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W (N, ZEHEBFEME (p<0.018p<0.05) ; THCN, pHFEZTE S (N,) ZEHE
WEIEMRE (p<0.01) , MSHILEREE (k) ZEUHEEZFEAHLE (p<0.058p<0.01) , K
I, EIEAA (A . C/NFIpHEZW HIEANARZT LM EEE R, MHXHERY, FE&5ana
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XEim B KR APLAA S 5k

FEIASES S158

AR MY E R R T e & K &SR
SotFE o EKREE R KRR AR 4
50% ~80%K [ T+ 2, LS AN LA
R EEHRA Iy, A LN AL A B
PR A T AT 2 BRI
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Lufs BRI, U X R AR+ T K
IKEEFRFATET, LIRS R Al R BA 25T
Mk, MEAREIE IR, IR S RAMEA SRR
XA EA BEETTER A 7. DL EXRTAENLALA
SRR R Z A PR R I L, ik
T A S A I S A

FLAE, 22 800t 500 0 2K B 37 1200 7 67 1k
U PR RS R RE A s R T
SR PAEA R 1 A WL A7 A 2 B4,
PEMT 2 WA LA RO AL RE ) o R AL B e XU I
e P SR T o B0 N T P S
4~5MH, MIGRESI B 5 78RR R U 2%
7Fr, R DOKR LA PLRA RS . ARG ks
LA PR A Sl L Z [ ) 2 R ey H
AU ANTERE . G, RUZRAE R 4 IXOKAS £ g 50 0
B, WEFEA AT BILBR &5 B B 7R T A AT AL
AT AIA SR, F®iTLEA PR 5]
A PLRRIOCR, DUBIIIAG R + XOKAS H 1987 fk
RE S B BERURE AT, izt X BB A9 5 BT B K A
b A B A SR L B A

1 MRS Ik

1.1 ik tiE
M4 X (122°~132°E, 43° ~50°N) &

S/ | o8 5 S 0 i = e el N W R R 151 <]
AL ( (PETIERGE R R (B =) )
AN EARBEANN L) , C P EAR I X
EEKEEREZ — . AW EREAREX
BWORTER L X NRN RS Dy LK AR AL . A
FEH AR R @b K% B, @fei R% B A F
BAp T TER, MBI A 127°30" ~ 128°35'E,
46°30" ~ 47°35'N, J&E AN WOF BRI 2% ) 3 5 -
I, AR, A RL.69 C, TR
128 d, 4EFHRFEAKESTT mm. EREXE, 1
P K FEBEAE I RE (3% SR AR RN —4F — 2kl ) o B
VEDT s (RREAEFR K T-504F ) | R4S (i
AP, Rtk e, [F—H#RE4EN, PHIK
AN it FH 1 KRB A, R P E BN : 90 ~ 120
kg hm™>, JfiP,05: 45 ~60 kg hm™>, K,0: 45~75
ke hm™) | HIE (BREEX, B H1°~5°, H
WWREAF ) , U HIEIET) (4G AR TIEIET)
FUKRE = B, (HEZLLA KRR o F 8K
i), B SARTE R KRE A = e (G52 5k
H-1, H-2, H-3, H-4FIH-5) , ¥ HIER
— A RFEHIL, FIGPSIERE — RSN E,
FELLIX — g5 R Ht ] DU JE 500 miZ2 A7 114 I B i HL R
RANFES, ARSI SNRG 5 — s 3
fe 201 TAFE 107 #F 47 H 38 A JAE i R 42, R
B0 ~ 20 emo A AR B T DL 2R 1

F1 I T REARTE R

Table 1 Base physico-chemical properties of tested soil

g EERIINTS A WA HLAEAL B Mechanical composition ( % )
Soil code Organic carbon  Total nitrogen pH
(ke (gke) C/N <0.002 mm 0.02 ~ 0.002 mm >0.02 mm

H-1 38.52 2.68 14.37 6.52 36.77 23.97 39.27
H-2 33.42 2.47 13.53 6.30 36.63 25.20 38.17
H-3 26.01 1.93 13.48 6.12 39.32 14.75 45.94
H-4 20.76 1.61 12.89 5.95 32.73 24.04 43.22
H-5 16.13 1.39 11.60 5.66 32.08 16.69 51.23

