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Abstract: In order to understand the nitrogen transformation process of non—growing season farmland black soil, the
effects of different freezing and thawing factors on the content of soluble nitrogen components in farmland black soil
were studied by indoor freezing and thawing simulated culture experiment. The results showed that the main driving
factors affecting the content of soluble nitrogen in farmland black soil were large temperature difference of freezing
and thawing, appropriate number of freezing and thawing cycles (1-3) and water content (20%-30%). With the de-
crease of freezing temperature, the contents of soluble inorganic nitrogen (DIN, NH,"~N+NO, -N) and soluble total
nitrogen (DTN) in freezing—thawing soil increased significantly, and the highest values were 89.84, 101.99 mg/kg, re-
spectively, at =15 “C. The content of soluble organic nitrogen (DON) was synergistically affected by melting tempera-
ture. With the increase of thawing temperature, the contents of DIN, DON and DTN in freezing—thawing soil did not
change significantly. DIN content in freezing—thawing soil decreased significantly with the number of freezing—
thawing cycles increasing, and reached the minimum (83.21 mg/kg) when the number of freezing—thawing cycles in-
creased 15, while DON and DTN contents increased first and then decreased, and reached the maximum value when
the number of freezing—thawing cycles increased 6 and 3, respectively. With the increase of water content, the con-
tents of DON and DTN in freezing—thawing soil increased significantly, and the highest values were 20.57 and
107.62 mg/kg, respectively, when the water content was 30%, while DIN content had no significant change. In con-

clusion, freezing—thawing significantly promoted nitrogen conversion in non—growing season farmland black soil,
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and was beneficial to soil available nitrogen accumulation.

Key words: Freezing—thawing cycles; Farmland black soil; Dissolved inorganic nitrogen; Dissolved organic nitro-

gen; Dissolved total nitrogen

RAEAEW K P AT B TS FRITR
{H 1 98 5L 959 DL L 1 580 R S BE WA ) 4 W
WA T, i 2 A AR PR e A A RS A
HET AR ORI o 3 AR Bk sl IR
SRR ZFR R ] % A K (DN, dissolved ni-
trogen) , /& TR AR PR AGERAYH 3, 1
8 T PR AR B AT LA e AR W W OR) e mT
DA A= ) T Al i TE A4 A8 R, — s 251 T ik ] g
PO BE B K, T PR TS G5 X SRR
£ 0] 4~ ] % M JE AL A (DIN, dissolved inorganic
nitrogen ) A1 7] % 1 A #L & (DON, dissolved organic
nitrogen ) o H H , K 2 W58 % o 78 L 5 DIN
(NH,=N+NO, -N) [ 1T #% | % 1k S H A= 25 3 B2 &L
I A5 J7 T %) DON 28 A6 AT hy B Ho A= A8 IR B 4%
I 77 T B B 9T 6 A 4l . DON S 3 A HLA D
SR BR AR 20 4, o 3 vh v i v DL AR W TR
Y AR ASES A AR E MY IR
O3 WSRO i Bl A R R B UTAE O

- B VR Rl B 2 v v 0 B A s e R XRKOR
BURHE W —F BARRY, FEERH T F
e R AR IR TR0 C RS
W7 A 1Y B 52 VR 435 - R Ak o R R O 24 2 1
R FZE AR R SRR R 1, R Rl AR
M A kA g R A B R K ISR AR U W R
V& 25 R B i M A AR - S RAE BE , T 5 e -
Hh R ) AR 10 2k FIAE B X BSR4 i it
WESE R W, VR RlG PR I8+ S A SRR S5 L B
1 DIN A1 DON 5 # , fie #E - S s 07 4L =, {3
WA WFFERI, -3 “CHY R Rl 20 504 B 5 U8
WAl B, HL 2 -8 °C Y R Rl A R AIG A
o™, P, 1 AS ) R Rl 4% 4R T A g AT v
BEH 53 A0 I B e i AR A X T IE A B R R A
oo TR AR AL B R R e SR, AR
DX M 28 A | - S8 R R A A 2 R R T R
T 1 HE D, A R R AR P N ) A R o
PEPR U e i 1 R R IR o g R, Rk
AU R A B A TE P BT DR P S G R Y LU i
L, TR P AR A R B, REAL T R4S -
il R RS A AE ] R 1) FE T PR R R I Y,
T, AR AR H B LN, RITEN
O il A 4D % 73 3230 0 A TR) R Al PR T R TR

