t 1# (Soils), 2015, 47(4): 647-652

DOI: 10.13758/j.cnki.tr.2015.04.004

FELZ BN REFIERRE LSRR AIFIER”

1 2 1*
(1 N 110161; 2 s 110866)
( DIN DON
DTN) (MBN) (NNMR)
NO3-N NH;-N DIN
DON DTN NNMR MBN NO;-N NHI-N DIN DTN
NNMR MBN - - DON
S153.6
[16]
[1]
(2 36.3%
[17]
[3]
[4] [5] [6]
. 18
Herrmann  Witter!”! el
2~3
Groffman @
Henschel
NH,-N
Elliott "%
1
1.1
(1] (41°82'N
123°57'E)
(2] 0~15cm
[13]
2 mm 4C
[14] [15] [19] pH 5.91
(2014018) (41301253)
(20121145)
* (wentaosw@163.com)
(1979—) E-mail: juanyong_

001@sohu.com



648 47
23.5 g/kg 1.13 g/kg 0.86 g/kg NH;-N ( 12.10%)
24.09 g/kg 101.30 mg/kg 12.92 mg/kg NOs-N ( 4.86%)
148.47 mg/kg NO3-N  NH;-N (D
1.2 NO3;-N  NHj;-N
15% 10 31.40 mg/kg
10°C ( 4 ) 4.08 mg/kg 3046%  40.68%
10 2) DIN
DIN (1
1.2.1 100 g 2)
100 ml
o o 40
-15C 47T 6 B CK
2°C 5°C 1 @ —4°C~2°C
30 F B-4°C~5C
3 R B-15C~2C
2 B-15C~5C
on
1.2.2 100 g % 201
I
100 ml , 4
1 5 10 10
-2C 6 2°C 1
1 3 1 ]
P 0.05
1.3 [19] B N ) _
: 1 FREEMTIERAETIASENT N
(Dissolved total nitrogen, DTN) Fig. 1 Effect of freezing-thawing temperature on soil DIN content
- 407
(Dissolved inorganic nitrogen, DIN; + ) @ CK
2 mol/L KCI (AA3, b b ol
301 = i, 85
) (Microbial . i P al10
biomass nitrogen, MBN) -K,S0, %ﬁ E:ﬁ!
g 20 e
Hﬂ — Y
: S _ ) .
(Dissolved organic nitrogen, DON)= <1 —
DTN-DIN (Net nitrogen mineralization 10+ —
_ — b a a
rate, NNMR)=( DIN- DIN)/ — Eb%f‘rﬂgﬁi
] L ot |
1.4 0 NO;-N NH;-N
Excel 2000 SPSS 11.5 I N
, 2 FRRSE DIERR RN A S 2R RN
Duncan’s Fig. 2 Effect of freezing-thawing frequency on soil DIN content
+
NNMR 3
2 NNMR
2.1 (P 0.05) NNMR
DIN  NO;-N —4TC (-0.13 mg/(kg-d)) -15°C
DIN (P<0.05) NNMR 0.09 mg/(kg-d)
( 1 2) -15C NNMR
NO3;-N  NH;-N -4°C NNMR I 0.76 mg/(kg-d)

NO;-N  NHy-N

10 0.08 mg/(kg-d)



4 649
02r 1.001
_ 01} 075
=) =)
2 2
? 0 - . . ! EO 0.50
Ve —4C~2C 4C~5C A5C~2C -15C~5C 5
= R p=
% -0.1 E 0.25
—0.2 0.00; 3 : 5 .
RRAEL
3 RRMERRN LSRN HIEERNEIE
Fig. 3 Effect of freezing-thawing cycle on soil NNMR
2.2 —4°C
DON DTN
(P 005 ( 4 5) -15C ( 4
DIN DON DTN —4°C DIN DTN DON
5C DON 5 « 3
DIN
DON DTN ( 4
DON> DTN>DIN DON 5)
a
407 B CK aor BCK . P
0 -4C-2%C A5 ol =
B —4C~5C b bl o5 A=
30r 2pp 0-15C~2C ?C—ﬁ’;:_ 30T g 210 ? =
9 ? — 0 -15C~5C :”,-9’ = e % —rrs
& _.-*"'?J — _.-*"'?J S ? f =
520-/’@ = ﬁ = ﬁﬂ,zo— 5 =
iz — = —1
« AlE =% « B~
10-__,#":"1 — __,f":; E"‘.I": 10 ? —
E el |55 WERRN =2
Oﬁz: F%%Eﬁ =1 0 ,,Iﬁ"j —c
DIN DON DTN DIN DON DTN
4 FRUIREWTIERAMASENZN 5 RRUSIE LIERAMA S SN
Fig. 4 Effect of freezing-thawing temperature on Fig. 5 Effect of freezing-thawing frequency on
soil dissolved N content soil dissolved N content
2.3
MBN (P<0.05) (201
( 6 7) MBN DIN DIN
MBN ( 1 2) 10 NO3-N
1 MBN NH;-N 0.31 0.41
22.67% MBN
MBN 2
MBN ( 7
3
3.1 (22]