1.2 TEBAHNREAZNE

A HLA L S E K A Bremnerys 7
(1) BHELEME . RAMRIEE—F AT
FEA (FOSS Kjeltee T M 8100, F43 ) ¥, (2)
R I 4% . FRELZY 510 mg Nig 100 H 6 KU+

FHERE S A 150 ml =, A 2§ IE 2E B A
6 mol L'HCI 20 ml, ¥EshFiMRA. 71202 C
KRR L2 hig A E, B INaOHH 55 pH
6.5 0.3 T p HAS R W IR B AN R 220 °C
PIBF IENZRBIR ) , EAE100 ml, A4 CkFE
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FH. (3) BAEANE . WERRMKS ml, &
T50 mIFLICE R, i A M 6 R AN AR AL 570 31 2,
Ja 110 m110 mol L™'NaOHZ& 1 ¥: M & BR it A & .
(4) ZARME : WIFRHR L0 ml, TA2.5 ml
3.5%MgOZEMBME . (5) AEHA+ A FEMS AN
FE o WIBURR V10 ml, A0 A B BR — B D 2% vh
(pH 11.2) 10ml, ZEMENCAER S ZAHES
AR e, (6) FAMARNE : W10 ml,
HEAS0 mUNRERR T, fIA0.5 molL”'NaOH 2 ml,
EHTF100 CAWE T E R BIABIRST 22 ~ 3 ml,
BHFIMAL oFr B IR AL 2% s R F10.2 g/K A8 =
i, #2515 P& T 100 C/AKIE NCE 10 min/5, &
AKES0 ml, WHOZER20 mIAZE@E d, A
20 mlBEFR -0 22 MR ORI2 ml 5 molL.”'NaOH, 7%
Mg, (7) HAEAA . ERfA=2A -
A ARMEE= (AR +EEBEESHE) — &
DA KMEA=MMA — (AETA + ZEEER
+ BRMER) -
1.3 TEFAHIERT HERFAR

TG HLA R A 77 56 R ] TA] 8RO K %
M FeE 1 L BR2 mmff T £15.0 ¢, BT
100 mlE L H, B INE2 mmiE A SRS ofF
BA, B—EHEEE3R. (1) mEFIMA30 ml
K, EEBLES, BELFEOKR, B
AT mol L7'KCI 30 mI¥Z 42 R0k, a0 &
30 mlZE MK $E 1200 BUCEARRS, nA
FRIK SR IEBUF TR S), Lh4000 r min” ' F5H
B 10 min, EHUGREER L BRBTA200 ml % w
M, i BRI E 25 52200 ml (DL E 0] 4R 12 41
WHINH-NFINO;-N ) o (2) Ko s i 5+
A A0 mIZEIRAK G IEFEA S . Inss s, & T
30 CHEIRAA RS, THFRME4, 7. 14, 21,
35, 49, 70, 91, 126 FI161KAHE L (1) &
BRiATIRAE, R IRIEIBE A 2200 ml; BRIRE
PEIFFER TN 30 mIZE K G LS . s %
B, B T30 CHEIRA kSR T

SRR BT A LA E I . AR
BRI R P NH-NR A A3 A s A (FEE )
e, AR NH,-N RP A iZ 5% 77 15 B 9 ™ 16 2 i o
AP BLAECE, BRI E N HE-N2Z TR Sk 1 5%
BFIR] P i SRR A R, R Ry B 5 1 TE] 9 1 o] 4 Ak
AHLA

WHETIRE (N Mo b (k)

Wit % . PiStanford f1Smith [19) HEWH—%x
PR RL DL ST A AR, SR AR
PEILA HE 7 S b A 5 RS SR AT DG R 1 —
PN B Sy SRR — G N s ) E RO,
=N, (1-e ) | KX, N RBF LA R
(mg kg™ ) 5 NoAE; IR ] 8 T 0 BR A e i) B
AR, RMEH IS (mg keg™) 5 kB LR
WH (AT 5 chHTRREFREE] (d) .
1.4 TIEEXRBUMERNE

A WL I E SR G /3B ( Elementar
M, ) %, B FAN X IR £ A& i
£, BT LABTIN e i - A mk B ok R LAk s
pHIRE R pHITE 5 385 R FH WA 1R 22 o
1.5 HiE4E

i ab BER FHDPS7 .5l Excel 2007 %\ R4+
WAF, LSDIEZEH A, SChEdE M3k ER K
FIME .