JE R AE PR U K ) X ] R R A
Or & BRI AT O, LU A AR gk 2R R JUR T
TIPRA5 TR 2R A B AR 4

1 M#E7H*

1.1 it

HE G 4 R A M S R A T E K
B - HEAE Ty IE R R 25 K I E 7 W sk (LR
T 1977 4F ; 43°30'N L 124°48'E) , % X J& T i
A7 P M R R vk A KU AR R 4~5 °CL AR
P T 1 450~650 mm , AE 2 TG 125~140 d, A
3 U 2 600~3 000 °C - d, 4F- 2% & & 1 200~1 600
mm , 4E 3 0 B H] 2 500~2 700 h, 43225 51y g
R A | B A B OR S DU 28 R VTR . R
INF1E] 2 2019 4F 10 H o SRAERS, SekR LR B,
%2 SR A R 0~20 em B2 5 B 0T B RE A
B N SRR 5 T 1] S5 =, Pk PR R T I Y
AR A PG LW S S A, — A7 i 2 mm i 5
4 CHRAER A, 53—y T a0 5 Al 2 1
Ji": pH (5.80£0.07 ) A #LJET (29.97+0.84) g/kg . 4>
A (N it) (1.7720.07) g/kg. 4= W (P03t ) (1.65+
0.08) g/keg. 4= (K,0 i1) (25.30+1.42) g/kg . bl fift
A (N 3F) (180.45+4.12) mg/kg . A & 8 (P,0,11)
(112.96+7.17) mg/kg . #E 2 £ (K,0 71 ) (330.06+
8.3) mg/kg,
1.2 HRELRIEET

W 3 0 0 6 I ZE IR KR S K R
10% (J5i i 75 K ), JCA 10 "CORE 8L R B 1L X 10
H AR ~11 A 7 H 8] J5 A7 - 38 R Gl 4% #8400 vk & A B
(1 17 0 ) TR IR 5 SR A R O R 15 d, T
PR IZ A=) 2 0 o IR 33 ] A SR 3% 00T b FE
P Ky o
121 7R aRE AKX B

FREC200 g KT 4 14 1 8% 57 12 3% T 100 mL 35
FEIM B TR, I ZE KA S K2 2 15%
(e fr K ), AR LA PR B I 3 1 78 3 — 0
SRS T URZE 6 d, SR A TR — Rl ik R T Rl E 1
d, BEHLBCRE BE A7 al 3 M R o M o R 45 1R
WEHN:-3.-6.-9.-12 . -15 C; LI &% E H
2.5°C, BAAM3REL, JF i EEE2 C4AH
Vit B 12 300 1) 45 B 2 d B AD SE K 43 o



139 PEBLARS L YRR PR XS A HH A b m R R A 0 Y TR0 53

1.2.2 R @R JE IR R BEAE DK I

K 12,0 W07, Zead — 2 406 2R OB 5 il
J&  BEMLEBURE AT 0 I v R AL A A B o VR L 3R
R E N 1.3.6.10.15, HiF fE-3 ‘Ci4h6
d 762 CRltfb 1 d & R 1A VR EAG PR 8. Ab
PRIE] 1.2.1,
1.2.3  Ko& 2 ke B X ik

K 120 007 %, 38 5 T 9 48 38 50 i 78 18 K
P A K E R 10% . 20% F130% (i & K&,
FH S LA L 6 B 10, 280 1 A0 3R TR B0 5
Je CUR B I8 R B 52 TR 1.2.2) , Bl AILERORE 845 T
YR S b, AbFER 1.2.1,
1.3 MEFZ*

DIN(NH, =N+NO, =N)2k H 2 mol/L KCI # # ¥=
P&, 3% S s A BT AN (AA3, i AR B 5 L 2N )
E 5 A 4 ZU(DTN) SR FH 3 R 8 4R Tk — 58 A1 4
6% B 5 %2 ; DON = DTN-DIN™,
1.4 HiEaE

B K F Excel 2007 1 SPSS 19.0 #1748 1143
B, K F Duncan’ s 3 JE 47 £ 5 U 4% B0 “ R HF
PHE AR HEZE "B A RIR .