Freppaz *



47

650
121
5 8r
%n c
£
Z
m
> 4l
0 %O()
P
/b(:b \6

7

VR B2

6 ARUEENTIENENENERRENZIG
Fig. 6 Effect of freezing-thawing temperature on
soil MBN content

a ?
T R W

VRRITEL
7 FRSEMIRMEVMEYERSENTI

Fig. 7 Effect of freezing-thawing frequency on soil MBN content

NH;-N
Groffman ©®
NO3-N
Schimel  Clein ¥
(23] DON
DON
DON 5
DON Grogan 1%

DON
[25,27-28]
3.2
NNMR
-15°C NNMR 4C
[12]
NNMR
pH
[29]
NNMR
(301 Hentschel BU
NNMR
NNMR
3.3
MBN
[22]
Schimel  Clein®
Walker 3%
[33]
MBN
MBN
(P<0.05) [34]
1 MBN
[12]
MBN (P 0.05) S
-15C

MBN



651

NO;3-N

NH;-N DON DTN MBN NNMR

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

(10]

[11]

Henry H. Soil freeze-thaw cycle experiments: Trends,
methodological weaknesses and suggested improvements[J].
Soil Biology and Biochemistry, 2007, 39: 977-986
N,O [J1.
, 2013, 50(5): 1 0321 042
[J1.
,2012, 21(4): 620-623
[. , 2007, 23(2):
91-96

[J]. , 2011,
33(2): 442452

(1. )
2007, 18(10): 2 361-2 366
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: 1 495—
1505
Groffman PM, Driscoll CT, Fahey TJ, Hardy JP, Fitzhugh
RD, Tieney GL. Effects of mild winter freezing on soil
nitrogen and carbon dynamics in a northern hardwood
forest[J]. Biogeochemistry, 2001, 56: 191-213
Hentschel K, Borken W, Zuber T. Effects of soil frost on
nitrogen net mineralization, soil solution chemistry and
seepage losses in a temperate forest soil[J]. Global Change
Biology, 2009, 15: 825-836
Elliott AC, Hugh AL, Henry H. Freeze-thaw cycle
amplitude and freezing rate effects on extractable nitrogen
in a temperate old field soil[J]. Biology and Fertility of
Soils, 2009, 45: 469-476

s s

[M]. ,2002: 1-303

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Haei M, Rousk J, listedt U, Oquist M, Baath E, Laudon H.
Effects of soil frost on growth, composition and respiration
of the soil microbial decomposer community[J]. Soil Biology
and Biochemistry, 2011, 43: 2 069-2 077
Feng XJ, Nielsen LL, Simpson MJ. Responses of soil
organic matter and microorganisms to freeze-thaw cycles[J].
Soil Biology and Biochemistry, 2007, 39(8): 2 027-2 037
/
[J. ,2012, 23(3): 610-616
1. ,
2011, 30(4): 806-811
[J1.
, 2011, 17(1): 57-62
[J1.
,2011(6): 21-23

