e AR AE R 700 a AR S AT 8RR T,

IKAE & A R 4 A H ) ) B ok AT PR R
FF#a# A 50 a i 21. 0% F+ 5 700 a [ 28.8% ,{H.
100 a F1 300 a Jif (5 Lo 22 B AN, 49 3310 ok 25. 4% Fl
26. 0% ;5 Hb 48 b S A LB L BB E B IR
FiAEAEFR 700 a 1 22. 5% , fi i J A AEBR 50 a fy
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23.9% ,100 a F1 300 a F i 4F BR o 44 25 A H B 3
H123.7% .
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R L By e 535 7. 4% 7. 4% (6. 0% Fi
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Fig. 1 Contents and fitting curves of organic nitrogen fractions in paddy soils and upland soils different in cropping history
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Table 3 Kinetic parameters of the exponential models (y =y, + Ae"") for fitting of different organic nitrogen fractions
FIH I HHLAE A Yo A B 2 RIE R
Cropping pattern Organic nitrogen fractions fH Value #rifEiR SE { Value FRiEZR SE {H Value #rifEiR SE Adj. R?
7K [ Paddy 4% Total N 2 361 38.40 -1 100 590. 4 -0.021 0. 009 0.955 0. 866
54 Upland 2% Total N 1174 71.81 9.36E+6 9.59E +11 -0.229 2049 0. 653 -0.042
JsNiny )
7K H Paddy 1801 62.27 - 1195 4008 -0.028 0. 066 0. 820 0.459
Hydrolyzable N
BB TR A A
i Upland 866. 6 12.47 1.54E +7 8.59E +11 -0.233 1117 0.792 0.378
Hydrolyzable N
K FE BB A
7Kl Paddy -4.24E +5 62.26 4.24E+5 7.60E+5 -3.95E -7 — 0.414 -0.758
Amino acid N
TR AR A
b Upland 321.9 16. 83 5.47E +8 — -7.50E +5 — — -2.000
Amino acid N
KL AER
7K H Paddy NH. N 644.2 24.82 -370.6 106. 8 -0.001 0. 006 0.982 0. 945
.-
FHEER
4 Upland NH. N 265.4 14.81 5.24E+4 4.79E+7 -0.144 18.27 0.897 0. 692
5-
JK H Paddy -5487 3.23E+7 5642 3.23E+7 -4.18E-6 0.024 0.474 -0.579
Amino sugar N
B Upland 82.32 1. 620 49. 81 36. 16 -0.029 0.015 0. 955 0. 864
Amino sugar N
K %0 & Hydrolyz-
7K H Paddy 395.0 10.71 -98.42 387.17 -0.026 0. 067 0.378 -0.870
able unknown N
AME Hydroly-
i Upland 166. 5 17.08 263.7 170.2 -0.019 0.013 0. 960 0. 880
zable unknown N
a b
T 9 T ol / AR
f é / Acid insoluble N
gE % g2 T o
=& 7 =2 2 R B AU
B & = & NN [ eteetess I ossvsecece N :
g = § Y YRR \ Amino sugar N
fred gn 60 = gn 60 \
£ £ OEESE
g E 30 g E 30 Hydrolyzable
%.5 2 40 g T 40 unknown N
S o0 Uo0
BS 3 EBS 3 B 4&K
i IS NH,-N
) L 2
Kg 2 KE 2
£ 2 RS
g2 10 g 10 .‘% @ﬁ
o 5 mino acid N
- -
L0 A0

50
FAEAERR Cropping history (a)

100 300 700

& 2

50
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100 300 700

AN ) b AE AE BR K A 1 (a) 5 51 358 (b) A HLA A 53 0 A L

Fig. 2 Proportions of organic nitrogen fractions in paddy (a) and upland (b) soils different in cropping history
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Pl MR LKA, e A RIS T oh BRI £
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JE Ry b 3 BARAR, 7P iU 20 a TUEE K TR
20 ~80 a [H] L 77 75 2218 MG K Y e 3, fe R AE I N
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Jit JIE 45 PR 3R e B R IR B W, 2 S 7E 50 ~ 100 a
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T 100 a 2 1000 a [8] AN [6) Fft A8 4F BR K e 42 8 75
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P X - S U A B8 BT R/, AU o e X
TSR AR ™ A S, O BE — D B - A
PERT . 2% DM U T 1 0 b B = B AR AN
S AL T T 25T 50 ~ 100 a (9 7K A5 Rk, [ &
A A9 B i B, B b AR R 28 2R
WARE TR F T, IR X — AR A A] RE 1l 453
AR T b G R TR T BR 300 a SR
Pt A1 Al AN T) o AL AR BROAS () o A 2 8 12 A%
RYGIOR 5 72 5, UL W A e R A M R B0 B 1) 5 o
AR R AR D5 T8 5, AT AE -5 b 4 n IR Al X 45 )
Ei PSS