2 R 55H

21 SRERERATREAELAEMEELZNEE

L 45 1E

ViR R I B R RO PR EORIK 4 B R
B4 DIN 4143 7 2 5 5 25 (P<0.05) , H LAAS 25 A
(B 1) 5% B L, 76 R 2 T R R Rl A A
WBAE T, %l 4 1€ DIN 44 43 (NH,'-N, NO,-N)
P b Y S B, LG 0 i PR R L R R O
8 2 U8k 5 (B 1A (B 1B); 76 A [F K 43 & i AR
FAR L 7K 50 &5 5 20 % 1 30 % fil 25 8 & 2 o & 3%
Tk, A 75 Fil A 58 DIN 20 4% 2 34 00 b 2 AR
TR (B 1C) ., Fifi 2 R 235 1 B B AIG, ol 4 38 g 2 2L
A B A R R E RN, LL-15 CURZS I ek,
4391 4 80.20 mg/ke(“F-FI{H ) F19.64 mg/kg(~F-HI1H),
B -3 ‘CURSZE B 43 50 38 1 7.43% A1 19.33% (K] 1A),
Wi 2 AL TR BE TG L -6 CURgh B S AL B Fil-9 °C
URES A 2% it b 35 3 n Ak, HoAth R Rl 1- 1€ DIN
o i I8 W AR 1A) . B VR G 2R
UCECE I, FRh H IR S A S A T R R
REAIC, LAAE P8 B 15 I d5e /I, 4300 Ry 74.68 . 8.53
meg/kg , B AE PR B 1T 43 ] A 2.31% F19.69 %
(1 1B), BEA K5 & 3G, vRmh + 3 s A8 A& it
SRR, R A A A B R, LUK

AETETHLA (ng/ke)

90 B
e M1 A
< WMl A
) h af |
E80 A B{ h
I AR kR
70 T L
+H A .
= S I
= : : - .
60 - 1 i ] 1 - 1 1 1 L . 1 : 1 1 : J
CK1 CK3 CK6CK10CKI5  FT1 FT3 FT6 FT10FT15
VR BRI
BNOs N
90 5
R ONHaN c — L
=z ™ ~
—
Fo aC aC aB ah
E80F aB -
._E 'dA LT ——
i 0Y I SO alfl  laB|
i o I e I e 2% I T %
T
60 -l 1 el 1 i 1 1 hl 1 - 1 hl J
CK10% CK20% CK30% FT10% FT20% FT30%
KoyrE &

TE AL R [l /NG 5B 3 il Ak i B b 3R] L R S TR
Ak PR 22 538 i 2 7K (P<0.05), AN TR K5 5 B 3R R R 45
TELEE | R RGP UCRIORK 43 2 oAb 38 ) 25 57 36 B 3 K P (P<
0.05) 5 CKn: 91 PR U B n 19 X5 BEAL B 5 FToc: 46 2R 05 n 14 R
il Ab s CKn % « K43 5 8 n % (14 BEAL B 5 FTn % < K 43 5%
0% MR AL, R[]

B1 FREFRTKEELABIELTIRNEE

309 B ik BIALAE, 43514 75.70 . 11.34 mg/kg (1 1C),
AL UL R AR Rl R 22 (= 15~~12 °C/2~5 °C)FI3E ‘B AY
IK 53 Fr (20 % ~30 % )T ik il e B B& + DIN 4143 5
TSI ACK , HURES IR AR B & TR IR
22 HFRMERMEATRKAZELWAIEBINET

L 451

% Bl B0 6 4% PR 4 DON 5 5 52 i . 2 (P<
0.05), H. 5% e #% B R 4 il I B | 7 il A0 28 Uk B8R
Ko SR (E 2) . SR, BR-15 CER4s/
5 °C Rl Ak Ak 38 I 5 - = A, A VR ol 4= € DON %



