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Table 1 Basic physical and chemical properties of the tested soil
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Fig. 1  Effects of freezing and thawing alternation on inorganic nitrogen content in the soil
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Table 2 ANOVA of the effects of temperature and frequency of freezing and thawing on nitrogen transformation and soil enzyme activity
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Source of Ammonium nitrogen Nitrate nitrogen Mineralization rate Nitrifying rate Urease activity Invertase activity
variance F p F p F p F P F p F p
Vi il i 2
42.26 <0.001 165.7 <0.001 23.99 <0.001 231.3 <0.001 896. 8 <0.001 3452 <0.001
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Fig. 3  Effects of freezing and thawing alternation on soil enzyme activity
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Table 3 Correlation analyses between nitrogen transformation and soil enzyme activity under alternative freezing and thawing
SR AR URISUES it Al ik <
Ammonium nitrogen Nitrate nitrogen Mineralizationrate Nitrifyingrate
JIK B 3% 1 Urease activity -0.353"* 0.254" 0.183 0.306"*
e ALEIG Pk Tnvertase activity -0.396"" 0.266 " 0.374"" 0.337°"
Hoeowox fRFR0.01 K RE,; « 18F£0.05 /KF B3 Note: # # stands for 0. 01 of significant correlation; #* stands for 0. 05 of significant cor-
relation
TET VR il R ) S A A ) 5 T ] T R 58 R B
3 i #® TEZRGR AL, VR il AR R BT — W AR, 3 R
HA e 2, 07 T R B R BT b S A W B R
o [14] p p
31 ARZEBENETHNEARIENZN B U, TR T B W O R BRI A A

ARFFTAER X PSR T RET 1 ~2 TR Y), R TR, A M T LA
ANV S A T AL LR R . — 0 ALt R gl R A LR X S

http : //pedologica. issas. ac. cn



54 7

4G < VR Rl 28 ) PR b SR 3R e 1 Tl T A 1) 52 ) 1107

AL TTRR, Freppaz 25 I\, il 7] E S 5k +
o LR AS 1) R 95 LA AL 1A oh NH, =N B
o TR 20 7 5 Bl A R 2 Al 4 A e B
PR, G B RSB 5 W, A B S T
T IR AS L. (H - 25—5 °C V5l b 3 (5 i
3 A 0 e 2 L e T AR, X T RE S e A AR
T X, e Ah , V5 Fl I 2 5 38 AT R Ak iy —
A E R, BT, bR E AR R
RS NZIE 2032278 WNZE X7 SNZE 37
RER A2 P LB 22 5% A LR &5 R TR AR
T /N VA B8 2 S T o 4 700 4 35 5 A1 A HLITR
2k SR AL R R SO RE R B A5 A 1Y, B E M AR
S o R P AR IR Y K P B R i R TR R
A, A - S A LR Gk 2 0 0 4 A, DA T 84 0 A
LR B4 43 % A0 0 A6 P T, DR I 38 0 T 25 R
BV AT AR R R R AL (- 25—5 °C) B
A AT T PR A (- 10—5 C) WK, R
5] 5 A o S R R R B (36 2) A
SIZ 56§19 79 1 7 L R X Y 40 B Y 5 R B R A
[7] 5 T Zacd 485 — AN JEL 300U, 7l A L A 22 0 ok B
X WA AR LA , 53¢ S o T 4 39 B0 Tl £ 1 I 52 3L
SR T R R, A BF 5 3 WG R B 5 T M k) 1
HEr s AL Ve T . Henry' ™ 86 JF & T A HE R il 0
P01 Sh 25 0, 205 5 32 WIS b 200 T 0 Ak 4 T e IR
i A A O AR 5 B 7 B S R R BB, A A R
ST Y A A i B R R U I 8 . AR
S5, Yo FES 2L 725 280 e B 36 9 A AU 2 - 3 v S A A
P B 45 5 T X BB 2H 2l A 7 AR e 32 3 2 1R o
J B Ak B A BT SR S ELRE R S ~ 75 e
AR f) o Ao B L 30 3 — B R G R N
3.2 R EIEE R EEN M

LB 30 3 7 R A R T B - B ) ) - g o
REMHLRBAIE " AR R, R &S
Fty o 8 240 4 8 3 D e B 5 S I o &k
5 4 S 36 2L Ak o 2% Y Ak T % A% T R 4 R
6 JEIIUT) , UE W 76 A1 3 4 PG LR, P R
W F) 5 P AR IR, DR 8 8 P R A B R
JE 2 A T 00 3 B0 oA of R ARG T S B 20, K 5 RN S
R AR A % VARG (R 1), H (b R
a5 A R — B X R R A R S
SR PR S ER ZE SR T I 2 7 T B g (2 A T
WG ) A A3 0 A3 58 AL A AR ] 8, i ] i
SR AL B AR S S, ERes mha
WY VK 8 v 3R R 58 A4k, — LUKV - Sl

