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Fig. 1

Variations of soil temperature in shallow and deep layers of three permafrost peatlands during the autumn

freeze-thaw period(XY : Calamagrostis angustifolia peatland; XA : Larix gmelina-Sphagnum peatland ;

BM: Eriophorum vaginatum peatland )
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Fig.2 Variations of soil moisture content in shallow and deep layers of three permafrost peatlands during the autumn

freeze-thaw period(XY : Calamagrostis angustifolia peatland; XA : Larix gmelina-Sphagnum peatland ;
BM: Eriophorum vaginatum peatland )
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Fig. 3 Variations of soil NH,"-N content in shallow and deep layers of three permafrost peatlands during
the autumn freeze-thaw period in 2019(XY : Calamagrostis angustifolia peatland;

XA Larix gmelina-Sphagnum peatland; BM: Eriophorum vaginatum peatland )
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Fig. 4 Variations of soil NO,-N content in shallow and deep layers of three permafrost peatlands during
the autumn freeze-thaw period in 2019(XY : Calamagrostis angustifolia peatland;
XA Larix gmelina-Sphagnum peatland; BM: Eriophorum vaginatum peatland )
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Table 1 Multiple linear stepwise regression analysis of soil temperature , moisture content and inorganic nitrogen
concentrations in different peatland types during the whole autumn freeze-thaw period in 2019
THLA A Te s A Ay ER7S a b R’ P
2 NH,-N HBFEHFHER 10~20 cm Z 7Kt 2.822 0. 167 0. 301 <0.01
WZNH,'-N HEFEW &R 20~30 cm /K i 2.792 0. 184 0. 194 <0.05
IR NH,-N BT & 10~20 cm %5 7K &t 2.538 0.177 0.344 <0.01
%) NO,-N MR RS- E e i 10~20 cm & /K 5 2.119 —0. 041 0.170 <0.05
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Table 2 Multiple linear stepwise regression analysis of soil temperature,, water content and inorganic nitrogen concentrations in

different peatland types during the prophase of autumn freeze-thaw period in 2019

THLAZEA! T s 7 ER7 a b R P

%) NH,-N /NI 0 cm iR 5.094 2.268 0.505 <0.05
HJZNH,-N DL TR S B 5 em kB 1.570 3.632 0. 685 <0.05
%) NH,-N EEEE SRy 40~50 cm K2 0.271 0.216 0.520 <0.01
BEIRNH,-N AN 0 cm IR 5.095 2.198 0. 664 <0. 05
%) NO,-N M TE MRS UE i 0 cm iR 1.287 -0.168 0.503 <0.05
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Table 3 Multiple linear stepwise regression analysis of soil temperature , water content and inorganic nitrogen concentrations

in different peatland types during the metaphase of autumn freeze-thaw period in 2019

TR T 7 Hh 27 RPN a b R P

%JZNH,-N [EESETZ a3 15 cm EJE 17. 046 -12.563 0. 641 <0.05
RZNH,-N HEFEHFH 50 cm i B 14.582 -8.475 0.745 <0.01
#)ZNO, N DL TR S B 0~10 cm F /KR 1.867 -0.024 0.594 <0.05
HBIRNO,-N N 0 cm L& 1.919 -4.336 0. 650 <0.05
#EANO,-N HEEHFER 0~10 cm F /K%K 0.010 0.016 0.553 <0.05

TE: AAERIAT RN y=a+ba; BRI N ES - HETOHL A B R Y 1al T J5 7

K4 2019 R URR R /N e e E LR 5 JEAIL S ) 220 g A [l A 2

Table 4 Multiple linear stepwise regression analysis of soil temperature and inorganic nitrogen concentrations in

the XY peatland during the anaphase of autumn freeze-thaw period in 2019

FEHLE T e e A IR a b R P
#IRNH,-N /NI EE 10 cm I 7.590 1. 895 0. 691 <0.05
%) NO,-N NG 15 cm & -1.451 3.516 0.589 <0.05

T AAEBIAT N y=a+by; TEZ TRV AL IH 347 {5 /N T8 Y 5 M) OB 5 a2 AN 1 B -5 ST TR AL SRR F A 8L i ]

5
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Table 5 Comparisons of inorganic nitrogen changes under controlled hydrothermal conditions
A X SR .
S B 2 S T E A Gk NH,"N NO,-N
By FR ¢ ’
g, 4N Lr 00 O RIS ki (d0%) R 140
Kl X R ’ 7.11.15.22 .28 36 1% R - )
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127°E, 42°N"" LT KRR 1 60% B Hm
9.14.21,28 351K
JA] ER AR R A -5C.-20 C— 5C, 12h/0. . \
wk o 123°E, 41°N'™ LT s Ep e B LN X
A 1.5.10.20.30 %K
- . F RN AR )
KNG 87°E, 43°NPY ST 0TI LE—0CUTF, 303 Ji A K A o Hm
oy S e AN
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1.2.4.91%

TE: LT EABEHRR; ST: BFAMNRARE.

YEH B A SRR 22 5% 0

2B A4 AT 2 (3% 2~4) | 7EAS [R] R By
B, TOHL RN BT A iy o 1 B2 B AR 25 5 0 TE
AT IR, BM )2 (10~20 ecm) 5 /K 5 X TG
BLAS 3 152 2 B i K (R°=0. 301) , iIXJ2 T ik
JZ - HES K B TR ) ) S A AR
Yy R SR T RAR B T A T A SR ER A
T X TCAL U A = AR s i) o 3l A Sk TE AL TR
JE % e o7 AR KT KR (ER BMFE b AR
Tk 25 5 il st 30, 9 A AR R AR AL T AR K S HLAR
PR B A/ IN 5 1 B8 A b 5 KXo 3 A s
A RAE R, 13X 588 08 7R A 58 BKOR VR BT R 5
A Ly b DX TE AL 2L 52 M 45 SR AR L, RPTEHL RO 37K
0 R B OR T IRE . AERK R URELET PR S
W1, 3 Fh Z AR VR 1 U R b % )2 (0~20 cm) T3 1 355
5 TCHL AR iR O, b ik )2 4 B8R X TCHL
B BTk R i K (RP=0. 685) , 1% - 552 i )
A K ZRIE S A A S T 3 2o AR s AR )
it 122 S A A TR T 200 BT 1 3 R 5 ) SR 1 e fi
FIEHLA P RERC o IR W] - HEFR 45 14 T 1k
A )Xo B R AR FE A AR K 25 7 AR R R R
ZARA AR IR W R AR A 2 I, XA A AE R ZE VR
Ul T A0 - S X TE AL RS AT BTk (R°=0. 685) ,
FERETRME IR LR X RS h R

