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Dynamic response of soil nitrogen to freeze-thaw processes in different cenotypes

in the forests of the Tianshan Mountains
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Abstract; Seasonal freeze-thaw regimes are the main factors influencing nitrogen ( N) transformations in the temperate
forests of northern China and are one of the key processes in the soil N cycle. However, the response to freeze-thaw cycles in
different cenotypes is unclear. In this study, we conducted experiments to understand the effect of soil freeze-thawing on N
transformations in soils (0—15 cm) from different cenotypes ( woodland, grassland, and shrubs) in the forests of the
Tianshan Mountains by simulating extreme soil freeze-thawing in different natural snow covers formed by canopy shading.
The results showed that the content of ammonium nitrogen, NH;-N, and microbial biomass nitrogen ( MBN) in the soil of
the different cenotypes was positively correlated with soil temperature (at a depth of 5 cm) , whereas the content of NH,-N
in forest soil was lower than that in the other communities in the deep-freezing period. The content of nitrate nitrogen, NO;-
N, was higher in forest soil than in the other community types. NO;-N was the major form of soil mineral N during the

seasonal freeze—thaw period in the forests of the Tianshan Mountains; it accounted for 78.4% of soil mineral N. NO;-N
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content decreased by 64.6% from the early-thawing to late-thawing period in shrub soil, indicating a high risk of soil NO;-N
loss. The N mineralization rate was significantly affected by the freeze-thaw period, and the cenotypes significantly
influenced the ammonification rate. The main process involving soil N in the forests of the Tianshan Mountains during the
freezing period was N immobilization. Investigating the response of soil N to freeze-thaw patterns in different communities

would help us understand the soil N cycle in the northern forest regions.
Key Words: freeze-thaw; NH,-N; NO;-N; net nitrogen mineralization; nitrogen immobilization
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Table 1 Site descriptions and floral species in the studied communities
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Table 2 Freezing and thawing environment of different vegetation types
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Fig.1 Dynamics of soil temperature at the different vegetation types treatment during the freeze-thaw transition
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Fig.2 Dynamics of snow depth at the different vegetation types

treatment during the freeze-thaw transition
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Fig.3 Soil ammonia nitrogen content in different vegetation Fig.4 Dynamic change of soil nitrate nitrogen in different
types during seasonal freezing and thawing vegetation types during seasonal freezing and thawing

KE FHE R R AR RIS 7 [R]— Y % 22 5 i 1 (P<0.05)
INE TR R R [R]— 2SRRI AR [R] e T ) 22 5 B 35 M (P<0.05)

FEFEANURRRINIUY, AN [ R v SR 2L 1) S P R — 4000

FEHIRE B S W S, RFRRES LR G 0o
A R BRI R BRI TR, 32
RS R BE I (56,4948 me/ke) . 25 ooy
MRV A T AL 1 T Al EA s £2 1500
RRTARR I A IR T 1.55,1.43 1,92 £ bR i/t : 00
YU & IR T ORI BRI S R 3

P T HABREE A R A A S R (266.5 mg/
ke) FEAE K B0 = THEAHZEDI A (261.4 mg/ke) i, MBS SHHsRBERARMELNTEHEENERSEDE
E%/I\Y/{Eﬁm Hj‘ﬁ)ﬁ , K[ﬁ]ﬁ%;’gﬂﬂg i%ﬁ@"ﬂgﬁ/}ﬁ Fig.5 dynamics of soil microbial biomass N content in different
T ad 50, UL 6. TRV il fb A S0 5 (% T L vegetation types during seasonal freezing and thawing
Tl T R S Ao B, HAR
W i B i T LA YA 2T b L o A AL S AR K AL IR T AR
VEISTY AR 2 VR i ) R L PR DX | el VB N B SR (NHG-N) B s 0 o & B 430l 23.7%
22.2% 18.8% , TRFE AR IS Z (NO;-N) & e B A& i b a3 5k 76.3% ,77.8% 81.2% , i A A (NO; -
N) 2R LA AR AR R AR 0 BT A 1A,
2.3 URRIE RN RS 5T F 22 7
ANV A+ 3R A B S5O ], (R AN TR) e 10034 R0 Al e 22 SR K, DL IR 7, TR VR 0T &=
RN R H R R IE (R (18.84—27.54 mg m d7') , AL 4] 30 28 Al AL R B4R, 8 (- 17.59—-43.98 mg m
A7) o H RS Ak TR VR B LTI E 16.43—29.13 mg m A, AL A A K ZE 5k 3.08—12.73 mg m
AP BY B T AR . FETRTR I ZE A AR R A R R IE M, EL7E Rl R B 2 A K R R
FIVE SRR SRS HIE T 18.10% ,63.06% ., VRl I S AR R0 fb ik 3850 e B 25 ) AEVR S A X 44
A TR ) 2 R AR A 2R 1 22 AR I A R R A R I 3