2013, 29(17): 87-95

, 2000
Judd KE, Likens GE, Buso DC, Bailey AS. Minimal
response in watershed nitrate export to severe soil frost
raises questions about nutrient dynamics in the Hubbard
Brook experimental forest[J]. Biogeochemistry, 2011, 106:
443-459
Deluca TH, Keeney DR, McCarty GW. Effect of freeze
thaw events on mineralization of soil nitrogen[J]. Biology
and Fertility of Soils, 1992, 14: 116-120
Zhou WM, Chen H, Zhou L, Lewis BJ, Ye YJ, Tian J, Li
GW, Dai LM. Effect of freezing-thawing on nitrogen
mineralization in vegetation soils of four landscape zones
of Changbai Mountain[J]. Annals of Forest Science, 2011,
68: 943-951
Freppaz M, Williams BL, Edwards AC, Scalenghe R,
Zanini E. Simulating soil freeze/thaw cycles typical of
winter alpine conditions: Implications for N and P
availability[J]. Applied Soil Ecology, 2007, 35: 247-255
Schimel JP, Clein JS. Microbial response to freezing and
thawing cycles in tundra and taiga soils[J]. Soil Biology
and Biochemistry, 1996, 28(8): 1 061-1 066
Wang L, Bettany R. Influence of freeze-thaw and flooding
on the loss of soluble organic carbon and carbon dioxide
from soil[J]. Journal of Environmental Quality, 1993, 22(4):
709-714
Grogan P, Michelsen A, Ambus P, Jonasson S. Freeze-thaw
regime effects on carbon and nitrogen dynamics in
subarctic heath tundra mesocosms[J]. Soil Biology and
Biochemistry, 2004, 36(4): 641-654
[J1. , 1995, 14(6):
469476



652

47

[28]

[29]

(30]

(31]

(1 Institute of Plant Nutrition and Environmental Resources, Liaoning Academy of Agricultural Sciences, Shenyang

s b

[]. , 2007, 38(6):

1 052-1 057
HT, Jaakkola MM,

Kaipainen S, Tuomainen J, Servomaa K, Martikainen PJ.

Koponen T, Keinanen-Toivola
Microbial communities, biomass, and activities in soils as
affected by freeze thaw cycles[J].
Biochemistry, 2006, 38: 1 861-1 871

Amador JA, Gorres JH, Savin MC. Role of soil water content

Soil Biology and

in the carbon and nitrogen dynamics of Lumbricus terrestris L.
burrow soil[J]. Applied Soil Ecology, 2005, 28(1): 15-22
Hentschel K, Borken W, Matzner E. Repeated freeze thaw

[32]

[33]

[34]

events affect leaching losses of nitrogen and dissolved
organic matter in a forest soil[J]. Journal of Plant Nutrition
and Soil Science, 2008, 171: 699-706

Walker VK, Palmer GR, Voordouw G. Freezing and
thawing tolerance and clues to the winter survival of a soil
community[J]. Applied and Environmental Microbiology,
2006, 72(13): 1 784-1 792

1. , 2009, 37(11): 5 054-5 057
1.
, 2013, 29(4): 106-111

Regulation Effects of Freezing-Thawing Cycle on Farmland
Brown Soil Nitrogen Transformation Process

JUAN Ying-hua', LIU Yan', TIAN Lu-lu®, SUN Wen-tao'"
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110161,
110866, China)

Abstract: With a laboratory simulation experiment, the responses of soil dissolved nitrogen (Dissolved inorganic nitrogen,

DIN; Dissolved organic nitrogen, DON; Dissolved total nitrogen, DTN) content, microbial biomass nitrogen (MBN) content and

net nitrogen mineralization rate (NNMR) to different freezing-thawing temperatures and freezing-thawing frequencies were

studied in a farmland brown soil. The results showed that freezing temperature and freezing-thawing frequency were the major

factors affecting N transformation process of farmland brown soil. With freezing temperature decreasing, NO3-N, NH,-N, DIN,

DON, DTN and NNMR all significantly increased, but MBN first decreased then increased. With freezing-thawing frequency

increasing, NO3-N, NH;-N, DIN and DTN all significantly increased being contrary to the changes of NNMR, and MBN showed

a trend of decrease-increase-decrease being contrary to the changes of DON. Therefore, it was preliminarily concluded that

freezing-thawing cycle significantly promoted N transformation of farmland brown soil during no growth season, and further

increased soil DIN content and soil N supply capacity.

Key words: Freezing-thawing cycle; Soil dissolved nitrogen; Microbial biomass nitrogen; Net nitrogen mineralization rate