ARG T T 980 I e 9 1L ) X 5% % B0 10T 1Y
VR A 0] DL 3 R - e b 1 R Ak RS
AL 150 IR -5 R 300 R Tl A L Jes 300 T B AR fb 25 3R
- 558 P SR 45 g DA T 5 i 2 ST A R R e, — 3
TEY R T e B AW IBUE T A W R 3547
TR 2E T s A= 4 0 5 e S i+ R A
B A BT R I, S R Rl 1 S R AR A 5%
i 70, A RO 2 X Y R R A AR IR RO, DA
MM R AR B3 . B VR Al LR R A8
PR 7~ By o) o7 R P A7 AE LB 25 SR R IR AT e LA
VU7 1 56— A M T — o R S L, b B (IR [
W T EIESOKE AR EES . B, 2R
R 52, = e 5 A ) 9 2 0 R A A 25 57
I AT = 5REYA LA
[v] U8 75 0 53 fd 19 7 B AN [R] 25 5% i) - A A3
JE S 3 Rl i b A R G 28 TR LR BE A pH
(EAE Y P A AR 22 51 BRI LEA
TR T AR TR Y8 %  a] LA K 5 Rl AN [ e300 1] G AL
SR T I R 5 7 ) 1 R A R TR

FEREA KR A, 0 B VR A B — Ty T 2
AR 39 B AL S e 0T R AR B RE T, R
] 72 19 NH,-N', 55— 7 T 2 o A st -
JCH AR T B, R AR AR R T 3R
kit THEAE K LA b, AusEd,



2 4

PR T A« KOG ZEWe Z0 AT U5 4 Y8 5 M T ML SR Bl 28 X0 Bk 2 il 4 o 395

XY % )2 1 HENH, -N 7ERK B a0 Hh B 2 5
TR, T RE S B A FERK 2R R o) 0t M R B P
(Hop )2 58 R BE X NH-N STk e e & 0
66. 4% ) ZE Ak fd KT 7 AN VI ie 206 1% o 4 398 e 4k
[ 22 NH,"-N B R 3T 5 35087 i) I e, B R VRl s 1
- RO o S R o A LR R 3 K NH,-N
1) [ HF RE 1 AR I AS I bk s s/ . XA R 7R
BEERAL A, — 7 TR 2 PR35 R X NO,-N BTk
H'59. 4% HAFAE 3 M 56 E & (P<0. 05) I fff
RIZNO-NEFEIFE BT, 5y —Jr it T s+
JZ3E H BB M2 S % NO, N W IE M 20
BT

5 #ig

AW 5T DA D4 % W = b 224 Uk = U1 o i kg
FEXF G, 0 A BE AN R SEES 43 A B T Rk R R Al
I AU 3 22 4 0 U8 i M R 2 AR 2 - 5 0L
R 2 AR RRAE 7R )2 AR )2 385 K R
HASAL A, S T R A &S R
FroK R Y 2 TR AL RIARR . EZZEE T .

(1) K22 247V A U8 e b 7 Bk 3 s i 0] v
TCHLA & &8 LA NH,-N O 3, 2 1 58 NH,-N #il
NO,-N & & W T2 s B R Rl 5 10 NH,-N A
NO,-N & it W i i T AR IR AT ] ; 42 1K - BM A
H A9 NH,-N & 5 5 i, XY FE LAY NO-N & it
T o

(2) 55 300 R il A8 T 25 5 3% i JE ML L7 5 XA
I BM ZERK 2 R gl pr i A ), THL A S i B %
FIIE R (P<0. 05) o 3R R M ICHL A & X+
SPETIRL RN 5 K g ) O R AN [ 5 7R 2 R T AL A
B i X R 2 - K RS A iy R K

) ARWFFEHRVT TS 2405k
o M TEALR I 28 53 A A2 A, A B T T e 4 3R AR
W 25T rhiss 2 B WL AUV AR R, AT i — 20y
Tk 2B 5 3 9IR 2 AR JIORT 4 TR A 15 ) 7 ) AF 5%
PSRRI

2 2% 3k (References) :

[1] Qin Dahe. Glossary of cryospheric science[ M]. 2nd ed. Beijing:
China Meteorological Press, 2016. [ Z& KA. Kz Bl Bl 22
[M]. 2. dbst: KGR HMEE, 2016. ]

[2] Sun Guangyou. Discussion on the symbiotic mechanisms of
swamp with permafrost: taking Da-Xiao Hinggan Mountains as
examples [J]. Journal of Glaciology and Geocryology, 2000,
22(4): 309-316. [#h A . BUBTHE SR LM ILAL—o
LAvp R /N 220 s X O il [0 ], ok IR £, 2000, 22(4)

(3]

[10]

(11]

[12]

[13]

[14]

309-316. ]

Hu Xingyun, Sun Zhigao. Effects of temperature and nitrogen
input on nitrogen mineralization of soils in the newly created
marshes of the Yellow River estuary [J]. Acta Ecologica Sini-
ca, 2020, 40(24): 8882-8891. [ WA =, Fhiki . #1168
T Y b 0 3 R AR O X 3 BE R U AR A R (] A A
#2, 2020, 40(24): 8382-8891. |

Harden J W, Koven C D, Ping C L, et al. Field information
links permafrost carbon to physical vulnerabilities of thawing
[J]. Geophysical Research Letters, 2012, 39(15).

Jin Huijun, Yu Shaopeng, Lii Lanzhi, et al. Preliminary as-
sessment of permafrost degradation and its trend in the Great
and Small Xing’ an Mountains[J]. Journal of Glaciology and
Geocryology, 2006, 28(4): 467-476. [ 4437, F/0M, B2
28 RN ZARR TR M OSSR [T vk
JINZEA, 2006, 28(4) : 467-476. ]

Marushchak M E, Pitkdméki A, Koponen H, et al. Hot spots
for nitrous oxide emissions found in different types of perma-
frost peatlands [J]. Global Change Biology, 2011, 17 (8) :
2601-2614.