3 WiREHSR

3.1 B PERRLE A R R TR E IR SRR
DATEWSE R WIE Z 1 PEVR Al P b T3 RS E B VRS R BE | R Ml IR 2 B R AT 062 B

http ; //www.ecologica.cn



6 S % 39 &

25.00 [
Aa B SR
AR
Fie]
B 2000 | O RHIESK Ab
< = HAMER B [ AC
: - % Adb
= Ba [ m mi
= s o
w5 1500 FBb % Ba 1o a2
J@Z g === ﬁ Abc Aa o
= 8 = B Ad 2
= £ 10.00 - @ Ac Ad F o
= 1= Ab 3 % o A
1P = = =
S 500 : % ' ﬁ S % A
154 &= & = '
B4 . u S A
2 Cn
0

EFP DFP ETP LTP GS

E 6 AEFRAETIERERS

Fig.6 Soil nitrogen forms at different freezing and thawing stages
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Fig.7 Rate of nitrogen mineralization during different periods of seasonal freezing and thawing
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Table 3 Effects of vegetation types and freezing and thawing stages on Nitrogen Forms

RN K 3 H NH;-N NO3-N Microbial biomass nitrogen Mineral nitrogen
Impact factor df
F P F P F P F P
CT 2 12.41 < 0.01 4.86 0.02 10.42 < 0.01 10.42 0.01
FT 3 37.24 < 0.01 38.63 < 0.01 57.13 < 0.01 57.13 0.03
CTXFT 6 9.75 < 0.01 3.25 0.14 3.36 < 0.15 3.36 0.04

CT. BFVEIEH, Community type; FT. URFAIS I, Freeze-thaw stage

®4 BESNERENTREIRSHRNERFTESN

Table 4 Tow-way ANOVA for soil nitrogen forms to temperature and snow depth

EACEES BAEHA AR e MR TRA
Impact factor NH}-N NO3-N Microbial biomass nitrogen Mineral nitrogen
T < 0.01 < 0.01 < 0.01 < 0.01
SD < 0.01 0.27 < 0.01 0.56
SDXT < 0.01 0.90 0.14 0.91

TR, Temperature; SD: FIZEEE | Snow Depth
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Table 5 Effects of vegetation types on soil nitrogen mineralization rate during freezing and thawing stage

- A B W T
ALIRES A Ammonification rate Nitrification rate Mineralization rate
Impact factor df

a P F P F P
CT 2 5.24 < 0.01 4.86 0.01 10.42 < 0.01
FT 3 20.15 < 0.01 38.63 0.05 57.13 0.55
CTXFT 6 6.99 < 0.01 3.25 0.48 3.36 < 0.01

CT. BFV5JEH Community type; FT. ZRFEITIY Freeze-thaw stage

T34, BEVR AT AR LA (R 7R S A X S Ak B 32 5 M A B 35 ( P<0.01) |, ZEW) VAR ) 28 VR VR I D 26 = A2 b
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33 4
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BB T T AR OA R 1 e (R XSS I AT LA T5 2t — 2D Y .t TS AR ALK T b i /2
T G R MG RIS il K Rk ORE 4 R ORIl b3 /K K 5 45 Ty T i B I oG 1
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