54 B | | A A 47%:

A
16 rap aB aA
M T AB
‘o I | af ah I ahB T ahB |
<12 Ff] [] an [ wa _IaABI T |
%D . T g - i 4 1 [ .
= 10 - . 1l . . A . ] | .
& g}
=
& 6
el
g
EP
0 |- 1 N 1 =11 1 i 1 = 1 1 T 1 . 1 Ay 1 1 1
ok |-3]-6|-9l12l-15 [ex|-3]-6]-0]12l-15
2 5
CRALIERAE (°C)
25
B
~ 20
2 A
ED : ah ah
< 15 aBC %
&
T
s aB
= 5 F
0 1 1 1 1 1 1 J
CK6 CK10CK15 FT1 FT3 FT6 FT10FT15
VREICIEIN €
25 1 aA ¢

B aAB
20 | a 7 g aAB %

10

AEEEHLE (ng/ke)

CK10% CK20% CK30% FT10% FT20% FT30%
Ko

fem

B2 FREAGREBLAREENANZIE

T E AR, BE A RS R R R AT, YRl
8 DON & & A8 {647 2y A il Ak L B2 17T 57 5 2 “Cl Ak
WG W A AL, 5 b i SRR AR S T X
FE-15 CURZE B K 3 1 35 M KF -3 "CURSS i
BN 8.58% . WA Al AL IR BT, BR-15 "CURES
FTE AN, HoAl R A+ 3 DON #5200 W 3 AR
b (B 2A). Bl & VR @il 06 6 o 8088 n , o mil 1 32
DON & 5 76 78 PR K0 3 LU RY 2 25 36, 5 i@
120.50 % ; 756 PR KL 3 LU B A FAAR , (B 3% A ik
F) I 2 AKOF (] 2B) 5 156 B 38 B A9 VR il O 2 I 8K
(1~3) R} 7 Filt 4 T 2B+ DON & 2 5% Wi 72 8 55 K
Bl %5 7K 43 O f 3G, R il 18 DON % it i 2 4

hn, PLK 43 5 4 30 % I #5 R (20.57 mglkg), K 71
i 10 % B 38 70 24.30 % (FE 2C) .
23 FREMMEATKEAELAEELETHK

FHE

% Rl 2 % 4% TR+ DTN & 852 Wi 3 3% (P<
0.05), 5% Wi A% J£ [A] VR ml IR B2 % Fl 916 B U B8R K
Ay RS (E 3), HUADIN A £ (F 1.8 2)., 5
X A L, 7R R Rl BE AR R, YR 13 DTN &
0BG 0] 3A) 5 16 Ok RlUIE 218 BCRIK 43 & 1
YEFF  BRIG R E 6 1 15 25 TH s oh , Hofh v m
43 DTN & & 370 1 & M A2 k(&1 3B LK1 3C), Bl
R AR R A, VRl 3 DTN & & 3 8,
PL=5 “CURZ5 I i R (P-4 101.99 mg/kg), #-3 °C

106
104 pe
102 f
<100 |
0
98
9%
94
92
90
88 |
86

AEMEAE (n

CKi -3 | *-6 | —-9 i—lzi—15
5

o]-sls] o119
2

PRELIREE (°C)
110 ¢
aA

ah aA
100

90

80

Al AR (mg/ke)

70 1 1 1 1 1 1 1 1 1 1 J
CK1 CK3 CK6 CK10CK15 FT1 FT3 FT6 FT10FT15

TREMEER UCE
C al
a3 aAB  aA aB @B %

21 7 7

110

100 F

90

VAR (ng/ke)