Wang Lianfeng, Cai Yanjiang, Xie Hongtu. Relationships of
soil physical and microbial properties with nitrous oxide emis-
sion under effects of freezing-thawing cycles[J]. Chinese Jour-
nal of Applied Ecology, 2007, 18(10): 2361-2366. [ L&,
HAEVL, AR . ORmAE T SR R AR A S
SRR O R [T]. B A A 4R, 2007, 18(10) -
2361-2366. ]

Cai Yanjiang, Wang Xiaodan, Ding Weixin, et al. Effects of
freeze-thaw on soil nitrogen transformation and n,o emission: a
review[J]. Acta Pedologica Sinica, 2013, 50(5): 1032-1042.
[FRAEVL, F/APF, THERT, 55 URmlon LR REEALAIN,O
HEHCI 52 BT S R (1], - E2E 4, 2013, 50(5) : 1032-
1042. ]

Zhao Haipeng, Lii Mingxia, Wang Yibo, et al. Spatiotemporal
variation characteristics of soil water content and temperature
within active layer at slope scale in the Fenghuoshan Basin, Ti-
betan Plateau [J]. Journal of Glaciology and Geocryology,
2020, 42(4): 1158-1168. [N, BWIfk, £—M, 4. F
38 25 A IR L L AR v PR JE T 3 2% e MK A S AR A AR
(31 vk, 2020, 42(4): 1158-1168. ]

Dai Licong, Ke Xun, Zhang Fawei, et al. Characteristics of
hydro-thermal coupling during soil freezing-thawing process in
seasonally frozen soil regions on the Tibetan Plateau[J]. Jour-
nal of Glaciology and Geocryology, 2020, 42(2) : 390-398.
[HARTE, Fi, sKikfh, 5. 790 19 Uk o IX v
KPR AR ] WK 1, 2020, 42(2): 390-398. ]
van Bochove E, Prévost D, Pelletier F. Effects of freeze-thaw
and soil structure on nitrous oxide produced in a clay soil [r].
Soil Science Society of America Journal, 2000, 64(5): 1638-
1643.

Gilliam F S, Cook A, Lyter S. Effects of experimental freezing
on soil nitrogen dynamics in soils from a net nitrification gradi-
ent in a nitrogen-saturated hardwood forest ecosystem[J]. Ca-
nadian Journal of Forest Research, 2010, 40(3): 436-444.
Sulkava P, Huhta V. Effects of hard frost and freeze-thaw cy-
cles on decomposer communities and N mineralisation in boreal
forest soil[J]. Applied Soil Ecology, 2003, 22(3): 225-239.
Ludwig B, Teepe R, de Gerenyu V L, et al. CO, and N,O
emissions from gleyic soils in the Russian tundra and a German
forest during freeze-thaw periods: a microcosm study [J]. Soil
Biology and Biochemistry, 2006, 38(12): 3516-3519.



396

K N

+ 44 &

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Schimel J P, Bilbrough C, Welker J M. Increased snow depth
affects microbial activity and nitrogen mineralization in two
Arctic tundra communities[J]. Soil Biology and Biochemistry,
2004, 36(2): 217-227.

An Meiling, Zhang Bo, Sun Liwei, et al. Quantitative analysis
of dynamic change of land use and its influencing factors in up-
per reaches of the Heihe River[J]. Journal of Glaciology and
Geocryology, 2013, 35(2): 355-363. [ %, k&, Ih N
i, A SR ] S A A B R IR 3R A S A
[T]. vK)IRA, 2013, 35(2): 355-363. ]

Chen Lei, Chang Shunli, Zhang Yutao, et al. Response of soil
gross nitrogen mineralization processes to seasonal freeze-thaw-
ing in the forests of Tianshan Mountain[J]. Acta Ecologica Si-
nica, 2020, 40(12) : 3968-3978. [ B &, 5 MWiAI, 5K 6%,
S5 R M S ™ e Rl 25 5 PR e vz [ ). 2
i, 2020, 40(12) : 3968-3978.

Li Guicai, Han Xingguo, Huang Jianhui, et al. A review of af-
fecting factors of soil nitrogen mineralization in forest ecosys-
tems [J]. Acta Ecologica Sinica, 2001, 21(7) : 1187-1195.
[(ZE5E, #h¢lE, B, 5. B ESRELIEAD L
WA R WP (3], AR A4, 2001, 21(7): 1187-1195. ]
Plymale A E, Boerner R EJ, Logan T J. Relative nitrogen min-
eralization and nitrification in soils of two contrasting hardwood
forests: Effects of site microclimate and initial soil chemistry
[J]. Forest Ecology and Management, 1987, 21(1/2): 21-36.
Wang Guangjun, Tian Dalun, Zhu Fan, et al. Net nitrogen
mineralization in soils under four forest communities in Hunan
Province [J]. Acta Ecologica Sinica, 2009, 29 (3) : 1607-
1615, [FOL7%E, A, RIL, % . HIME 4 FhAR MR L
R M fefERI[I ], EA2AE, 2009, 29(3): 1607-1615. ]
Xiao Haoyan, Liu Bao, Yu Zaipeng, et al. Seasonal dynamics
of soil mineral nitrogen pools and nitrogen mineralization rate in
different forests in subtropical China [J]. Chinese Journal of
Applied Ecology, 2017, 28(3): 730-738. [ 4/, X%, &
IS, S SRS R BR O  JET B UR S R R A
W] MHAESAR, 2017, 28(3) - 730-738. ]

Yu Xingxiu, Xu Miaomiao, Zhao Jinhui, et al. Nitrogen min-
eralization rate in different soil layers and its influence factors
under plastic film mulched in Danjiangkou Reservoir area, Chi-
na[J]. Chinese Journal of Applied Ecology, 2018, 29 (4) :
1259-1265. [ T4, fRidi, AL, &5, PHL O EX AR
THEAT LR AR E R L R R (T]. RS
iz, 2018, 29(4): 1259-1265. ]

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(10): 1495-1505.