2 4 R

2.1 TIEBNRAS

- A8 7 ik 2R A T ot 2 ) % e AR A S Bl 43 i) Sk
1 014 ~1 834 mg kg ' 1378 ~ 851 mg kg™', VA
3901 383 mg kg ' F1633 mg kg™ (F2) , it
Aob HIHEEE64.9% ~72.9%, FHH68.9%; dF
PR i R A9 27.1% ~ 35.1%, “F¥R31.1% (1)
AR i R B i S A AL B B T R TR
o TR RS A VURA A Z M 52 B IEAH
K (p<0.01) , HIXREDH}0.985F10.992,
THERBRA ST ES AR EAZ B E D
FHIEAL (p<0.01) , FHRERES I H0.981F1
0.977,

- MR A 21 o S i RO A AU R
NP R RAER > BRRSE > AR > &%
BESA (R2MEL) . AEA T L5 P4
RZEERFEEME (p< 0.01) , HKEREI
70.987H10.973, AHERA S HIEAVIKM A Z
) 5 B EIEASE (p< 0.01) , MHEREDHH
0.991710.989, MMiAMEEN S LA Z A2 P EIE
X (p<0.05) , HIXFRECH0.880,

22 TIEBNABETHUERTUERERL

TR R - R K2 s, 7R
WKEEFR161 dBEFNH-N R ST R KE,
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F2 STHBRIEAEEINREITHNESE
Table 2 Contents of organic N components ( mg kg™ ) in 5 field soil samples
N T2 fif A AHN
3T " - A 2 fig A&
.. ANA FIEA HIMREA KIMER Jsyil]
Soil code NHN
AN ASN AAN UN Total
H-1 366 + 59a 184 + 19a 577 + 43a 709 + 138ab 1834 + 109a 851 + 109a
H-2 316 + 76ab 140 + 28h 465 + 28b 773 + 36a 1693 = 70b 776 + 70ab
H-3 295 +33ab 98 + 10he 356 + 24c 502+ 12b 1250 = 56¢ 676 = 56b
H-4 254 + 56h 105 + 15¢ 216 = 68d 549 + 91he 1124 = 90cd 485 +90c
H-5 229 +22b 109 + 12¢ 187 + 68d 488 +77c 1014 + 29d 378 + 29¢
FHfEMean 292 + 49 127 £ 17 360 + 46 604 + 71 1383 + 71 633 +71
BRFRBCV (%) 18.2 28.0 45.8 21.2 26.1 31.3
W A —HE R ARRNG FRERR 2Z5i85% MK AHN: FRA, NHN: JERRMEA, AN: &A%, ASN: & HLh

SR, AAN: ZIEREA,

UN: KHZEH. F. Note: Different lowercase letters mean significant differenceat 5% level; AHN

for Acidolyzable N; NHN for Non-acidolyzable N; AN for Amminia N; ASN for Amino suger N5 AAN for Amino acid N and UN for

Unkonwn N. The same below

100 1

80

60

40 -

20 A

m AEERAFSE NHN
RAEHE UN

B ZAERER AAN
O EHEE RS ASN
B &A% AN

—

ANLELLS o5 2 H He )
Proportions of organic N fractions to total N (%)

FHEREAS Soil sample
El1 A ML 5 7 4 AU

Fig. 1

38.7~176.1 mg kg™', F#I499.3 mg ke™'o ARIAlA
LK BT bR B R A B2, Ho ks
B bl R A LR (AL ) B G i 2 B n
#o KigR1el A LA SRS HEA LR
(B 2 A% B E IEAE (r =0.975, p<0.01) , 5484
Z A4S B EEAMKE (r=0.957, p<0.05) .