TR AL S 2R T0% ~80% , AT
TR A R4 4 BUBRAE 100 a J5 A AL R K, {L7E 50 ~
100 a 8] (449728 F AR, 6Ty B i 22355 1 2 30 P g
i kA b AT AL AL 2> & i A [ AR 4 FROK T
015 e SR e R B S R IR R R R R
A 2 7R, 4 B A 48 BOR AR, AT L
R e — E T B RE 8 R o A AL A

AL X 5 5K E A BRI AR L. 7E
DU b 25 3 Hh G2 R R R R 4 KRy, TR I
P 2 73 T b 9 RER 0 DR R R AR R B AR
P o A [ Fof AL A PR 22 5 TR 0 0 A 5l R b 9
ANWYRE 7 — i B DX A 9 8h , X RT RE R T A
e A L 5 0 8 o, FL A A HER B b 0 i R
S IR it B b i S B R AL R R A
AL HE R 2 R TR 20 R0 3R 10 ] 45 kL ) i Oy o B
MIVE T o S UM T 280 el IX M O LV e T AR B, 5%
B 5 % i BN M A T IS ) R LA D ) I ) )
SRR B, X2 X 500 a P A ) Ao 4F FR DL KA [+
ittt 77 B M5 e B, T B A0 300 4 JL - 4 X -
AW K 1™ He E R R, (HL 100 a Ji 52 B HY O i
FaE ORRAE 0 o M A b 45 5 3R A1 00 4 Hi 00 A 3
AR 78 PRl P 322 i) - M 45 S 23 7 i i R
] RE SR b S A W R RS R AR L

JK F A5 3t 38 4% A1 o 4 G L 91 O A A
XF 4 — W AR FLAEE B R 45 R s K R R S AL
191 22 38 o s H, (R S TR AL L B 22 i D B e, 5 R
b LR R BRI I R R, X — IR T
AEJE T — 26 Mk T Bl A 05 R A TE 22 K DT i
JK RIS AN B A2, T B 45 M) 0 R Kb T2 B9
SRR BN 3G BB 2, N 3 28 25 R AT
B A L A A B S B R A AR
BEPR A B TR E L Ul ] 5 - HE R B A A R sh A
R BRI B g A, n] RE 2 i T 5 3t b S 3R 05 K
A K HE R T O AR BT . B
e A 300 a FE A R R HE B 25 S KR T
PRAURE A R TR A 2 LE 91 B S Al s, T RE SRR P
A2 B MR R A5 B G BT JCiE K
FT 0 2 57 L, R 22 BOA B 02 20 L 1) 78 Ak R JRE
/N UG [F) — My DX AT AL R4 43 40 A B R E |, Rl A
AR AR R AR F R E R,
3.2 AEAMEARNNIERREEESHHRM

JERT A IR M X AR T A R R L
AR A SCHIE ST, 25 2R 3 T4 5 8 B R R A
HLE S BN TR+ AR B gE 45 L R BE 30 E 7 A0
REER o AR FP A AF BR 2% T, K R 4 A9 8 220 RE
MRS ES P LML AR EZESR (p<
0.05) , BARE S 25 A & S R AL & AL E A R A
FX PURRA 7> B AR B K 5222 5 o Yoshida Al
Ancajas ™ i N AR iC BT 58 2 W, WK RS I HOAR B
A U] E TG A R R M IR S T K Rl
FEKARE A AT A1 BIL SR R A7 R AT 35 22 0 T 8 3¢
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P20 Ak ) A ) 2 B R b 28, 4% P L TR & 1 X LL
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FRACTIONS OF SOIL ORGANIC NITROGEN IN PADDY AND UPLAND SOILS
RELATIVE TO CROPPING HISTORY

Wang Jin

Zhuang Shunyao'

Zhu Zhaoliang

( State Key Lab of Soil and Sustainable Agriculture ,Institute of Soil Science ,Chinese Academy of Sciences, Nanjing 210008 , China )

In Cixi of Zhejiang Province,as a result of poldering in different time periods a long time scale succession

of paddy soils and upland soils formed, which could be cited as good objects for the study of long term biogeochemical cycle

of soil nitrogen. In order to explore effects of cropping history and pattern on soil organic nitrogen fractions,amino acid N,

amino sugar N,NH,-N and hydrolyzable unknown N in the soils were analyzed with the Bremner method through hydrolysis

in sealed tubes. Results show that the content of any fraction of organic nitrogen in the upland soil was only 50% ~60% of

that of its counterpart in the paddy soil, suggesting that rice planting is more conducive to conservation and utilization of the

soil organic nitrogen. On a long-time scale, all the organic nitrogen fractions,except amino acid N and amino sugar N, var-
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ied with the time exponentially, showing that organic nitrogen in the paddy soils was mainly on a rising trend , while that in
the upland soils on a reverse one. In the soils of this area,amino acid N accounted for 23. 5% ~29.3% ,amino sugar N for
6.0% ~7.6% ,NH,-N for 21.0% ~28.8% ,and hydrolysable unknown N for 13.0% ~21. 1% of the total nitrogen ,indi-
cating that cropping pattern and cropping duration neither has much effect on proportions of the major soil organic nitrogen
fractions to the total nitrogen in the soils.

Key words Paddy soil; Upland soil ; Cropping history ; Soil organic nitrogen
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