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Abstract: [ Objective] This paper was oriented to explore effect of cultivation, relative to duration, on gross and net N
transformation rates in black soil in Northeast China. [ Method ] Two tracts of upland farmlands of typical black soils, different
in cultivation history, 2 and 30 years, were selected in Northeast China for the study. Soil samples were collected for in-lab
incubation using the '°N pair-labeled technique. Gross N transformation rates in the soils were calculated using the numerical
algorithm model (FLUAZ), and net mineralization rates and net nitrification rates were by duration of the incubation and variation

of the samples in inorganic nitrogen content or nitrate nitrogen content with the incubation. [ Result] The soil of the farmland,

* EZEHABEEEGTH (41301345, 41101284 ) ¥l Supported by the National Natural Science Foundation of China ( Nos. 41301345 and
41101284 )

+ IR/E# Corresponding author, E-mail: mlang@nuist.edu.cn
EHRIA: 22 F (1982—), B, VLWHE KA, 4, Mz, 2N HHERIEA RIAEEON 5T . E-mail:  pli@nuist.edu.cn
Wk B 2019-02-18; WeEE MR Hl: 2019-03-12; ME4e87 AR H ) (www.cnkinet ): 2019-03-22

http://pedologica.issas.ac.cn



166 + gEid 2 Eile 57 %

30 years in cultivation, was 20.8% and 16.0% lower, respectively, than the one 2 years in cultivation in organic C and water
soluble organic C content, and only 62.6% and 42.1% of the latter, respectively, in gross mineralization and immobilization rate.
However, the former was significantly higher than or 1.77, 2.00, and 7.29 times as high as the latter, respectively, in gross
nitrification rate, net nitrification rate, and net mineralization rate. The gross nitrification rate was 1.15 and 1.02 times as high as
the net nitrification rate, respectively, in the latter and former, and the immobilized ammonium nitrogen accounted for 60% ~ 97%
of the total inorganic nitrogen during the whole incubation period, indicating that little nitrate nitrogen was immobilized by soil
microorganisms in these two soils. The values of m/i (the ratio of gross N mineralization rate to immobilization rate) and n/ia (the
ratio of gross nitrification rate to ammonium immobilization rate)of the former were both significantly higher than 1, while those
of the latter were approximate to 1. [ Conclusion ] The processes of mineralization and immobilization of nitrogen in the soil, 2
years in cultivation, were coupled tightly, posing little risk of nitrogen loss to environment, whereas the amount of mineralized

nitrogen was much higher than that of immobilized nitrogen in the soil 30 years in cultivation, thus providing substrate for

nitrification and increasing denitrification and leaching risk of nitrate.

Key words: Duration of cultivation; Black soil; N trace; Nitrogen transformation

TP R R A R R A S AL
MMBCRAEER R, HAT, X LSRR
ORI ARE (e f e S I R TR (b e i)
T o R A o AR S S I A P S rh DO LS B
Mg, ARG AR IR AN — TR
Al g oy — RIS 1 SEBR A AL U2 | SR %
T, RIS RS SR A R, NI,
TR A AR R A B 2 R et
RMLFEERE ., i, IR LRI T 5
FANIGA ER SR A2 E RN, YR
IR R B AR AT B /N T IO [ 5
AR, R LR 0 SOy G fE, (HX IR AN ERE £
SR AR E R LRE ST o sk nl WL, € £
S B U AL A0 TR 7R L A LA BE
AR/ IV — 5 TS, (BN SR P B L e LR e
PR B R S P BTN IR L i AR %
AN RRARIREL AL THR O F IR A SRS+ R R
HEER X,

A B R R LRI P AR —
SeAfly A= = FE AR | AL | ST Sl R
SR A 5 1T X 98 S0 0 e A R A W
SR R T, R LR S BB, A
R A AR g, (E A 8 ] S RN 32 A BB
A, S KE A IR & R 3 R . I
pH XIRIZA AL AR 22, pH B, WIZAH fHE
MU bR SRR R . R R+
e AERL RS, W1 R

MU ALA 101.85 77 km® (9 4R LB K 2R =
K242 — B R AR b X S SRR 1 4
HH AR &= SR AR s B e m i A
P01 ARAbRE A XOR TR E A R AR b, 2017
FERZAREEY 1.39 12 t, HEEBER
) 21% ), BE 4 B e R L A T AR KA,
W RAF PR, 39 HLAR A 42 2 AR,
PR AT B E KR s Z R i 15 3 pH A
FF BAR B A I i AR pedh, BRI+
98 I M e A AR AR TS S e - HE AR I Y
AR 2 2 B A 425 ) - RGBT
S IR RN PR L SR, A A RIIF RAE
FEL X P = 040 e A 3 36 52 ) 1 BF 5% i A DL 41
B Hit, AFRUAILEEXIFR 2a FFFE 30
a i SL R A NIRRT 4, FIR PN TR 2
POR T TRE s N1 A o e B (e o ) S S A A
FIN G AR R 0 52 e KL AL, P84 R ) IR
AN+ G0 | o7 2B XORF 4 AR AN 5 2 4
i) P )R DA AR P 0 BT R SR & R R
WARYE .