R FH — G0 S 1 8l g 4B ot S 1 Ak 1 R o
HEATHEIA, HMAGSBOLES. BET e (N,)

Proportions of organic N fractions to total N in soil samples

161 dBF LA B A A LR 42 A
BIHAWBEFERNIEML (p<0.01) , HIXREI
H°50.999 . 0.978F10.962. N, HIN, (161 d) 7E%k
B BARE B, B — 2R N 8l 1 2E A B T A
[ N fE AT LAAR G Bz e i + e v e fb g 71 . 974k
R (ko) WA LR AR (R ) &R
IR R A 1R A R [ TR R K G R R
B A ALK (R SERm, HA LA
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200 r —o— H-1

= —{3— H-2
on
i)
2 160
<
BR 1ot
~=
BE 80}
Z
8
=
E 40
@]
0 N L N L N s
0 28 56 84 112 140 168

153E 0} H] Incubation time (d)
B2 161 diE/KIE R 0 b A SRR i 4

Fig. 2 Curves of cumulative mineralized N during the first 161

days of water-logged incubation

RI —RREHNFEELSIEHIEFRSH

Parameters, determination coefficients and standard errors of the first-order reaction dynamic model in fitting test

Table 3

WAL BN H-N 1 3R AR 15 28, Ha {4
WE (ko) 5 HIEANR (R ) ZRBARE R EK
-, XA A MLA R B AR TR e A
T AR (R ) B,
2.3 TIEBHEES T LR Sk

KA, RMESA . R AR SR MIE
Wi A S AW (N,) BB EEMLKR, H
JE X TF AN RE U B =2 % AT Ak 0 1 S DT M TR
AR/ e, SR P& D (01 23 B e gk — 20 B ] =
BEXTTACAM R . L I B PR e
iK5% 0 E K-, 2% AR B0 i AH oG R B e K
JGik5% 8. F K, Durbin—-WatsonZE 31748 d¥E ik
T2, MR EIREME, BN T R

SE. RERE (R FfEiHiRERE (S,)

S WA I3 T Ak 8 e 5L RAE R RN AES
Soil code N mineralization potential Mineralization rate constant Determination coefficient Standard error of estimate S,
N, (mgkg™) ko (A7) R’

H-1 175.3 0.023 0.991" 11.4

H-2 118.9 0.022 0.990" 5.4

H-3 102.5 0.025 0.996" 1.6

H-4 58.6 0.030 0.961" 5.0

H-5 38.0 0.041 0.982" 0.9

. #fLR1% B HEKF. TR Note: **indicates significantly different of 1% levels. The same below.

Y=-195.39+1.01AN

A, YARIERT A (mg kg™ ) 5 ANVEASA
e (mgkg™') o MITRRI AT LAFR R 7 S B 1R
SRMAEMIE RO RIEAT R, RIS ER A
WAL S A Gk BN IR . 7 R M 45101 R 54 1k 3
19 R F Ko Ik, U R i 2 5 RO % al o
R BA EE TR

A8 B PR AS ROAAR IR B 5 R A ARG
HAEZ L AR REREA T R, JF H =& 0
FEMHRK (p<0.01) (F4) o WL, A5 1k
R DTk T Bl il AR e AT R o AR AT I 4
REH (K5) , BA=HETAREMRE, HE
BB S R R R AR, Hd, &
SR ERERARERKR (1.142) , FEBESEAM
FERR R R EA AR R BOYAR /D, BN E, T
2875 R o B RE TR S M AR R A 80 B A 3 14 1]
A R BARD, EFEMR S FO AR 508 i 2 A

RN EE S R Pm 4 REEIR K, 43 BIk1.126
M1.103. DI85 Ul B R i 2 A 2 T b A B
E B TTIRE X MR A MRS AR R i Ak
TR RIFER, RETENNERETTE,
1E T e A E T R R e Tk, =
NS JT AT TR ST R, RIRES AN 5T
ki K TR A A LR S A MRS A, Xthit—4
WESE, MR ES AR T b A EE STk .