80

70

CK10% CK20% CK30% FT10% FT20% FT30%

IR

fem

3 FRBEAMKABLWAEEANZMN



139 S5 B - YRR X A [T 7 - AT P AL 23 B A 55

DRSS HE TN 8.39 % (V- 11H) . BE & Rl Ak IR E T
BR—6.-12 . —15 “CU 45 W & Tt m b, Hofh vl 1 18
DTN 7 5 34 J0 1 3 PR A2 A (1 3A) o I B AR 1Y R
25 BE(=12~-15 “C)XF Rl A B R+ DTN & &t 5%
Mol 45K o B R O PR R i, R Rl - 3 DTN
ST S BRI, DUE P K KR 3 B S B iR AE
(100.33 mg/kg)( & 3B). 15 BH 38 FL 14 R fl 16 208 8L
(1~3)%F i il ¢ 122 4 DTN & sy i K, B
KAy T BN, YRk 3 DTN & & W3 8, DL
IK A3 5 i 309% I e K (107.62 mg/kg), 38K 4 & &
10 9% Bsf 38 4111 3.94 % (5] 3C).

3 9 #®
SRUD e B R AT U A 0 R i L 3
X T R SRR LR IR T A R S RS

RIEAR B BT E AR5 p, FRaLE 20 3%
gk B 2R A DIN H 40 & & . X2, —Jrm,
i Rl A R A S AR W BE T, AT AN N ) B
R 1B v DIN B9 B3R U, R B S8 T3 AR
SRy A M v gk B R AR ) R IR SO R i v R
AP R0 P AR 2E Ak AR b R R R
MY BE = 5 — 5 TH, VR AR A Re A% S B L
FIEAS T R A A AL RN TE AL A ) e 265 SRR T
S H A 338 v K 43 1 3 78 R Pk K AE A2 3 0
FHe P NH ™ R fil i 25 | R RS B8 B8R K 4y
TR AR AL BRI H T, ik
S-S SN R, R IR 25 RN R A 0O 98 G
HLAR & S22 R VR AlR 2 A 5 51k
I TCHLA R, X AR E T AR SC R AE 5T 4
Heo BLAh, i ml BE A 2 52 ) A 0 A R AR )
PR R ES IR AR, A 1 A SR Ak >
Rt M ARG 1) R AT 2R A4 B e O i/ N AT SR A A i
- A LT RN AR B e, DA T 3 SR A LB 1Y)
Oy fE R ARAE AT, R DL T B A R S L AR
WEFE b, B A R Rl OE 28 OO N, R il A 2R 1
DIN 20 43 7 5 34 I 35 IG5 55 1 O B A5 B A
g XERK,—m, BRI, &
A Y Ak R A B [(180.45+4.12) mg/kg] s 5 —
D5 T, B N R Rl AUL 8 3% 1000 AR 5 B AR 3R
W R R AR R TR S 2
W R RE A E AT, IR ET b= P R
il T A VLA — 2™,
AT, VR G 26 6 1 1% DON A1 DTN & &
S o BEE VR A IR AR, VRl - € DTN &

O, XK R 13 DTN H DIN (5 £t #51)
505 T DON & & BRI 6 e E Ak, X 5%
BB R R AU, AdEA R R
BH VR 45 TR I, 1 3RS T PR R AR, B
1) DON & BE gk i 201wl DL, o fll vk 3 %+
1 DON 1 5% i 45 5 =2 A3 35 % 42 i 56 O 2% 14+
2y, B & VR BOOE 2R OB N, VR @l 1 58 DON il
DTN 75t 2 S5 1 0 Ji5 B AIK , LA PR IR 5K 3~6 A
R, Uk BH U R L BE A% 2 F 1 3% DON 19 RS, 3X
5 Grogan WM X458 M — 8, XEH N, —
J7 T, VR il B 5 i A W K s AR T, R OR
ALV PSR A, 3 2 0 R RG BR 45 - SRR i
T O P P B I R AR AL, T B R Rl B
AR BT 1 2 ) i A W BRAIG B EE ok A St
TS0 W0 W /N o 7 B L& SE R 55 DON 41 4y %
W 5 — 5 I, B A R LG B OB L,k B+
158 1A SR AR B ik 1 DON 57 dt 328 7 B AT, ) i 1 8
H A 1 DON HAS B b 4 04 0 1 43 i, 53
13 DON 5 2 3 7 T B>,
ToKEZEEm T EA RGN REREREY,
TE— 5 0 B0 [ PN, MU 0 b o R i W
B8 3G A S RAE B TE A S K T H ]
R 7K 2 s A A K R] R K S T Ak R ) 2
Z FN AR AT B A K A B, R
Al A S A S R ERER, MRS A S & W
B X B, A 8 K i TR T R i
Ak R Al Ak o 2 1 % A € DIN 21 4y 5 8 e AR
M, e AR v, A R K A R T A AR
FHEHEAT A R i A AR B & 7 K a0
AT R E W AR R BV R 4 A A
A= P11 ) N/ 8 -1 1 ) B e o 4 ZH B SR N
e M, H DAGR A B 7K B 6T A 48 T 3R AT i e
e, P 3R A i g R b R R R 2 I e S
Bifi % 7K o3 5 B G0, Uk @l 4 3E DON A DTN 75 &4
5 E R i DIN(NH, -N+NO, —N) & & 76 I & P
AL o X SR B OA A TR R K L R A
Xof - S B AR ) 0 SR P B A K G e
B, R TS B £ 9 DON B ik 1) 3 tp o7
T DIN & &t Jc i F Y224k, DTN iy 284k 47 = %

