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Abstract: In order to clarify the effects of freeze-thaw cycling (FTC) on the nitrogen (N) bioavailability in
the cultivated layer in the mollisol. incubation method was explored to detect the vertical distribution of soil
available nitrogen (AN) in the profile of different freezing temperatures, soil bulk density (BD), soil mois-
ture, and FTC frequency. The results showed that after FTCs, soil AN contents decreased with the increas-
ing soil depths. The lower the freezing temperature was, the greater the fluctuation of AN with increasing
depth was. The lower the freezing temperature was, the lower the peak value and mean value of AN in soil
column were. The mean value of AN in the entire soil column (0—30 cm) at —15 °C was 9.3% ~44.6% lower
than that at —10 °C; the increase of BD resulted in the AN value decreased and the AN/TN value increased.
Compared with BD of 1.0 g/cm®, AN of BD 1.1 g/cm® was reduced by 13.0% ~18.6% in 0—30 cm soil
depth, while AN/TN of BD 1.1 g/cm® significantly increased by 0.6~4.7 times. When the soil water contents
increased, the AN increased in surface layer (0—8 cm) and decreased in low soil layer (20—30 cm)under low
BD treatment (1.0 g/cm?); while the AN increased in the layer of (4—8 cm) and decreased both of 0—4 cm
and 20—30 cm soil depth under high BD treatment (1.1 g/cm®). AN was negatively correlated with pH,
while positively correlated to the soil moisture, TDS, conductivity, and freezing temperature. Both the FTC
happened or not influenced vertical distribution of AN, followed by temperature and FTC frequency (p <<

0.05). This study aimed to provide the theoretical basis and technical support for soil N management during
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FTCs in mollisol areas, e.g. improving soil fertility and reducing N loss.

Keywords: freeze thaw cycling; AN; AN/TN; soil moisture; freeze temperature; soil bulk density
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10 261.3£12.4Aab 246.4+2.1AB 178.8+£11.3D 169.48.8D 215.0£10.8Ca 239.1£17.3BC
15 15 231,51+ 11.2Aabc 242.8%+7.6A 202.4£12.5B 209.920.1B 128.2£6.4Cc 191.745.6B
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25 15 224.3+12.1ABbcd 234,9£20.6A 183.8+12.7CD 179.311.4D 189.7+11.0CDab ~ 210.14+1.2BC
20 223,51 11.5Abcd 245,71 22A 205.1£18.0AB 178.9+4.4B 200.4+12,6ABab  214.0+16.5AB

T AT AR RS F 028 R R E R FVRSS R E R 5 ER AL AN 22 5 835 (p<<0.05); R F AR R /NG 58 R R AR &K & R R R

2oy fE R B AN 225 83 (p<<0.05).,
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VAR R0 B 3 AR o B K A3 RS B A AR IR GE
BRI BLS U g R 3R )2 FLBR N L Bl R 2 1
SRR FEK e T BER  Z KSR, 2 4 7K 73 A
T AR A IS Y 1 AT K AR D R 5 4y 1
ERB, — Mok i, 1 HE S K B, VR R 22
SRR R - SRS AL ) i IR T s, X R il A8 A T AR
Uy iEs, AN | R EiEB R L, AN BE 4 2R
R IR AR F5IE N N R SR 1 e Sy 3
B CHRZ K E R R, R E K E
T &S AR A A K S R B R AEAS . R R
AR R HOK A FKIEDS N BETaEm TR, ]
R NIER . [ AR L R s e B 3 N FE Ak
b AR R R PR A BT TE AL A B Ak 3
N A RNE . AW S5 R R U], kw782 5 R 08 %=
+ 2 N WA RS 45 )2 AN Bl 42 R Y
I B B MR R, B OK B R, R JE (08 em)
5IRJZ (2030 ecm) AN F i p 22 Rl . A0F5 A

BATE 3 — TR 581 R B, o e R R R AR R
TN B B W N &6 AL F s 7% 5 e 4 R &
HRAl G R )2 AN XN, DL S AR
Al R RS 4 AN O KA 4 AN
TH] (5% ) A 2 2% L RS2 e R il 7 NS A b L i 02
SO R R O R N AR BN,