A, HHEA ML (R ) = . KRS
pHZE P R R R L & 20 L HHLA R
R WA, FEZLHAEWOTER, C/NE
F14 /NS W) 25 0 0 A WL R B A e S
- 8 p H 52 ) - S B AR B Rl S R R R L AR
R4 R Bx, HHEC/NMpHE Em FEAER
AL SE T LR A (K3) , BIREE LHEC/N
R, HHEATE (N, 28R
(p <0.01) , MHLEBHE (k) MERET
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F4 FHEKBNRERTUE (N,) ZEIMEEHEXFRLY
Table 4 Correlation coefficients of organic N components with N mineralization potential
AN AAN ASN UN NHN N,
AR AN 1.000 0.989" 0.842 0.757 0.975" 0.999"
SRS A AAN — 1.000 0.856 0.809 0.977" 0.986"
SEBES A ASN — — 1.000 0.786 0.739 0.847
ARIIZEA UN — — — 1.000 0.785 0.730
AR A NHN — — — — 1.000 0.966™
A N, - - - - - L0
#5 EZERNAELSFNET LB BITHE
Table 5 Contributions of organic N components to N mineralization potential
[ 42230 12 2230 Indirect path coefficient BT
frE HER R - - R
) ) o SE EEA SEERER SRR A Total contribution
Direct path Direct path coefficient
—AN —AAN —NHN
BAERA— R
1.142 — 0.024 -0.172 1.141
AN— N,
IR S H WA
0.024 1.126 — -0.170 0.024
AAN— N,
AR A — A 1 5
-0.172 1.103 0.023 — -0.166
NHN— N,

s (p <0.05) , VEBHHEC/NE A EY
B R o Al R BN R, 7EAWSE +5EpH
JLHEIN (5.66 ~6.52) , +HEpHXT - R LA

A A 3803 B KRG S e 5 33 C/N R 2 e BE AR AH ]
HILE AT WL, ABFFE ST, LEC/NFIp HAL & 521
TIHEAPLRRT LR EZR RN R

~ 200 pmmmmmmm oo -0.05 2 r0.05
g B |om _ vl 3
R=0.951" : o =, =

& 1604 meme B 1004 = E 160 oo Dol F0.04 2
A:\: = ko g ~T3 o ko -~
) g &S <z
BRE 120 NG oo L0.03 /S  KRE 1201 E o L0.03 ® S
kej= g =I5 &g
<o s =2 ,%, =
=9 3 = = = =) g
R e L0.02 ME  BWg g0 A L0.02 T
.8 I #e 7
5 E ®EE =g

B 40 oo oo - e B s L0.01 §

o

£ k,=0.002C/N*-0.065C/N+0.496 § £ k,=0.034pH>-0.435pH+1.415 Z

- R=0.959" h R=0.996"

Z O T T 0 0 T T T T T T T 0

10 12 14 16 52 54 56 58 6 62 04 66 68
F A L Soil N +48pH Soil pH

K3 HHERRALL . pHSH LS HIN, . kKR

Fig. 3 Relationships of

soil C/N and pH with N, and £,
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3 U ®

3.1 BXXKELANRBASHHE

AILVAA W HAAE SRR, LEhsa
PLAA 7 3% i DURGAE . b e YRR AE 45 PR A5
R IR TR A T 22 5 00 242 sk i 46 10 %
PR R AR R Y], TRt 5%, #F
JZ M A AT HLR AL o3 B W 2 D AR IR AR A > TR
R RS R > M AT A > AR TSR > TR
ISR . MABFEEE RIS LRI E5E A B
ANTE], 3 X — 22 SR U, — T AT RS TR
HIRA A K BT, SR IR AR L B e B T 14
ST 15 A A LR S R BAR R s 5
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Soil Organic Nitrogen Components and Their Contributions to Mineralizable
Nitrogen in Paddy Soil of the Black Soil Region

CONG Yaohui ZHANG Yuling" ZHANG Yulong YU Na ZOU Hongtao FAN Qingfeng WANG Zhan
( College of Land and Environmental Science, Shenyang Agricultural University, Key Laboratory of Northeast Arable Land