52 DON 7 5 15 )
4 % %

ZREN A B 4 DIN . DON 1 DTN 45 &5 19 25 1k
170 52 R R FE U Bl 4G B VR B80RT K a3 B 1 Bl



56 AoAb A& e BE s

474

[F) 52 5 G v, e KT R IR 22 38 B 1) O AR A
BN 7K 53 % 1 2 5% e R il Ak HH 2B b T s PR A
g3 W E LIS R o Al L AR 2 PR R
], VR AE ) e AR A K R R H AR
b, B FF LA SRR R, R A K )
YEWI R 2 57 40 75 K ) [a] 1) ﬂli‘ﬁﬂj:%%}iégﬁﬁﬂ*
ﬁ/}lu%nﬁi,{ﬂﬂﬁ%zw—ﬂﬂ’]ﬁﬁ KR

S Uk -

[ 1] Murphy D V, Macdonald A ], Stockdale E A, et al. Soluble or-
ganic nitrogen in agricultural soil [J]. Biology and Fertility of
Soils, 2000, 30(5/6): 374-387.

[ 2] Groffmann P M, Zak D R, Christensen S, et al. Early spring ni-
trogen dynamics in a temperate forest landscape [J]. Ecology,
1993, 73: 1579-1585.

SRR, P, 5k 7, 4R R E LR AU 1 s T
IR TR 15 e B 9 £ [0 AR A R S IR 41, 1995, 1(2)
80-87.

FH 8% 3 %ﬁ“ﬁ X, A ORI XA B AT A
AL ]T). 15, 2017,49(3) : 512-518.

Zhong Z K, Makeschin F. Soluble organic nitrogen in temperate

forest soils [J]. Soil Biology and Biochemistry, 2003, 35: 333-338.

[31]

[4]
[5]
[ 61 Thebault A, Clement J C, Ibanez S, et al. Nitrogen limitation
and microbial diversity at the treeline [J]. Oikos, 2014, 123:
729-740.

[ 71 Perez C A, Hedin L. O, Armesto J J. Nitrogen mineralization in
two unpolluted old—growth forests of contrasting biodiversity and
dynamics [J]. Ecosystems, 1998, 1: 361-373.

[ 81 Grogan P, Michelsen A, Ambus P, et al. Freeze—thaw regime ef-
fects on carbon and nitrogen dynamics in sub-arctic heath tun-
dra mesocosms [J]. Soil Biology and Biochemistry, 2004, 36(4):
641-654.

EENE SRR AR 1AL VREAT T ey R G A
AR5 AL T S HE I 5 R (D], 0L A2 25 2441, 2007, 18
(10) :2361-2366.

[91]

[10] Joseph G, Henry H A L. Soil nitrogen leaching losses in response
to freeze—thaw cycles and pulsed warming in a temperate old field
[J]. Soil Biology and Biochemistry, 2008, 40(7): 1947-1953.

[11] Matzner E, Borken W. Do freeze—thaw events enhance C and N
losses from soils of different ecosystems? A review [J]. European
Journal of Soil Science, 2008, 59: 274-284.