Gui Huiying, Li Xuejiang, Wang Jingyan, et al. Effects of
temperature and moisture on soil nitrogen mineralization of
Phyllostachys heterocycla plantation in the rainy area of West-
ern China [J]. Journal of Sichuan Agricultural University,
2018, 36(6): 758-764. [HEEA, T, Eit, . Y
FIK 3 X AL P TS X B AT AR L e /™ e i s (I ). pa i
K2, 2018, 36(6): 758-764. ]

Niklinska M, Maryanski M, Laskowski R. Effect of tempera-
ture on humus respiration rate and nitrogen mineralization: im-
plications for global climate change [J].
1999, 44(3): 239-257.

Toczydlowski A J Z, Slesak R A, Kolka R K, et al. Effect of
simulated emerald ash borer infestation on nitrogen cycling in

Biogeochemistry,

black ash (Fraxinus nigra) wetlands in northern Minnesota,

USA [J]. Forest Ecology and Management, 2020, 458:

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

117769.

Zhang Nanyi, Guo Rui, Song Piao, et al. Effects of warming
and nitrogen deposition on the coupling mechanism between
soil nitrogen and phosphorus in Songnen Meadow Steppe,
northeastern China[J]. Soil Biology and Biochemistry, 2013,
65: 96-104.

Dridi I, Gueddari M. Field and laboratory study of nitrogen
mineralization dynamics in four Tunisian soils [J]. Journal of
African Earth Sciences, 2019, 154: 101-110.

Girsang S S, Correa T Q, Quilty J R, et al. Soil aeration and
relationship to inorganic nitrogen during aerobic cultivation of
irrigated rice on a consolidated land parcel[J]. Soil and Tillage
Research, 2020, 202: 104647.

Lin Xiaodan, Yu Shen, Yang Dawen, et al. Discriminating
surface soil inorganic nitrogen cycling under various land uses
in a watershed with simulations of energy balanced temperature
and slope introduced moisture [J]. Journal of Hydrology,
2020, 587: 124950.

Hu Zhonghao, Chang Shunli, Zhang Yutao, et al. Dynamic re-
sponse of soil nitrogen to freeze-thaw processes in different
cenotypes in the forests of the Tianshan Mountains [J]. Acta
Ecologica Sinica, 2019, 39(2): 571-579. [#ffZ, #IRA,
SRR, S5 R [R] 28 B 7 L R 30 v i i R A
BHAWR[T]. A A, 2019, 39(2): 571-579. ]

Shi Wei, Wang Jingyan, Wei Youbo, et al. Effects of mois-
ture and temperature on soil nitrogen mineralization of Crypto-
meria fortunei plantations in rainy area of Western China [J].
Chinese Journal of Soil Science, 2014, 45(6): 1430-1436. [ f1
B, FEome, BAUE, B KA B XHIARZ T
M BRI R [J]. L, 2014, 45(6) : 1430-
1436. ]

Sun Hui, Qin Jihong, Wu Yang. Freeze-thaw cycles and their
impacts on ecological process: a review [T]. Soils, 2008, 40
(4):505-509. [I0iE, Z2edilh, A% . T MEVRmlaC B AR AL
REFFEEE[T]. +4E, 2008, 40(4): 505-509. ]

Zhao Yuan, Zhou Wangming, Wang Shoule, et al. Effects of
freezing-thawing on soil carbon and nitrogen mineralization in
temperate forest ecosystems [J]. Chinese Journal of Ecology,
2017, 36(6): 1548-1554. [ B4, JAREW], E5yAk, 45, Rl
XA AR AR L B A R B (], S AR
2017, 36(6): 1548-1554. ]

Juan Yinghua, Liu Yan, Tian Lulu, et al. Regulation effects of
freezing-thawing cycle on farmland brown soil nitrogen transfor-
mation process[J]. Soils, 2015, 47(4) : 647-652. [ HlE
XK, HHER, A URERSCR XA AR R R A R Y
FRLRI[T]. e, 2015, 47(4): 647-652. ]

Zhou Wangming, Wang Jinda, Liu Jingshuang, et al. Effects
of freezing and thawing on dissolved organic carbon and nitro-
gen pool and nitrogen mineralization in typical wetland soils
from Sanjiang Plain, Heilongjiang, China[J]. Journal of Ecol-
ogy and Rural Environment, 2008, 24(3): 1-6. [ J{REA], F
A3k, XIS, &5 VREI IR R vA P AR AT
L] RS SR IREAE, 2008, 24(3): 1-6. ]

Wei Zhi, Jin Huijun, Zhang Jianming, et al. Study on the pro-
cess of soil carbon and nitrogen mineralization in cold-temper-
ate coniferous forests under freezing and thawing [J]. Scientia
Sinica (Terrae) , 2011, 41(1): 74-84. [FRE, &%, kil
WY, A5 RS T AU X AR R AR T [T ], i
AR HiERELE, 2011, 41(1): 74-84. ]

Luo Yachen, Lv Yuliang, Yang Hao, et al. Soil carbon and ni-

trogen mineralization in a Larix gmelinii forest during freeze-



2 4

PR T A« KOG ZEWe Z0 AT U5 4 Y8 5 M T ML SR Bl 28 X0 Bk 2 il 4 o

397

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

thaw cycles[J]. Ecology and Environmental Sciences, 2014,
23(11): 1769-1775. [FWjt, BHIR, #ik, 5. VRELME]
AT B AR L R T A TS [T ], A IR AR,
2014, 23(11): 1769-1775. |

Wang Jiaoyue, Han Yaopeng, Song Changchun, et al. Effects
of freezing-thawing cycles on soil organic carbon mineralization
in the peatland ecosystems from continuous permafrost zone,
Great Hinggan Mountains [J]. Climate Change Research,
2018, 14(1): 59-66. [ LWF A, #MEMS, RKAE, & dRafE
FHRT RG22 47 U5 A DX R i b+ AT LRI 1 14 52 M F 5
[J]. " ALBFFTk)RE, 2018, 14(1): 59-66. ]

Zhu Yanming, Huo Wenyi, Chen Dinggui. Trace element dis-
persion characteristics of peat in the Da Hingan Mountains and
environmental significance [J]. Scientia Gelgraphica Sinica,
1997, 17(2): 63-67. [ AR, RESCH, BRAE T ROGEIE T
B TCR S AT FRAE B PR 8 LT ). s IR, 1997, 17
(2): 63-67. ]

Chang Yihui, Mu Changcheng, Peng Wenhong, et al. Charac-
teristics of greenhouse gas emissions from seven swamp types
in the permafrost region of Daxing’ an Mountains, northeast
China[J]. Acta Ecologica Sinica, 2020, 40(7) : 2333-2346.
[HAaEE, BRI, BOCR, . RSCRI KA 3 IX 7R
PR L R B A RCRRIE [T ], AR 25274, 2020, 40(7)
2333-2346. |

Wang Yonghui, Liu Huiying, Chung H, et al. Non-growing-
season soil respiration is controlled by freezing and thawing pro-
cesses in the summer monsoon-dominated Tibetan alpine grass-
land[J]. Global Biogeochemical Cycles, 2014, 28(10): 1081-
1095.

