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Response of soil gross nitrogen mineralization processes to seasonal freeze-

thawing in the forests of Tianshan Mountain
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Abstract; Freeze-thawing affects the soil gross nitrogen ( N) mineralization in forest ecosystems, but is lack of the
quantitative characterization. The response mechanism of N mineralization rate and conversion to the freeze-thawing process
is not clear. In this paper, "N pool dilution technique with situ and indoor incubation methods was used to analyze the
dynamic process and accumulation of gross N mineralization during the freeze-thawing period ( from November 1, 2017 to
April 15, 2018) of three community types of soil in woodland, bushland, and grassland in Tianshan Mountain. We also
analyzed the relationship between soil gross N mineralization rate and soil temperature, moisture content and microbial
biomass N ( MBN) during freeze-thawing. The results showed that: (1) the gross N mineralization rate, net N
mineralization rate and MBN content have been affected by the freeze-thawing process and the community types significantly
(P<0.01). The gross N mineralization rate in autumn and spring freeze-thawing period was higher than that in the constant
frozen period. (2) The cumulative gross ammonification accumulation of woodland, bushland, and grassland communities in
the whole period was 163.9, 88.3, 103.4 kg N hm” a™'. The ratio of gross ammonification accumulation during freeze-

thawing period accounted for about 66% of that accumulated in the whole period. The gross nitrification was 55.4, 41.6 and

E&WH : EHRARPRETH (U1503187)
Wi B #A:2018-11-27; ) 45 i R B 81 : 2020- 04-09
# W IRAER Corresponding author.E-mail ; ecocsl@ 163.com

http ://www.ecologica.cn



12 4 MR 45 R ILARIX b 58 S 0 P 0 2 e i g i 3969

47.1 kg N hm® a™', and the ratio was about 77.4%. (3) The gross N mineralization rate, net N mineralization rate, and
MBN rate have been affected by soil temperature and moisture significantly. As soil temperature increased, gross
ammonification rate ( only woodland and bushland ) increased significantly ( P <0.05). When soil moisture content
increased, net ammonification rate ( bushland) , net nitrification rate ( bushland) decreased significantly ( P<0.05). By
revealing the soil gross nitrogen mineralization rate ( gross ammonification rate and gross nitrification rate ) and the
cumulative amount of conversion, the response to the freeze-thawing process can provide a theoretical basis for the

biogeochemical process of forest soil in Tianshan Mountain.

. . . . . 15 . . . .
Key Words: freeze-thawing; gross nitrogen mineralization; “N; microbial biomass nitrogen; spruce forest
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Fig.2 Dynamic changes in gross nitrification rate, gross ammonification rate, MBN content, temperature and moisture
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WBEZEF(P<0.05) , 3 HIRAMH R S 2B L B E R L, X Ty Ve I UL, 76 AH R i 3R [R) B
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Table 1 Contributions of seasons to gross and net N turnover in woodland, grassland and bushland

BEM B e e e
FEHBZEAY i Gross ammonification Gross nitrification Net ammonification Net nitrification
Sample type Period %fﬂ%/ ) % %‘éa‘,ﬁ/ ) % %’;Eﬁ/ ) % ;%ﬂ%%/ ) %
(kg N hm™2a™") (kg Nhm™2a™") (kg N hm™2a™") (kg N hm™2a™!)

Tr A AL Wood AFP 48.36+0.65 cA 29.5 31.63£1.72 aA 57.1 1.33+0.11 bA 38.1 1.21+0.26 bA 34.7
CFP 56.17+5.71 bA 34.3 12.52£0.93 bA 22.6 0.86+0.19 cA 24.6 0.9+0.39 cA 25.8
SFP 59.40+4.11 aA 36.2 11.28+0.44 cA 20.3 1.3+0.05 aA 37.3 1.38+0.29 aA 39.5
2017.11.01—2018.04.15 163.93+10.47 55.43+3.09 3.49+0.35 3.49+0.94

T\ Bush AFP 26.04+0.35 cB 29.5 23.73+1.29 aA 57.1 1.22£0.11 cA 34.5 1.07+0.27 cA 29.6
CFP 30.25+3.08 bB 34.3 9.39+0.69 bA 22.6 1.12+0.42 bA 31.6 1.17+0.44 bA 32.4
SFP 31.98+2.22 aB 36.2 8.46+0.33 cB 20.3 1.2+0.02 aA 33.9 1.37£0.37 aA 38.0
2017.11.01—2018.04.15 88.27+5.65 41.58+2.31 3.54+0.55 3.61+1.08

F b Grass AFP 30.51+0.41 cC 29.5 26.89+1.46 aB 57.1 0.87£0.29 cA 21.3 1.03£0.25 cA 26.8
CFP 35.43+3.60 bB 33.4 10.64+0.79 bA 22.6 1.03+0.37 bA 32.3 1.37+0.58 bA 35.6
SFP 37.47+2.60 aB 38.1 9.59+0.38 ¢B 20.3 1.29£0.07 aA 40.4 1.45£0.51 aA 37.7
2017.11.01—2018.04.15 103.41+6.61 47.12+2.63 3.19+0.73 3.85+1.34

AFP; BRI 17 d; CFP. URESH 54 d; SFP. WKARFEZRURRIY 32 d; 73 FC RN [a] I JO1 068 et ] B o LU A9 A [F) /NS S 2 U0 [ e S 26
B AR B2 A8 (P<0.05) s AIRIRS FRER 7R JU e A6 AT IR 00 A )RR s 2 B0 A B35 A8 4K (P <0.05) s 73 AN AR AL BT HR /RN Mean + SE
(n=3)