FEAR ) ) R Fl A% Jg v, O 405 3R B 2 5 ) + 18 N
TEA R EEF R, AR R ORI
T FEL P O e R e N B R B L 3 i - e
ToHL N A& i, 2 A a5 i, S 31 N, O
(R HE RGN, (R &t A BT R B R ot R
AR+ HE AR AT B N R T AL N i 4
X NH, T —N 5y W B, 351 8 > N IR A R
BE R RS EE N —25 CHE N B E /e
FORTARGEIRE N —5 C R AT BRAK L R4
IRJE RN —10 CLFE R N, O Hik & & T —5 C
AR FEDOT AT ST R URES R —25 C +
Bk P NH, " N AR AR — 15 C K, B



%23

A o s 25 < PR R T T S )2 ) T R B A AR AL 301

FERAM SIS NH, " — N BB, AR5 kB, R4S
T —15 CHpBEA + 8 AN SEX A — 10 °C [
1% 9.3% ~44.6 % , B UF T 5 fill ik P2 L BE X 48 NP
A 1 F R ) 5 () e A BIF 5 45 LA R B E — 5 VR 4
Tk B Y1 L R TR R AEIG , AN AR

HEREL RN B TR EERNERZ—,
B 2 T B I - K 43 3 AS 8 7 S )
iR AR LB, PR EHAR.0 g/cm®) B, bl
G S KRN, £E HHEO—8 cm) AN F i
AHXEFE . A OCHIE AR e B R A RR R R L
N,O EZRH 05 em KL @A HE MK LN
N AR A, HLBEE & K w4 T, R Ak
PR BSR B, R 00 BB . PR AR ARG L 4
HEBE (L] g/em”) B FE SKEM S, RE L
HEN WHERCE N, S5k 0—4 cm AN B 8 B AR I8
B HAE 4—8 em Ab[FIEF 52 N (o] 1 3F 88 FlE% 4k
(RS WA I e o [ A, > 25 o 1 B, 4 3 0K A3
Wl D TEROK 4336 K TR R 0K T 7K B A 3SR 5 0
A X AT B A AR RS HHE AN B R RE
M ZHRHEZ ", AR &I, L5 E 11
TN -2 8 i B 5 9 A8 K 5072 Ak 38 2 ) W il A
AR 15 KEF TN Pt 2% {8 35 2 0, TN 6k 2> i B2
ik 52% . AWEGE K IR , B R Al0E P8R OB L 25
(1.0 g/cm?) 358 AN B R BE N H 2k 14.2 %, 11 &
KE(1.1 g/em®)FT 00 AN & 8 3 AL, AR g
JEf ik 19.2%, HILURAE A G . & T, £ 2
M4 AN Z

FWFFE R VR R T A -SSR A, ek
AR ) A St A W A A L DR I R RE RS 3 N ROIE
BB A0 E ARG 5 B0 4> £ U P 5E
T AR 2L T RO ME AN [ PR 2 SE R S 5, DT 3
M SR 53 % s IR URES S5 AR AR TE ROk B9
A BIFE T AR ) e ikt Y R A AR D B R AR
P A ML Ak AR R DT R i - g
AN M & &, CAME™ RH, RIL R+ X 5K
Ve N B ak B A R R PR B 3G 0 S 2 G
Mk Rk . A5, AR T AN 4405
e X FEJE R T AN A B AN F0E M 80, R
T 5y %% RS KR R A AR AR A R A7
HAARZ AN R, e A [ 25 R
JIE AN TR 25 AN TR K R AN (R R T SR BT, R
Al AE R AN B it i S AR e 4 — 2

ARG AN G A 20 3 58 LA B & 5K
it A DL S, TDS SRk v i i 4 - 38 5 K b i i
Ytk Z A ML B L I H AN A K i RE ) s L A
15 IR AN QREFER S K E N, 11

pH A LA i o A8 A 498 PR AR PR T A0 3R oA Ak L B
P 1 < J VR B AT ML R L b K 23R B R R
HWW AN B &R, — & AN W BN, 1R
B TR AN &R OEAOC, W R T R
IR S B R Z AN K i g ) B st DR
i ST S T R AR AT DU AN B AL