Conservation, Ministry of Agriculture, Shenyang 110866, China )

Abstract The black soil region ( 122° ~ 132°E, 43° ~ 50°N ) in Northeast China is the most important
grain production region of the country. The paddy soil derived from black soil after long-term rice cultivation
has become an important paddy soil resource in Northeast China. As the region is cold in weather with the
soil kept frozen for a long time period each year, and the paddy soil has only a short period of time in a year
remaining waterlogged, it is essential to elucidate nitrogen ( N) -mineralization capability and N supply
capacity of the black soil derived paddy soil. For that end, soil investigations were carried out and soil samples
collected in paddy fields in Qing’an County of Suihua, Central Heilongjiang in 2011. The soil samples were
treated with the Bremner method and long-term waterlogged incubation method and analyzed for composition
of soil organic ( N) and mineralizable N in the paddy soil and relationship between the two relative to organic
carbon content. Results showed that acidolyzable N and non-acidolyzable N in the soil varied in the range of
1 014~1 834 mg kg™' and 378 ~ 851 mg kg™', and averaged 383 mg kg™ and 633 mg kg™', respectively. The
former accounted for 64.9% ~ 72.9% or 68.9% on average of the total N; and the latter did for 27.1% ~ 35.1%
or 31.1% on average, Obviously, the former was much higher than the latter in both content and proportion to
the total. Soil acidolysable N was significantly and positively related to organic carbon and total N ( p <0.01)
in content, with correlation coefficient being 0.985 and 0.985, respectively, and soil non-acidolyzable N

(p<0.01) was too, with correlation coefficient being 0.981 and 0.977, respectively. In terms of content
and the proportion of total N, components of the soil acidolyzable organic N followed an order of unknown N
> amino acid N > ammonia N > amino sugar N. The content of acidolzsable ammonia N was significantly
and positively related to organic carbon and total N (p < 0.01) , with correlation coefficient being 0.987
and 0.973, respectively, and acidolyzable amino acid N was too, with correlation coefficient being 0.991
and 0.989, respectively, but the fraction of unknown acidolyzahle N was significantly positive related
to total N (p< 0.05) only, with correlation coefficient being 0.880. After 161 days of waterlogging
incubation, cumulative NH,-N in the soil reached close to the maximum, ranging between 38.7 and 176.1
mg kg™', with an average being 99.3 mg kg™ and cumulative mineralized N content was in an extremely
significant positive relationship with soil organic carbon (7 =0.975, p < 0.01) , and a significantly positive
relationship with total N (7 = 0.957, p < 0.05) , too. Nitrogen mineralization potential ( N,) varied in
the range of 38 ~ 175.3 mg kg™', and the mineralization rate constant (k,) in the range of 0.022 ~ 0.041
d™". Nitrogen mineralization potential ( N,) was ultra-significantly and positively related to the cumulative
NH;-N content, soil organic carbon and total N after 161 days of incubation, with correlation coefficient
being 0.999, 0.978 and 0.962, respectively. Both soil C/N and pH were significantly and positively related

to N mineralization potential ( N,) (p < 0.01) , but negatively to mineralization rate constant ( k,)
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(p < 0.050rp < 0.01) . Obviously, soil organic carbon (N) , C/N and pH are important factors that
affect soil organic N mineralization. Among the components of soil organic N, acidolyzable ammonia N and
acidolyzable amino N and non-acidolyzable N were significantly and positively related to N mineralization
potential (N,) (p< 0.01) , with correlation coefficient being 0.999, 0.986 and 0.999, respectively,
but stepwise multiple regressions of the three with N mineralization potential shows that acidolyzable ammonia
N was the largest contributor of mineralizable N. Path analysis further indicates that acidolyzable ammonia
N and mineralizable N has a very high path coefficient ( 1.142) , but acidolyzable amino acid N and non-
acidolyzable N a very low direct path coefficient, being 0.024 and 0.172, respectively. The findings suggest
that acidolyzable ammonia N is a component that has important direct contribution to mineralizable N and
hence the major source of soil mineralizable N.

Key words Black soil; Paddy soil; Organic nitrogen components; Mineralization potential
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