Wang Qi, Li Wangwang, Li Bowen, et al. Annual ecosystem
respiration is resistant to changes in freeze-thaw periods in semi-
arid permafrost [J]. Global Change Biology, 2020, 26 (4) :
2630-2641.

Jiang Lei, Song Yanyu, Song Changchun, et al. Indoor simula-
tion study on carbon and nitrogen contents and enzyme activi-
ties of soils in permafrost region in Greater Khingan Mountains
[J]. Wetland Science, 2018, 16(3): 294-302. [ 7, K
FLORKFR, S RIS VR L XU st 3 RS BRI
Wik EAUETE (V] SRR, 2018, 16(3): 294-302. ]
Groffman P, Driscoll C, Fahey T, et al. Effects of mild winter
freezing on soil nitrogen and carbon dynamics in a northern
hardwood forest[ J]. 2001, 2001, 56(2): 191-213.

Li Yuan. The influence of hydrothermal conditions change on
nitrogen transformation and enzyme activities in black soil in
Northeast China[D]. Changchun: Northeast Normal Universi-
ty, 2015, [0, AU A R L AL AN PR X K A S 8
fergm i [D]. K4 ZRALIMIE R, 2015. ]

Xiao Ruihan, Man Xiuling, Ding Lingzhi. Soil nitrogen miner-
alization characteristics of the natural coniferous forest in north-
ern Daxing’ an Mountains, Northeast China[J]. Acta Ecologi-
ca Sinica, 2019, 39(8): 2762-2771. [ Mg, WiFEH, T4
BRI TR R R BT bk L A AR [T ). AR
i, 2019, 39(8): 2762-2771. |

Li Zhijie, Yang Wanqgin, Yue Kai, et al. Effects of tempera-
ture on soil nitrogen mineralization in three subalpine forests of
western Sichuan, China[J]. Acta Ecologica Sinica, 2017, 37
(12): 4045-4052. [ 62, T8, IEAE, 5. W74
E e Ll 3 AP AR AR R A iR [T]. AR SSE R, 2017, 37
(12) : 4045-4052. ]

Lu Boquan, Zang Shuying, Sun Li. The effects of freezing-
thawing process on soil active organic carbon and nitrogen min-

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

eralization in Daxing’ an Mountains forests[J]. Acta Scientiae
Circumstantiae, 2019, 39(5): 1664-1672. [ &AL, MR,
DN . VR R X DR 2 22 e B TR bR S A AL ™
PERySZmI L], FREERLE2EAR, 2019, 39(5): 1664-1672. ]

Liu Mei, Ma Zhiliang. Effects of experimental warming on soil
nitrogen transformation in alpine scrubland of eastern Qinghai-
Tibet Plateau, Chinal[J]. Chinese Journal of Applied Ecology,
2021, 32(6) : 2045-2052. [X3, Bk R . AL IR %) 75
o SRR R T TR R N A A R e [0 ], N A A
2021, 32(6): 2045-2052. ]

Zhou Wangming, Chen Hua, Zhou Li, et al. Effect of freez-
ing-thawing on nitrogen mineralization in vegetation soils of
four landscape zones of Changbai Mountain[J]. Annals of For-
est Science, 2011, 68(5): 943-951.

Fierer N, Schimel J P, Holden P A. Variations in microbial
community composition through two soil depth profiles [J].
Soil Biology and Biochemistry, 2003, 35(1): 167-176.

Zhou Wangming, Qin Shengjin, Liu Jingshuang, et al. Effects
of temperature and freeze-thaw on soil nitrogen mineralization
in typical Calamagrostis angustifolia wetlands in Sanjiang Plain
[J]. Journal of Agro-Environment Science, 2011, 30(4): 806-
811 [JAINEM], ZRME4r, XIFXL, 5. IR 4 A 1
U AR A e VR o B2 (0], AL BREE R 242440, 2011, 30
(4): 806-811. ]

Gao Decai, Zhang Lei, Liu Jun, et al. Responses of terrestrial
nitrogen pools and dynamics to different patterns of freeze-thaw
cycle: A meta-analysis[J]. Global Change Biology, 2018, 24
(6): 2377-2389.

Wang Fei, Man Xiuling, Duan Beixing. Characteristics of soil
nitrogen mineralization in the main forest types in cold temper-
ate zone during the spring freezing-thawing period [J]. Journal
of Beijing Forestry University, 2020, 42(3): 14-23. [ £ &,
WFHE, Belb . Fa VR ZE IR T 2 AR AR - R
PRI ], JEmtpfall K224, 2020, 42(3): 14-23. ]

Ma Xiuyan, Jiang Lei, Song Yanyu, et al. Effects of tempera-
ture and moisture changes on functional gene abundance of soil
nitrogen cycle in permafrost peatland[J]. Acta Ecologica Sini-
ca, 2021, 41(17): 6707-6717. [ HhFEHe, ¥4, KT, 5.
TRREFNIK G378 Ak v e DX e 27 - Y8 U0 1 Ky e 6 PR < 2 1y
SMLT]. AR, 2021, 41(17): 6707-6717. ]

Jia Guojing, Zhou Yongbin, Dai Limin, et al. Effect of freez-
ing-thawing on the carbon and nitrogen mineralization in Chang-
bai Mountain[J]. Ecology and Environmental Sciences, 2012,
21(4): 624-628. [B{[E &, Jzom, fOTR, 4. ZREHCH
R AR - e m Z A LB e (1], A AR BT, 2012, 21
(4): 624-628. ]