[12] Fitzhugh R D, Driscoll C T, Groffman P M, et al. Effects of soil
freezing disturbance on soil solution nitrogen, phosphorus and
carbon chemistry in a northern hardwood ecosystem [J]. Biogeo-
chemistry, 2001, 56: 215-238.

[13] Herrmann A, Witter E. Sources of C and N contributing to the
flush in mineralization upon freeze—thaw cycles in soils [J]. Soil
Biology and Biochemistry, 2002, 34: 1495-1505.

[14] Eilson C B, Groffman P M, Hamburg S P, et al. Freezing effects

[15]

[16]

[171]

[18]

[191]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[291]

[30]

[31]

[32]

on carbon and nitrogen cycling in northern hardwood forest soils
[J]. Soil Science Society of America Journal, 2001, 65: 1723-1730.
Hentschel K, Borken W, Matzner E. Repeated freeze—thaw
events affect leaching losses of nitrogen and dissolved organic
matter in a forest soil [J]. Journal of Plant Nutrition and Soil Sci-
ence, 2008, 171: 699-706.

WA, W &L BSOS OWE T R e Ak W HE
BRSO AR W], Al TR 2741, 2013,29(17) - 87-95.
O B R URE SR X R R R L S
PERISZ W], b, 2014, 51(5) : 1103-1109.

IR, FRIEAR , s R . 35 AR B R B8 IR AR B TR
1. AR AL, 2018, 43(5) : 41-42.

RAHH BB, GRS R R 6E N 2 22 0 -
SO ik A BB R R AR Y 52 ). K B PR A,
2015,29(5) : 260-265.

B qmah . R AL 53 BT 7 (M
AL, 2000 : 12-196.

Freppaz M, Williams B L, Edwards A C, et al. Simulating soil

b E el B 4

freeze/thaw cycles typical of winter alpine conditions: Implica-
tion for N and P availability [J]. Applied Soil Ecology, 2007, 35
(1): 247-255.
Wk, T,
T LA A B AR S (], ]
2013,29(4):106-111.

Lehrsch G A, Sojka R E, Carter D L,

LR GF VR RS X 2 ol L
(B 50,

et al. Freezing effects on
aggregate stability affected by texture, mineralogy and organic
matter [J]. Soil Science Society of America Journal, 1991, 55(5):
1401-1406.

o XUER, AR VR R A P F o S D SR A R A L
AT L]. A A PRG54, 2013,22(7) £ 1269-1274.
Amador J A , Gorres J H, Savin M C. Role of soil water content
in the carbon and nitrogen dynamics of Lumbricus terrestris L.
burrow soil [J]. Applied Soil Ecology, 2005, 28:15-22.
TRAR A . VAR A8 5 o o 8 T ) SR SRR A 3 )
N K5, 2010.

JEINEI], ik, XISRAL, 45 . VREOO) i - T i U
A LR NAL]. A S S R FREE A4, 2008, 24(3) : 1-6.

Schimel J P, Clein J S. Microbial response to freezing and thaw-

[D]. 2 - 7

ing cycles in tundra and taiga soils [J]. Soil Biology and Bio-
chemistry, 1996, 28(8): 1061-1066.
AN XU W . S AR RV P X S e g
AR ZS IR IR (1] AR 257 20, 1995, 14(6) : 29-34.
TR AL, 2 S0, 42 R R S X KR L KA A LB
i N AL L RS2 ). T EE iz, 2007, 38(6) : 1052-1057.
Paul K L, Polglase P J, O’ connell A M, et al. Defining the rela-
tion between soil water content and net nitrogen mineralization
[J]. European Journal of Soil Science, 2003, 54: 39-48.
Bernhard—Reversat F. Soil nitrogen mineralization under a Eu-
calyptus plantation and a natural Acacia forest in Senegal [J].
Forest Ecology and Management, 1988, 23: 233-244.
(F#%657)