A, 25 PG PR3 58, I PR R B AL . B L
AR (JEHR LT ) 77 £ 04 T8 961 T3 A T 14 B ol
BG40 U6 A AT O D B A R
P P TR A e e 28 B T AR S0 A SR 4 2R
3.3 FRZELIEREEEAIME

HF 5T - 98 il 3 1 3l A AR A TR A T
A R A B o A TR Y R O R R B Y
R Tl S8 Al 2 A B R A R B
+ AR R S R AR IR Oy it AR SE R 4 IR
P WA [] - S Tl 375 P8 X A ] 7 il i B2 ) W) IO 7
W25 (p < 0.01,3%2), 5 M A HE B, ARl
SR TR R A Ll 9 A A S 56 R U IR 1
T PRI A Tl 3% P v T R A a0 A I AT R
VRES VK2 e FER 16 3 2 1Y JR) W08 BK S 3R 45, oK il
e, i B0 2 i R A K HE 48 358 A i S Ak TR
A0 A IR A R Al A T X R AL
HERRR R 2 5 R A O B g, 7 5 R 1 R
3 R, A AL RS B LT (R L) iR A
R X AT RE R K O I A B RS AL s T AR Ak
LN TT 1) AW T A S Y AR A B R B
SRS R, X T PR R R IR S A
— R Y O B 5 T Al Tl T K S R B 7 A A 0 A
SR SRR B AR AL B
I MR A% Joy ¥ 22 5 R e AL i OG E i AR k.
J, SR 2 FA ) AR 3 v A A Tl R I 2R
i B A T EAROK S B ARG SR B2 3 R, 5% AL S
PhdRe i, 3 AT AESE 3 YA VR R - R T AT
Bk, S5 T B A O B A e T TR 4R L B
ik PR WY 3% 7 FE B L AR ) R AR B RE T TS R
ik, Zid 2 W 2 i VR Rl R R S o AR
R BE T AR W AR A A A 32T 4 B P 1)
SRR, B AT TG R B A BT T7 B
ST ON R PR B IR A T S
JE 0 K R P R O Y A, 2 TR OR R AR
P T RIERG IR, 5 - 10 C A PR R 45 A
oA, —25 °C g o 3 UR 45 B0 O 1R SE A, DA Ot
il I 1 2 B O v i 2 VR R > e o R R R . AR S
K BB FE A RAL T LU %03R B Ak 18] 125 i
b SRR ATl O P, JF LA A A 98 B 18] A OC BE RO,
XARESE T P AR WAL T
C/N t, 5L MA Y AR

4 4

VRERSCE W LW R L EHLA & &, PR

http : //pedologica. issas. ac. cn



1108 + b

2,
=2

il 51 %

VRELA M T 80 25 0 R B, T e 9 R VR e R
b AN AR R B R AR b T bR R VR AT R 5 R A
iR J3E RV il U R R W) R B9 R e Al R VR B
2N S IR U SNTTPORTER (Bt e S A PR E i
R HE . IR R R ) R Rl ek - R R I A 5 AL Bl
R A A R, L R T T A T T v 2
B SR R R > v R A 2R L, R VR
A FH o S b 2R e e B S i O M B AT R
M 38 v B R R O 1 S R AR ) A OG B
TR T A1 0 3 gt AR 5 e R TR A TN R R W R
LR A L ER AL O B AR AL 2R b R R B
et 8] 42 52 00 5 5 A Tl I P

& X 3

[ 1] BSEIL, TN, T Y855 . VRmhxd T3 A 2 % LA N, O HE
W B S . R AR R, 2013, 50(5) : 1032—1042.
Cai Y J, Wang X D, Ding W X, et al. Effects of freeze-thaw on
soil nitrogen transformation and N, O emission: A review (In Chi-
nese). Acta Pedologica Sinica, 2013, 50(5) ; 1032—1042

[ 2] Sajadevan K, Bavor H J. Phosphate adsorption characteristics of
soils, slags and zeolite to be used as substrates in constructed
wetlands systems. 1998, 32(2): 393—399
VEBESE , ZEH 0, i A, 5 WA DR T b 38 2608 bk K% SRR AE
RIS . ol IR RLF224, 2013, 32(5) : 991—999. Xu

X G, LiYY, Meng C, et al.