Li Shengnan, Fan Zhiping, Li Fayun, et al. Responses of soil
nitrogen transformation process to freezing-thawing cycle in a ri-
parian zone under three different vegetation types[J]. Chinese
Journal of Ecology, 2013, 32(6): 1391-1398. [ZEfE% , Juik
o, B, L RS R R R R R e A i A X
VRl SR R i ()] AR A SR Ak, 2013, 32(6) ¢ 1391-
1398. ]

Xu Junjun. Effects of freezing and thawing alternation on soil
nitrogen pool in the alpine meadow[D]. Ya’an: Sichuan Agri-
cultural University, 2010. [ ¥R 1R . Ufh 38 & 4 v FE Hifa) £
BERA MWD ] FE2 . TR, 2010. ]

Ren Yibin, Ren Nanqi, Li Zhigiang. Effects of freeze-thaw cy-
cles on soil microbial carbon, nitrogen and nitrogen conversion
in Xiaoxing’ anling boreal wetland of ChinalJ]. Journal of Har-
bin Engineering University, 2013, 34(4): 530-535. [{E{tE,



398

K N

+ 44 &

[61]

[62]

[63]

[64]

[65]

FERI B, 22000 VR RS /N 2% 22 0 0l - ST 2 e LR
REAFAFZ W [T]. MR TRER 4224, 2013, 34(4) .
530-535. ]

Guo Dongnan, Zang Shuying, Zhao Guangying, et al. Effect
of freeze-thaw action on dissolved organic carbon and nitrogen
mineralization of wetland soil in Xiaoxing’ an Mountains [J].
Journal of Soil and Water Conservation, 2015, 29(5) : 260-
265. [FBAM, JORIE, BOGR, . UREE FIXT /N 2622080
o E A RV DB RO LR R (1], K a4,
2015, 29(5): 260-265. |

Amador J A, Gorres J H, Savin M C. Role of soil water content
in the carbon and nitrogen dynamics of Lumbricus terrestris L.
burrow soil[J]. Applied Soil Ecology, 2005, 28(1): 15-22.
Davidson E A, Janssens I A, Luo Yiqgi. On the variability of
respiration in terrestrial ecosystems: moving beyond Q,, [J].
Global Change Biology, 2006, 12(2): 154-164.

Ma Xiaofei, Chu Xinzheng, Ma Qian. Soil enzyme activity
and microbial biomass of Haloxylon ammodendron community
under freeze-thaw action[J]. Arid Land Geography, 2015, 38
(6): 1190-1201. [ HhLE&, HOBIE, . LW Xkl
PRI X AR AR 7 L SIS 1V S U R n g [T ). 5
XHBEE, 2015, 38(6): 1190-1201. ]

Ma Junjie, Li Ren, Liu Hongchao, et al. A review on the de-

[66]

[67]

[68]

[69]

velopment of study on hydrothermal characteristics of active lay-
er in permafrost areas in Qinghai-Tibet Plateau[J]. Journal of
Glaciology and Geocryology, 2020, 42(1): 195-204. [ & &
A, W0, XEH, A TR TR AR R o DO B2 K Pk
PERFFEBERRELT]. VKIRL, 2020, 42(1): 195-204. ]

Martin J F, Reddy K R. Interaction and spatial distribution of
wetland nitrogen processes [J]. Ecological Modelling, 1997,
105(1): 1-21.

Freppaz M, Williams B L, Edwards A C, et al. Simulating
soil freeze/thaw cycles typical of winter alpine conditions: im-
plications for N and P availability [J]. Applied Soil Ecology,
2007, 35(1): 247-255.

Zhang Wei, Zhang Xudong, He Hongbo, et al. Research ad-
vances in soil nitrogen transformation as related to drying/wet-
ting cycles[J]. Chinese Journal of Ecology, 2010, 29(4): 783-
789. [KEL, SIBA, frLidl, 2. TR AT LIEAR
Fetb BOHSZw g B (1], &2k, 2010, 29(4) -
783-789. ]

Jin Fengxin, Lii Wenbo, Zhang Yunhui. Discussion on the de-
pendence of wetland and frozen soil in Daxinganling area[J].
Protection Forest Science and Technology, 2007 (6) : 69-71.
[ RGBT, B, gk BRS04 3 DO 5 VR 1Y
AR T B R, 2007(6) : 69-71.



2 4 PR T A« KOG ZEWe Z0 AT U5 4 Y8 5 M T ML SR Bl 28 X0 Bk 2 il 4 o 399

Response of inorganic nitrogen dynamics to autumn freeze-thaw
in permafrost peatlands of the Greater Higgnan Mountains

JIAO Yaging'?, SONG Liquan'?, ZANG Shuying'?, SUN Chaofeng'*, LU Boquan'’

(1. Heilongjiang Provincial Key Laboratory of Geographical Environment Monitoring and Spatial Information Services in Cold
Regions, Harbin Normal University, Harbin 150025, China; 2. Cooperative Innovation Center for Ecological

Security in Cold Regions of Heilongjiang Province , Harbin 150025, China)

Abstract: Permafrost peatlands in the Greater Higgnan Mountains are one of the areas sensitive to global warm-
ing response. In the context of global warming and permafrost degradation, to investigate the spatial-temporal
variations of inorganic nitrogen in permafrost peatlands during the autumn freeze-thaw, this study was conducted
in situ field experiments from September to November 2019 in the three permafrost peatlands in the Greater Hig-
gnan Mountains, and analyzed the spatial and temporal variations of inorganic nitrogen in the shallow and deep
layers of permafrost peatlands during the prophase, metaphase and anaphase of the autumn freeze-thaw. A multi-
ple linear regression model was established for the relationship between soil inorganic nitrogen content and soil
hydrothermal factors. The results of the study showed that the ranges of soil ammonium nitrogen (NH,-N) con-
centration in the permafrost peatlands (Calamagrostis angustifolia peatland, XY ) , (Larix gmelina-Sphagnum
peatland, XA), and (Eriophorum vaginatum peatland, BM) were (1. 00£0. 00)~(20. 60+0. 20) mg-kg™"', and
the ranges of nitrate nitrogen (NO,-N) concentration were (0. 02+0. 01)~(14. 64+1. 11) mg-kg™'. The inorgan-
ic nitrogen was dominated by soil NH,"-N, and inorganic nitrogen concentrations were significantly higher dur-
ing the anaphase of the autumn freeze-thaw than that of the prophase. Although hydrothermal interactions did
not significantly affect inorganic nitrogen during this freeze-thaw, the BM inorganic nitrogen concentrations in
the shallow layers were most responsive to 10~20 cm water content throughout the freeze-thaw period (R’=
0.344, P<0.01), and the inorganic nitrogen concentrations in the shallow layers was only related to soil mois-
ture and temperature in the shallow layers during the prophase, metaphase and anaphase of the autumn freeze-
thaw. The study showed that the autumn freeze-thaw could affect the inorganic nitrogen dynamics in the perma-
frost peatlands, and that the variations of the soil moisture and temperature in the shallow layers affected the inor-
ganic nitrogen concentrations. This study could complement the data on the effect of autumn freeze-thaw on soil
inorganic nitrogen in permafrost peatlands in the Greater Higgnan Mountains and provide basic data for the study
of greenhouse gas emissions in response to global warming.