RER L VURRRI I L2 3 BlbE v 2Bk B ST A R v S AL 3 AT MBN 354 1 1838 (P <0.01) Y520

TETE SE RS DA L T A H8 AR Y A5 B (3 BB I ( P<0.01) , 5 fl 301 6 Bk v il A 256 LA A1 T AT 48 A A AT % b 2
(P<0.01) M (£ 2)

R2 FRORBEXANBEVUER SRV HLEZRNBENER S BN

Table 2 Effects of vegetation types and freeze-thaw process on gross mineralization rate, net mineralization rate and MBN content

BELER JSY i IAE S i f i i f Y& N &5
Ry p Gross ammonification/ Gross nitrification/ Net ammonification/ Net nitrification/ Microbial biomass nitrogen
Process ¥ (mg N kg™'d™h (mg N kg™'d™h (mg N kg™'d™") (mg Nkg™'d™) (MBN)/(mg N kg™")

F P F P F P F P F P
HgLhH CT

Eﬁ% n*’fﬂ 2 53.19 <0.01 10.11 <0.01 6.95 <0.01 0.43 <0.01 3069.77 <0.01
Community types
VR FP
it . 9 26.24 <0.01 142.32 <0.01 52.28 <0.01 43.94 >0.05 110.85 <0.01
Freeze-thaw period
CTXFP 18 <0.01 <0.01 34.78 <0.01 8.27 <0.01 22.98 <0.01

T LE K (n=3) ,MBN(n=3)

REAHCR S AR L% MBN 2% B35 I IE A S K R (P<0.01) , PP B a2 MLl 2 5 B
3 A 2 ) A — 8 BRI B S | [R)i E A A 57 MBN B3R SR 5 i A 2 5 e i Ak R v Ak 3
R G R R R E B IEMISESE 2R (P<0.01) , Horb i Ak 1 R g il A ok A SR /0N  TR] it Bl e ok
A2 MBN RS20, B AL R A MBN 14 2 AL R MBN B R S ARG OC R, Ho g & (ks % il MBN 5
) R A 2 AAH OGO R (P<0.01, % 3),
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Table 3 The correlation coefficient of gross mineralization rate, net mineralization rate and MBN content

AR S Ak R e Ak Vhi Al R . e A

At Mk mRALRE o WERRE s
Gross Gross Get ammonification Net nitrification
e T MBN content

ammonification rate nitrification rate rate rate

MEER .

Gross ammonification rate

‘l;‘_jl‘ WA S R

SAfLIRE 0.576"" 1

Gross nitrification rate

VG Al

Sl ~0.098 0.187** 1

Net ammonification rate

VRIS Ak %

Sk 0.392°" 0.292°* 0.016 1

Net nitrification rate

AEY A i MBN content 0.493** -0.088 -0.233** -0.122 1

# % 7E0.01 P ORI B REASE; » 7E 0.05 A (XU L2 #E A

2.4 THEREE KGRI AR AR

FEREA R ], S AL OB AR AR S I 5 R B AR DG OC R — S AL (HJ2: 3 I 7 25 7 A AH
KA S, BEE TR THE , S A ChRI AT ) 35180 (P<0.05) ;{5 MBN & #4015 +
SRR R IR S, 24 4 SR B T = s MBN (AR AT b ) 25 i 25 AR ( P<0.05, &1 3)

M KA BT R AR (L) AL R (N ) ARG AR (FE M) 1835 R (P<0.05)
S A R 8 S KR 2 A A e R (B 4)

3 e

31 VRE R R B A AR
311 RS A E R A

SR SRR RS ROV IR AR R RS OORMLERE ), S 3RS T M ML A M E S R R R TR
(3R B AR ORI U AR S 258 (AR R0 R s R R o A R AN R
HARA 3 (P<0.05, [ 3) , AREMYII G R L AR UREE I S wg (18] 2) o X — Wi A5 3 T JLIAE 775
ANy BT SR 200 S SIS A A 7 AR il RS AR S AT TR O T M S M TR /N RIS
Ak T 5 2R PO IR RO , AR A T SRR fh s SR A, AT A i T 1 0 R f i )
(K 2), X HRE B EE 2R ml i S e i FLE A A 5 Ty —F A B (3R 1), 55 R 4 A
UL DTS RARAT ) 3 — 0 R R B AN S KA BT BT U W IR R, 3 AR i
PR T B

FYIMITTE R B, TR AR TR AR B AR B R T R AR B B R T, B A
R F N (P<0.01) . 7R MR EIIR T o G Z AL SO A N, B A AL BRSO T A , it 8 2 Al R
R T AR AR S R G D WG R IR I, R LA S
F AT R, RS A A  RR AM  DRLIR VAR O 1 U A R L RS O e, SRR
5 B AL A B IEMOCC R i B (R 5 &1 2.47 5 (£ 1, & 2), HiX5 Holst FEHYHF
G AT B LR 1 3 B T WL (R 10 ) 9 BB A A T, L B P T, T S i A 1
AR5 N,0 SRR HIA G, SBOR R R L USRS Al Bty S R
312 REEAE T S AN AR G A R B OC R

ARFFEIE % L S EW AR L R B R R, AL R 83.29 kg N hm® a™' AT L 2
BUED 3.53 kg N hm® a™'  HE G 19 23.59 f5 (K 1) o XSGR G HTAB O, RS 16 S A
AL RBUR M LLEZ R 23 544, YRR L3/ INEL T ML R 14 77 A 0 [ 5 e e R, A% R 3
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Fig.3 Effects of daily mean soil temperature on gross N mineralization rate, net N mineralization rate and microbial biomass N content
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Fig.4 Effects of daily mean soil moisture on gross N mineralization rate, net N mineralization rate and microbial biomass N content
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