Water Research,

The characteristics of nitrogen and
phosphorus leaching in a paddy soil in subtropics. Journal of Ag-
ro-Environment Science, 2013, 32(5) : 991—999

Purig G, Ashman R M. Relationship between soil microbial bio-
mass and gross N mineralization.

Soil Biology & Biochemistry,

1998, 30(2): 251—256
[ 5] BumsR G, Dick R P. Enzymes in the environment; Activity,
ecology and applications. New York: Marcel Dkker, CRC Press,

2002 1—342

[ 6] Mikan CJ, Schimel J] P, Doyle A P. Temperature controls of mi-
crobial respiration in arctic tundra soils above and below freezing.
Soil Biology & Biochemistry, 2002, 34(11) . 1785—1795
Hentschel K, Borken W, Matzner E. Repeated freeze-thaw
events affect leaching losses of nitrogen and dissolved organic
matter in a forest soil. Journal of Plant Nutrition and Soil Sci-
ence, 2008, 171(5) : 699—706
Freppaz M, Williams B L, Edwards A C,

et al. Simulating soil

freeze/thaw cycles typical of winter alpine conditions: Implica-
tions for N and P availability. Applied Soil Ecology, 2007, 35
(1):247—255

Lehrsch G A, Sojka R E, Carter D L, et al. Freezing effects on
mineralogy, and organic

1991, 55(5)

aggregate stability affected by texture,

matter. Soil Science Society of America Journal,
1401—1406

[10]  Grogan P, Michelsen A, Ambus P,

et al. Freeze-thaw regime

effects on carbon and nitrogen dynamics in sub-arctic heath tun-

[11]

[12]

[13]

[14]

[15]

[17]

[18]

[19]

[20]

[21]

[22]

dra mesocosms.
641—654
KA . LR R H R g vk . dbat Al i p A, 1986
274—340. Guan S Y. Soil enzyme and its research methods (In
Chinese). Beijing: Agriculture Press, 1986 274—340

Gandp . R AR BT dE T T E RO B R
%1, 2000 156—159. Lu R K. Analytical methods for soil and

Soil Biology & Biochemistry, 2004, 36 (4):

agro-chemistry (In Chinese ). Beijing: China Agricultural Sci-
ence and Technology Press, 2000: 156—159

Rasion R J, Connell M J, Khanna P K. Methodology for studying
fluxes of soil mineral N in situ. Soil Biology & Biochemistry,
1987, 19(5) : 521—530

Deluca T H, Keeney D R, Mecarty G W. Effect of freeze-thaw
events on mineralization of soil nitrogen. Biology and Fertility of
Soils, 1992, 14(2): 116—120

Herrmann A, Witter E. Sources of C and N contributing to the
flush in mineralization upon freeze-thaw cycles in soils. Soil Biol-
ogy & Biochemistry, 2002, 34(10) : 1495—1505

EFE, KSR, A VRRELE G e 1 R R A BL ek 4
ARSI . ARSI EE SR, 2013, 22(7) : 1269—1274. Wang
Y, LiuJ S, Wang Q Y. The Effects of freeze-thaw processes on
soil aggregates and organic carbon (In Chinese). Ecology and
Environmental Sciences, 2013, 22(7) : 1269—1274

Campbell C A, Biederbeck V O. Influence of fluctuating temper-
atures and constant soil moistures on nitrogen changes in amended
and unamended loam. Canadian Journal of Soil Science, 1972,
52(3): 323—336

Henry H. Soil freeze-thaw cycle experiments: Trends, methodo-
logical weaknesses and suggested improvements. Soil Biology &
Biochemistry, 2007, 39(5): 977—986

Klemedtsson L, Svensson B, Rosswall T. Dinitrogen and nitrou-
so-xide produced by denitrification and nitrification in soil with
and without plants. 1987, 99. 303—319

Dalias P, Anderson J] M, Bottner P,

Plant and Soil ,
et al. Temperature respon-
ses of net nitrogen mineralization and nitrification in conifer forest
soils incubated under standard laboratory condition. Soil Biology
& Biochemistry, 2002, 34(5) . 691—701
EH, KEW, EET, & REE TS e AL 0 9 ¢
RUEFE . b HE 5 b B B RL 2%, 2007, 23 (2): 91—96.
Wang Y, LiuJ S, Wang G P, et al. Study on the effect of freez-
ing and thawing action to soil physical and chemical characteris-
tics ( In Chinese ) .
2007, 23(2): 91—96
TIBEE, SEILY], FER . 8T A G 48 1 T S0 AR bR 1 0
A A B CH S R UTRE R I A IR R . Az A5 FR3R , 2005, 14(4) :
483—487. Fang Y T, Mo J M, Zhou G Y. Response of soil