Key words: permafrost peatlands; inorganic nitrogen; autumn freeze-thaw; temperature; moisture content;

Greater Higgnan Mountains
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Attached table 1  Variance analysis of soil temperature and soil moisture content in the three permafrost peatlands

gt GO R J& HEAN T
Ve b 2SR XYXXA XYXBM XAXBM XYXXA XYXBM XAXBM XYXXA XYXBM XAXBM XYXXA XYXBM XAXBM

0cm 0. 065 0. 148 0.657 0.002** 0.018* 0.180 0.443 0. 166 0.519  0.045* 0.061 0. 892

5 cm 0.823 0. 449 0.330 0.336 0. 648 0. 607 0.619 0.357 0. 665 0. 846 0. 948 0. 796

10 cm 0.139 0.011* 0.215 0.338 0.458 0.901 0.419 0.281 0.779 0.610 0.349 0. 668

I5ecm  0.026% 0.001*%* 0.125 0.050* 0.043* 0.945 0.450  0.719 0. 689 0.161  0.019% 0.323

20em  0.012* 0.001** 0.090 0.159 0.032*  0.403 0. 806 0.916 0.725 0.113  0.006** 0.225

i 25cm  0.007**% 0.001** 0.108 0.068  0.021* 0.569 0.932 0. 636 0.576 0.060 0.003*%* 0.227
30cm  0.001** 0.001** 0.249 0.035* 0.013* 0.636 0.950  0.664 0.620  0.024* 0.002*%* 0.359

35cm  0.001** 0.001** 0.268 0.027* 0.014* 0.771 0.947 0.712 0.663  0.015* 0.002** 0.422

40cm  0.001** 0.001** 0.259 0.259 0. 060 0.410 0.951 0.581 0.623  0.016* 0.001** 0.338

45cm  0.001** 0.001** 0.252 0.222 0. 067 0. 504 0. 809 0.435 0.588 0.010* 0.001** 0.318

50cm  0.001** 0.001** 0.154 0.129 0.092 0. 852 0.956 0.739 0.781  0.009** 0.001** 0.436

0~10cm 0.001** 0.001** 0.284 0.005** 0.001** 0.600 0. 697 0.711 0.451  0.001** 0.001** 0.292

10~20 cm 0. 001** 0.001** 0.338 0.015* 0.021* 0.887 0.397 0. 561 0.786 0.001** 0.001** 0.826

Pk 20~30 cm 0.001** 0.001**  0.919  0.044*  0.077 0.775 0. 141 0.142 0.995 0.001** 0.001** 0.941
30~40 cm 0.001** 0.001** 0.634 0.025% 0.347 0.155 0.002** 0.010* 0.459 0.001** 0.001** 0.404

40~50 cm 0.001** 0.001** 0.440 0.020* 0.110 0.393 0.050  0.089 0.769 0.001** 0.001** 0.393

TE: XY: ANEJEACH, XA: MZFEHIA-TERERRIL, BM: HBFEHTHERRRM, RIS AR TE P<0. 05 K F L2 5R
B3, BRI ARAE P<0. 01K L2255 B 3F . A% B SR ot By PAH.

Wh#e2  3RhZARR L YR IR M TEA ) 2 TR L ) TR 2 2 S 23

Attached table 2  Difference analysis of inorganic nitrogen concentration in three permafrost peatlands at different soil depths

At 1 GIEY! g JeE i FLANIHY)
Ve XYXXA XYXBM XAXBM XYXXA XYXBM XAXBM XYXXA XYXBM XAXBM XYXXA XYXBM XAXBM

®JENH,N 0~20cm 0.887 0.973 0.914 0.732 0.900 0.828 0.809 0.572 0.422 0.671 0.917 0.597
WZENH, N 20~50cm 0.262 0.911 0.311 0.593 0.136 0.323 0.364 0.364 0.079 0.370  0.259 0.045*
HIKNH,N 0~50cm 0.444 0.932 0.496 0.934 0.492 0.545 0.464 0.377 0.116 0.454 0.465 0.142
®ENO,-N 0~20cm  0.066 0.029* 0.679 0.052 0.041 0.905 0.418 0.404 0.980 0.018% 0.009* 0.777
WZENO,-N 20~50cm 0.030* 0.011* 0.322 0.206 0.247 0.910 0.301 0.513  0.695 0.026* 0.034* 0.903
#IKNO, N 0~50cm 0..030* 0.010%* 0.616 0.133 0.158 0.920 0.340 0.462 0.821 0.010* 0.011* 0.981

T XY: DHEJRRM, XA: MLTEMAR-JERE M, BM: ABEVTFHEEIRIM ., “CREIRGITEARAE P<0. 05 K1 1225
BF . B PEIRR RGO BRI P

WEE3 HEANRK TR R R YR 8 ¢t i PR A2 i 5 DO AL S0k B AR S o B
Attached table 3 Correlation analysis of environmental variables and inorganic nitrogen concentrations

in permafrost peatlands throughout the autumn freeze-thaw period

e % Hi 2 18 XY BM BM BM XA
TEHLA JZNH,"-N R)ZNH,"-N HANH,-N %JZENO, N
- 10~20 cm / 0. 580°(0. 006) / 0.614°(0. 003) -0. 459" (0. 036)
20~30 cm / / 0. 4847(0. 026) 0. 4767(0. 029) /