T k2 BT % PR R R Al AR 0—30 em &
& AN S RB R W FEHEAT T 3R o3 B A AR 1) 2
MM oA, E R o0 B 4 2R R Ol AL 2R
B R SR A AN B i 5 OoR 28 A0 B RE A Y A [
BN A SR T R SR SR Y 44,906 (181 DD,
SHBIE R A TE 1.0 g/em’ HRETHIE —10 T” 5
“EHLL g/em’ FREGIRE — 10 CUAHLT L M A 1.0
g/cm’ UREGIRIE —15 ‘C HETM & MEB R HR .
X U P24 P R 45 3l 2 A B L R 45 Sl R 5 ) ) I
AN ZEAR I FE R K (p<<0.05) . F WA 401 kB,
AR AR DX AR 1 R KRS 2 AT SR A R
8 B 4 A R Bl AT B UCOBOM S PR i, — 7 2 B 5
1 o0 e 7R A T 5 2 7 1 A% 1 4 I R KO
RMER SR, 3 F B 1 F MR E I 5Tk, it
P REREPAEAR AR sl AN & . R4S
IR pH AR B HE 1 M R JL-F- 2 0, i 7R
82 B R s BB . B pH R /B X
AN BB SEH, 5K & TDS, B G R R 45l
JE5 AN fF R IEMK,

PC2(13.7%)

MO XA hNLONROG

[
]

8 6 -4 2 0 2 4 6 8
PC1(31.2%)

A 1.0g/em’, EZ R E-10C

A 1.1g/em’, R E5EE-10C

A 1.0g/em’, 4B E-15C

B 7 AN ERHHHF

M AN I BERLIE 2R AR 2, 2R BUAR ) 56 Aol 28 1) 4%

AT LAMREE A AR B 4 AN B AR AR B R i AL,
5 E WA AN R] A8 1) B 22 X 2% rh g [ 7R it
P A% A A2 w5 3 Sy PR (O 5 e PR 220 R0 P A% o Ot
SEAREE AN IR A TR AN BT R e R g 2 ), ]
HR AR B2 A F B X T AN B A28 A0 52 i 7
JE L OARHIE ST A E T R A R RO PR
B SR URALE PN A T CE R OO K R RS IR

95%E {5 X Ia]
— HETFHH




302 K PR R

o5 35 4%

PSR EE pHL L 33 TDS, LB (£ 6), +3E AN
i AR AR 1 52w DR S B A R RO PR > 1 R TR
B R R PR U R A R > S K B > L PV i
S pH>TDS> Hi fH 2> 1§28 (p<0.05)

£6 HMFERITREANNTEENEEESS
s — RG]
HEM/ %
pH 0.206 100.0
TDS 0.183 88.7
FHLBH % 0.174 84.2
A R B AE B 0.143 69.2
(ERTR/ € 0.125 60.8
U LT PR K B 0.092 44.4
RS 0.034 16.3
IR IR 0.033 16.0
oK 0.007 3.2
A 0.003 1.6

PRI 25 b i s 2 75 R A7 R G 247 S 250 )+
58 AN 1Y 5 R T A3 A R 2R T S e 1 N A 3K
PEF U o PR AR A R A X G 2R ok 2 - B8 N
Mo E L R A M n By oL R R
KA Al b R 5 AR T SR R RS R N
A R RN 2R, 6 T AR FE R T R A SRR
JoT it R XA ) AT R 2 PR A R L,
4 5w
(DARTRMAIGH G . £ HE AN 7 5 b+ )2 TR 1
T 52 U Bl R ) e
(2) VR&5 Tt BE BRI, AN Bl A )28 % B 38 n 1 B Y
WSS A B A AN 5= R
(D BEAE &K S A3 A (1.0 g/em’®) K2
(0—8 ecm) AN &, JIEJZ (2030 cm) AN # A% ; 1M
FAE (] g/em®) HHERZE (48 cm) AN HiE, R
JZ0—4 em) ANLVJKEJZ(20—30 em) AN A,
(DFEBPERE A EQ.] g/em®) ) 4 EA
AHXTBAR A AN 5 5 FE 9 AN/ TN i 5
(5)pH K/h5 AN R BHRE ALK R,
K TDS B S % VR4 E S AN & ft B E A 06 ¢
. BB URAIGEIRXT AN 2 5 5 A 52 i B K Hk 2
TEL YL B 5 Rl AV PR O E
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