14 B

AR < R B M X TSR IR B A BT B J8 A s 65

e, A B TR R AR R
o, B AR Y B K, IR A TR AR
T e AR B f A IR S IO 2 KO- B AT
SR R, BLIE BOKOE BT L B A I
(23.96%) o Jit LA, 75 7% J& >4 Hb 52 By 1 50 1Y JE il
b UL A I A A i S it AR A XL AT R A
B P NS Ry N LW I 1 = L6 1 S D=
PR B A Joit £ oA 0 il 5 DR B AR A
- A0 A 7 AR T R SRR D ) 4% DX R A
FEREEC 7, v LA K b N R A 55 oy
PSR W, S B R € 00 T TT R 2k R e 4R R R
2 SO (RS Sk AR R e AR A R Y R S
PR R ) IR T

S Mk

ARG ORI A Y S (M. B AL VLR R 2
Fe AR L, 1991 - 5-40.

o1 F AL WL SR DR TR (M. B AT VLR R R AL,
1989: 112-156.

[ 31 o FE, Mty , FOMKIE . 4 5847 HLIT LA HUIE XTI 5 g5
HY SR [J]. 2 3Rl B2 , 2007, 35(20) : 6160-6162.
MR, B, O, 4 A R 3R A R Bk
019 43 BT (. 0 8 A% b R 2 2 i (H SR B2 W), 2003, 29
(2):150-153.

THE B HL R, S 12 M R A R A
TR0 5 it A X ST - 4z, 2006, 37 (4) : 684-687.

GE MG, FLAN IR , 25 BT, 25 . 7 [t A s = %o /K A 35 0 %

[1]

[2]

[6]

[7]

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]

W ) R B A 8 35 43 S 5 B B2 W D], 25 db A 0lk Bt 27, 2018,43
(1):1-8.
T W, B0 RN O BB e L A
R[] VY R Ak 24, 2007 ,20( 1) : 67-71.

B SUAT , T RbR AR A . A A 4 B 5 BRI W M. b
50 P E CHR S A L 2008 1 26-79.

B b I AR 2= A BT 5 3k ML L BT RO R 2
Fe A AL, 1999 ¢ 146-185.

1 B R R AR A HT (5 RO ML JB 5T - Al R
1986 : 40-64.

AT M. R ATk M. b 5T Rl s At 1981 :
208-230.

A [ A I o E L op R A HOR (M. db T Rk
WL, 1992:85-116.

W, RAker, A 3% B S SRR AL 0 F 5T R
[J]. 5 Mgl Bl , 2015,40(6) - 59-60.

WO, R, R LS R IERAE R BT S A BT O
PEJEL AR T, 2019,22(5) 1 9-13.

XA g B W A5 TG R AR 4 pH A F B R Sy
FEAE B HOAH G R[], H1E,2017,49(1) : 49-56.

AR I IR RE R Sk AR M. 5t B - 5RO BR B AL,
1998 : 58-62.

JE R E R, X0 S 8 2 e R B 18 7 AR
FER R )] AR de gl B2, 2019,44(2) : 7-12.
S5 B  BAHRE 2R SCRE | AF L N A A - HEAE ) T )
PR AR A B o R 24 4, 2002, 8(4) 1 14-20.
HOREE AR AEM). LAt B AR Lk, 1997:301-308.
AR, TR, BN R (M. Jb Rl
HRFE , 2000 : 119-125.

(THERE . 2)

(k4% 56 1)
[33] Stanford G, Epstein E. Nitrogen mineralization—water relations
in soils [J]. Soil Science Society of America Journal, 1974, 38:
289-299.

IR, o AN L R T 0 R e R 2 ) RO A
RUHE A J). 7K A2, 2015,29(1): 137-142.
FUTRR, PN TSR 98, 55 . R S0 X LR R e Ak
AH OGBS I (). AR, 2016, 47 (5)

[34]

[35]

[36]

[37]

1265-1272.

FOR e, A RS A VR R 0 B R KR A R
PR R vk IR 1, 2009,31(5): 915-919.

Kvarno S H, Oygarden L. The influence of freeze—thaw cycles

and soil moisture on aggregate stability of three soils in Norway

[J]. Catena, 2006, 67: 175-182.
(Frix%p4 . £

2)