Hee XY: /NP, XA: MLPEMRA-JRRETE s, BM: HBLEHFE s, RIS IT45 R 7E P<0. 05 K 3%
Tk PR S AR IR GO BAR R P BRSNS IR R A S0 P (e



21 FEW A KOS ZAFTR 1 U et TC AL R B0 785 X Bk 2 Rl ) i i 401
R4 FRZEVR AT HA R U o o i PR AR 12 5 T LR BE I AR G 43 B
Attached table 4 Correlation analysis of environmental variables and inorganic nitrogen concentrations
in permafrost peatlands during the prophase of autumn freeze-thaw
Ve e H 2 7Y XY XY XA XA XA BM BM BM

HENH,-N #ANH,N RZENH'-N #ANH'N RZENO,-N ¥WENH-N #ANH N HANO, N
Ocm 0.767°(0. 044) 0. 849°(0. 016) 0. 403(0.371) 0.238(0.607) -0.765"(0. 045) / 0.415(0.354) -0.756"(0. 049)
5 5cm  0.646(0. 117) 0.538(0.213) 0.859°(0.013) 0. 876'(0. 010) —0. 488(0. 267) / 0. 680(0.093) —0.546(0.204)
10cm 0. 687(0.088) 0.584(0.169) 0.810°(0.027) 0.750(0.052) —0.082(0. 861) / 0.771*(0. 042) —0. 170(0. 715)
15cm  0.495(0.259) 0.327(0.474) 0.779°(0.039) 0.799°(0. 031) —0.091(0. 845) / 0.586(0. 167) —0.149(0. 750)
éM(izmso cm / 0. 119(0.799) / -0.272(0.555) / 0.653(0.112) 0.736(0.059) -0. 788*(0. 035)
40~50 cm / 0.506(0. 247) / -0. 147(0. 753) / 0.775%(0. 041) 0. 652(0. 112) —0.705(0. 077)

TE: XY: /NHEEJRSM, XA MRFEMAR-JEREEIE s, BM: HEBFEWTHFISM . “CRBERSIHA R AE P<O. 05 KF LR3;
FAE G S NEHR TR G R PAE. IR S R LR A AEAR Y P{EL

BEE S B rh S R 0 i i A PR I8 7 o 5 DO LU JEE A9 AR S 0 A
Attached table 5 Correlation analysis of environmental variables and inorganic nitrogen concentrations

in permafrost peatlands during the metaphase of autumn freeze-thaw

Ve s bR XY XA XA BM BM BM BM
HIANO,-N  ¥JZENO,-N  #{ANO,-N  JZENH/-N  HZENH'N  #ANH N  #{ENO,-N
Ocm  -0.842°(0.018) —0.274(0.552) —0.042(0.929) —0.026(0.957) / -0.060(0.899) -0.437(0.327)
5cm —0.145(0.757) —0.749(0.053) -0.895°(0.006) —0.656(0.110) / —0.706(0.076) —0.424(0.343)
10ecm  0.277(0.548) —0.419(0.349) —-0.757°(0.049) —0.744(0.055) / -0.779°(0. 039) —0.470(0. 287)
15ecm  —0.057(0.903) -0.452(0.309) -0.547(0.203) -0.837°(0.019) / —0. 8847(0.008) —0.403(0.371)
+#  20em  0.059(0.900) —0.419(0.349) —0.352(0.439) -0.685(0.089) =-0.761°(0.047) -0.732(0.061) —-0.579(0.173)
30cm  0.424(0.344) / -0.410(0. 361) / -0.756°(0. 049) —0.718(0.069) —0.558(0.193)
35cm  0.348(0.444) / -0.361(0. 426) / -0.777°(0. 040) —0.746(0.054) —0.552(0.199)
45cm  0.283(0.539) / —0. 434(0.331) / -0. 810%(0. 027) -0.759°(0.048) —0.321(0. 483)
50cm  0.274(0.552) / —0.322(0. 481) / -0. 888"(0. 008) -0.855°(0.014) —0.512(0.240)
- 0~10cm  =0.511(0.241) =0.8147(0.026) —0.674(0.097) 0.486(0.268) / 0.455(0.305)  0.792"(0.034)
" 10~20cm ~0.441(0.322) —0.668(0. 101) ~0.705(0.077) 0.745(0. 055) / 0.770°(0.043) 0. 046(0.922)

e XY /TR, XA
FA& S N B R R G BRI P RPN S LR AEARC ) PE

MBVE RN IR BRI SR M,

BM: FHEEWTHERRRM. ~UREIRGITH45RAE P<0.

BE2e 6 K VR RS STV e i M ) BRI A -5 ML SRR 2 O A S

Attached table 6 Correlation analysis of environmental variables and inorganic nitrogen concentrations

in permafrost peatlands during the anaphase of autumn freeze-thaw

05 7K i 3%

e 7% 2 XY XY XY XY XY XA BM
)7 NH,-N HPRNH,'-N %JENO,-N %) NO,-N #{kNO,-N THLE LA

+iE 5cm 0. 668(0.101) 0. 803°(0. 030) 0. 086(0. 855) / 0.088(0. 851)
10 cm 0.795°(0.033)  0.862°(0.013) 0.257(0.578) / 0.256(0. 580)
15 cm 0. 825%(0. 022) 0. 699(0. 081) 0. 811°(0. 027) / 0. 8227(0. 023)
25 cm / 0. 156(0. 738) / 0.800(0.031)  0.815°(0. 026)

30 cm / 0. 154(0. 742) / 0.808"(0.028)  0.8217°(0. 024) / /
35cm / 0. 125(0. 790) / 0.795°(0.033)  0.809°(0. 028)
40 cm / 0.137(0.770) / 0.769°(0.043)  0.780°(0.039)
45 cm / 0. 179(0. 701) / 0.784°(0.037)  0.794°(0.033)
Tkt 30~40 cm / 0.370(0. 414) / 0.812%(0.026) 0. 803"(0. 030)

TE: XY: /NHREJE AL, XA: MZVEMAA-TRREE A, BM: HBFEWFHERERIM . “URBIRS IR TE P<0. 05K | 3%
FA AR S ABER R R G EER R PE. RPN LS LIRS EAR R PAE.