1 MRS INE

1.1 ks

PR R 7R IR VLA W R T B R PR,
T H IR AR R i e ZR R, AT T,
HERIRZW, EXREKEH 550 mm, FHHEHK

http://pedologica.issas.ac.cn



134 7

PR TT BRARFRONS PR ORI f T AR (3R A 52 167

23C, HHERRUphEER L T 5P E R
B A 77 T o — B PR 2 a (Y2) I
PR 30 a (Y30) My MBGHEATRAE, SRAEHLH
MK, EMRARE 20 120 kg-hm 2 (AN, F
6] )o SRREMFAE R T 100 m 425 6] (] b A B 3 %
FERE RS EE , AR SIER S B2 SR
PHEZ (0~20 em) B3RS, ¥ RENIATE
T B4l 2 mm 055 4°C FRAEA .
1.2 Rt

AR HE N IR . R IR
FREL 30 g 38 () T 304> 250 mL =i+,
AR Y5 I 25 B8 F oK i A5 1+ 38K 4 & ik 3
40%ix KEpKE (WHC), SREMEZEMR T 25CTF
KSR 7 d DMEROE A . B SRA R E
=M hwidl, —4mA PN AsicEE R 10%
atom ) "NH,NO; W, 55 —4UmAMIF PN Frid
F R NH,"NOs . B H 30N NH; -N 5%
NO; -N W R 30 mg-ke ', S A [ R 45 1 45
KAEER 60% WHC, ARJEH =MME T 25CT
Figt 7d, WRITIFMZEE 1 h, B 2 d X35
HEATHM K DLAER: 60% WHC B & K&, 439 T o
PN ARG 0, 1, 2, 4. 7dFEHLEER 3 i+
HefE A, PRI 75 mL A 2 mol L
1) KCHARR( e 2.5 1 1),25°C FEIRIR 1 h
ek, WCAENEWT 100 mL BAEUHE Y, 4°C FRIR
AFIET 7 d NINE NH, -N, NO; -N ¥ i & H
PN FE L o E R 2B K TE 3 R, IR
150 mL, e/ HHET 60°C 4 FHE T )5 Bk AL
BEA, A A AR T LA HLA PN R E
1.3 ShFAE

358 pH HHAME (W E Rl 2.5:1); +
AP R A R IE ; RIS CR YL
VLM e 5 + 4 bR A e E vkl e s + 1
NH, -N. NO; -N i £ % ] MgO-7E A A& 4 2 il
B L HEOK A HLR FUK A HLER KR 2
J& R FHA HLER & 53 #74X ( Shimadzu Corp, Kyoto,
HAS) gzl + e KK E A IE S ] Fierer
Al Schimel® iy 73k . FREL 20 g KT+ & T HM Bk
SIS, A LB PR 2 h 5
BiikZgk , JEAWARZELLK AR TS, MHE 12 h
Je PR 3 D 5 - HE %) FE S 5 K B R B R R K

Hy BIHELHLAAAPLAR PN R R R R
1%{%( Europa Scientific Integra, Sercon 20-22, Crewe,
e ) ME .

1.4 HIELE

1 B W A R A BR(E T S A A
(FLUAZ) AP, FLUAZ BORIZE A5 5 1%
MAEL LG ik, RPEFEINEGR2Z (MWE,
Mean weighed error ) YEAREALETT 1 WiR AL fL
ST R G AL A, BRI S LB s 2 1 1Y
A5 o IR AL R AN A R A I R
U5 JCHL AR A R B 22 5 855 3R Ta] (9 LB 5
3,

SCHR R 3 IREE R B 3ME, #IH Origin 9
AR . R SPSS 22 4 iy Xt FL ik o B T
B2 a fIJFR 30 a 13800 A0 90 AL sl SRR i Ak
HRAE P<0.05 F1 P<0.01 /K b1 22 5 25k

