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Effects of freeze-thaw cycles on soil nitrogen loss and availability
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Abstract: Freeze-thaw cycles are key drivers of soil nitrogen ( N) cycling in cold ecosystems. Studies have shown that
freeze-thaw cycles can enhance N turnover and alleviate N-dimitation of plant growth due to the deficiency of soil-available
N. However loss of N is prevailing as a result of available N oversupply during freeze-thaw period. The extra available N
mainly losses occurring through N, O emission leaching and runoff. Here we summarized the observational and
experimental evidence to assess ( 1) the impact of freeze-thaw cycles on N loss ( 2) the environmental factors and
mechanisms influencing N,O emission during the process of freeze-thaw cycles (3) the relationships between N loss and N
availability ( N mineralization dissolved organic N and microbial biomass N) and (4) the shortcomings in current
research. We suggest that the main focus of research in the near future will be related to effects on N loss and availability of

freeze-thaw cycles for use in modeling soil microbial function mediators of N transformation and plant-soil interactions.

Key Words: freeze-thaw cycles; nitrogen cycling; nitrous oxide; nitrogen mineralization; microbial biomass nitrogen;

(20147X07201-009)
:2014-06-06; 12015-07-09
Corresponding author. E-mail: yangzl426@ 126.com

http: //www.ecologica.cn



1084

36

global climate change

[3 »

70% ; . 22.79%x10° km®
25% o 30 4.43x10° km*( 46.3%)
; . 2.15x10° km’ >
20 60 ! . . . ()
56
7
8
() o ( ) AY A)
(0—10 cm) ¢ ” 6 (180 ) ",
( NZO) 3
1 N,O-N
N,0.N,.NO NH, o N, NO
. NH, o
N,0N .
1.1 N,O0-N
N,O “«or 1 21 19
NZO NZO 11-12
NzO o
( ) N0
1—19 kg N/hm’ 50% BB Regina M .

(10 — 4 )N,0N 3.3—18.9 kg N/hm’ 53%—81%.
( Guelph) N N (3—4 ) N,ON 1.5—
4.3 kg N/hm’ 65% 5.7—7.4 kg N/hm® *
N,O-N . * (10 —

http: //www.ecologica.cn



4 1085
4 )N,0 0.3 kg/hm’ 63%; N,O 82 ug Nm>h'
N, 0N 0.2 kg N/hm* *' .
(12 — 3 )N,O0N 0.3—0.4 kg N/hm’ 11%—41% > .
N,0 2.5kg N hm™ 73% *°
. N, O N, O-N 20%—
30% * . N,O
N,0 .
1 N,O
Table 1 The effects of freeze-thaw cycles on soil N,O emission
(N,0) / /C /em
Ecosystem  Type of study Nitrous oxide Temperature ~ Number of cycle Cycle period Soil depth Latitude References
ST + =-5/15 2 la 10 N48° 13
Arable ST + 3 la 25 N60° 14
ST + -8/19 2 la 2.5 N44° 15
LT + -8/8 1 2.4 d 10 N51° 16
LT + -16/8 2 28 d 15 17
LT + -15/4 2 5.14d 20 N62° 18
LT+ST + 1 la 19
ST + -20/10 1 la 10 N37° 20
Grassland ST + -15/30 1 la 10 N43° 21
LT + -15/4 1 21d 19 N62° 22
LT + -20/20 1 4d 5 N51° 23
LT + -20/10 1 2d 35 N48° 24
LT + -15/25 1.5 2d 17 N68° 2
ST + -9/18 2 la 5 N43° 25
Forest ST + 3 la N48° 26
LT + -15/25 1 31d 0.,,0,~A N43° 27
LT + -4/25 1 89 d Al N56° 28
LT +.- -15/5 1 26 d 0;.0e+0a N43° 12
LT +.0 =5/10 2 4—12d 13 N52° 11
ST + -15/20 2 la 50 N47° 29
Wetland ST 1 la 10 S69° 30
+: N,O ;— N,O ;0: N,O o LT: Laboratory test; ST: situ test
N,ON o
N,0N 0.3—1.0 kg N/hm’ N,O0-N
0.01 kg N/hm* * o
1.2 N,0
( N AY ) NZO o
(<-10C) N,0 (-5—0<C) 7.
N,O N,O o Teepe  Ludwig "
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218
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Table 2 The effects of freeze-thaw cycles on soil nitrogen availability
Nitrogen availability y
Type of C Number .
Ecosystem . Dissolved Latitude ~ References
study Ammoniation Nitrification . ijt . 1.%0 YP Fixation Temperature  of cycles
mineralization organic nitrogen
LT + + + -20/5.25 1 N 42° 74
Arable LT + - -2.-5/5 20 N 60° 75
LT + + -10/5 7 N48° 71
LT + - + 0 -15/25 1.5 N68° 2
Grassland ST + + + +/0 - -10/4 1 N32° 83
ST - + + - -18/8 1 N41° 77
LT + + -/ + -20.-4/4 60 N32° 84
LT + - =5/5 3 N64° 53
Forest LT + - +/0 -13.-3/25 1 N43° 27
LT - 0 -4/2 18 N68° 80
ST 0 0 0 -13.-8.-3/5 1 N50° 55
LT + + -15/5 1 N43° 12
ST + 0 + + -10/7 1 N 58° 76
Wetland LT + 0 + + -25.-5/5 10 N47° 81
+: - 0: ; LT: ;ST
MBN DON
53 64
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