Geography and Geo-Information Science,

NO; -N dynamics to N additions in Dinghushan forests, assessed
by ion-exchange resin bag method (In Chinese).
2005, 14(4) . 483—487

Campbell J L, Ollinger S V, Flerchinger G N,

Ecology and En-
vironment ,
et al. Past and
projected future changes in snowpack and soil frost at the Hub-
USA. Hydro-

bard Brook Experimental Forest, New Hampshire,

logical Process, 2010, 24(17) . 2465—2480

http : //pedologica. issas. ac. cn



5 3] 5 PSR U R AS R X R b U B A T 1 5 e 1109

[24] Campbell J L, Mitchell M J, Groffman P M, et al. Winter in [27] JiiMe, st . LIEREMHERE W TR R . bR
northeastern North America:a critical period for ecological proces- Bl K22 . ARPBI MR, 2005, 33(6): 87—90. Wan Z
ses. Frontiers in Ecology and the Environment, 2005, 3(6): M, Wu J G. Study progress on factors affecting soil enzyme activ-
314—322 ity. Journal of Northwest Sci-Tech University of Agriculture and

[25]  Z=akil, mg s 4, KPR . RV T 6 R 45 5 B B ) e i 3 4 Forest; Natural Science Edition, 2005, 33(6) : 87—90
Wy sz . vk PR+, 2002, 24(2): 109—115. Li S X, Nan Z [28] R, w28, X5, 45 . T AR H 4 ek AN 5 R AE 9 X
T, Zhao L. Impact of freezing and thawing on energy exchange WS . AR5 AR FE ¥, 2006, 22(3): 57—60. Xu
between the system and environment. Journal of Glaciology and Q, Rui W Y, LiuJ L, et al. Spatial variability of coupling char-
Geocryology, 2002, 24(2) . 109—115 acteristics of soil carbon and nitrogen in farmland of China (In

[26] Wu FZ, Yang WQ, Zhang J, et al. Litter decomposition in two Chinese). Journal of Ecology and Rural Environment, 2006, 22

subalpine forests during the freeze-thaw season. Acta Oecologica,

(3): 57—60

2010, 36: 135—140

INFLUENCE OF FREEZING AND THAWING CYCLES ON NET NITROGEN
TRANSFORMATION AND ENZYME ACTIVITY IN BLACK SOILS

Li Yuan' Zhu Hui’
(1 School of Environment, Northeast Normal University, Changchun 130117, China)

Yuan Xing''

(2 Key Laboratory of Wetland Ecology and Environment, Northeast Institute of Geography and Agroecology, CAS, Changchun 130102, China)
Abstract The black soil area in China is typically characterized by freeze-thaw alternation, however, little is known
about impacts of the freeze-thaw cycles on N availability in black soil. An indoor bacth experiment was conducted to inves-
tigate effects of freeze-thaw cycles different in temperature range ( —25—5 C and - 10—5 “C ) on net nitrogen transfor-
mation and soil enzyme activity in black soil. Soil ammonium nitrogen and nitrate nitrogen content was determined with the
2 mol L™"(1:5 soil liquid ratio) KCI extraction method, and analyzed with the automatic chemical analyzer, Smartchem
200. Soil urease activity measured with the indophenol blue colorimetric method and soil invertase activity determined with
the 3,5-dinitrosalicylic acid assay method. Results show that the contents of ammonium nitrogen and nitrate nitrogen in-
creased gradually with frequency of the freezing and thawing alternation and varied with intensity of the cycle. In terms
content of ammonium nitrogen, the following order was observed: cycles moderate in intensity ( — 10—5 C) > cycles
high in intensity ( —25—5 °C) > control (5 C ), except for the first round of freeze-thaw cycle moderate in intensity.
However, freezing-thawing cycles did not have much influence on soil nitrate nitrogen. On the whole, freeze-thaw cycles
reduced soil nitrogen mineralization and nitrification rates, and the effect was obviously affected by the intensity of freezing
and thawing, but at the end of the experiment, the cycles displayed a tendency of promoting nitrification. As affected by
low temperature and the alternation, the activities of urease and invertase in the soil under the cycles moderate in intensity
were higher than that in the soil under the cycles high in intensity (except for the first cycle) , however, both were lower
than control. So the effect of soil freezing and thawing on black soils has an important influence on nitrogen transformation
and soil enzyme activity. Urease activity and soil nitrogen supply capability are significantly correlated. Besides, invertase
activity is affected by soil geochemical cycles through carbon source supply and temperature.

Key words Black soil; Freeze-thaw cycles; Ammonium nitrogen; Nitrate nitrogen; Nitrogen transformation rate;
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