2 4 R

21 ARAFAFRERTEBUERITHR

& 1 AlA, A TF RAR R s AL
PR, SHE 2a ML, R 30a 158 pH, %
BAE . AU KA ML R & i 0 SRR,
il A8 R VA PE A DL i U S 280 . >
TN ERRRKE . AT E . KA. BRE
WEELREER.
22 AEAARERTEFEHFEINRSENIHEE

Be 3R W] LA & s sh AR b E 1 T
o MEER SR HAEER, PR 2 a AR 30 a
HERY NH, -N SR al P, Hd, R
30 a HHEM NH, -N & PR, oo d im
24.6 mg-kg ' FREERFRAEHRIGM 10.6 mgkg'; IF
B2 a BRI NH,-N SR PSS, i o di
353 mg-kg | FHEER ARG 22,1 mgkg . 5
NH, -N &SR, +5NO; -N &1
B 228 LI s, Hrp, JFR 30a 14
NO; -N Fi#e, BB EuE, mAR2a+
B NO; -N E A XA, 1 L b T Ak X i 2%
% (E 1), THAS RIS EEHREN, TR
30 a HIEEMAEALER R TR 22 4,

http://pedologica.issas.ac.cn



168 + % 57 4
F1 HIAENERIBEMR
Table 1 Physico-chemical properties of the test soils
B R RKEFKE Water PERSIR T
+4 B NH, -N/ 4% Total N /
pH holding capacity / NO; -N/ Organic C/
Soil . (gkg)
(g'kg) (mg-kg™) 1 (gkg!)
(mgkg!)
Y2 5.74 (0.12) a 594 (11.1) a 835(0.28) a 418 (059)b 21.2(067)a 1.88(0.18) a
Y30 523 (0.15) b 602 (10.7) a 6.42 (033) b 153(055)a 168 (046)b  1.64 (0.09) a
N KIEHEA L Water  KIEMAHLA Water
+45 kL Sand kL Silt Fki Clay
A C/N soluble organic C / soluble organic N /
Soil / (gkg™) / (g'kg™) / (g'kg™)
(mg-kg!) (mgkg™)
Y2 11.3(0.76) a 282 (535)a 6.59 (0.64) b 157 (9.30) a 716 (4.60) a 127 (8.70) a
Y30 10.2 (0.89) a 237 (429) b 122 (1.04) a 119 (10.50) b 734 (9.60) a 147 (6.80) a

TE: Y2: JTR 24E 105 Y30: JF R 30 4F 3. 55 BB N bRiE 2, [R5 B0 15 AN 7] 5 B 3R 78 WA 1 8 A] 22 55 {35 ( P<0.05) .
TIA Note: Y2: Soil 2 years in cultivation; Y30: Soil 30 years in cultivation. The data in the brackets are standard deviations, different

lowercase letters in the same column indicate significant difference between the two soils at P<0.05. The same below
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Fig. 1

Dynamics of inorganic N content in soils 2 and 30 years in cultivation
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Table 2 Gross N transformation rates in the studied soils relative to incubation time period

+ 1 i 1] B BEANP L EZ Gross N transformation rates / ( mg-kg™'-d™)

Soil Period m i ia in n

Y2 do~dl 4316 (0.53) 5.580 (0.55) 5.430 (0.64) 0.150 (0.02) 2.708 (0.28)
dl~d2 3.769 (0.68) 3.432 (0.16) 3.121 (0.23) 0.311 (0.00) 4,782 (0.19)
d2~d4 2.778 (0.21) 1.952 (0.08) 1.704 (0.11) 0.248 (0.01) 3.136 (0.26)
d4~d7 1.013 (0.05) 0.565 (0.03) 0.418 (0.05) 0.147 (0.02) 0.662 (0.14)

Y30 d0~d1 3.048 (0.48) 4701 (0.43) 3.964 (0.27) 0.737 (0.11) 7.164 (1.26)
dl~d2 2.664 (0.24) 0.921 (0.11) 0.744 (0.13) 0.176 (0.03) 4592 (1.17)
d2~d4 2.189 (0.25) 0.446 (0.07) 0.374 (0.11) 0.072 (0.01) 6.730 (0.95)
d4~d7 0.112 (0.06) 0.211 (0.05) 0.127 (0.01) 0.084 (0.04) 0.878 (0.52)

T m, on, i, da, in S35E SRR LA | WIGATALEE AR | IR IE 2 R | )9 2 R R ) 2 25 AR R

T Note: m, n, i,

NOj; immobilization in the soils, respectively. The same below

ia and in stands for gross rates for N mineralization, nitrification, immobilization, NH, immobilization, and
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