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Characteristics of Soil Carbon Mineralization and 8"”C Values in Alpine
Marsh Meadow under Different Freeze-Thaw Conditions
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Abstract: To investigate the mechanisms of the effects of different frequencies and intensities of freeze-thaw
cycles on the soil carbon mineralization process and the characteristics of stable carbon isotope (§C) fraction-
ation in alpine swamp meadows, this study focused on the soil of alpine swamp meadows on the Qinghai-Tibet
Plateau. Two freeze-thaw intensities ( —15 to 15°C and —10 to 10°C, a total of 15 freeze-thaw cycles) and a
control group at 10°C were established. A 15-day indoor continuous monitoring experiment was conducted to
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compare the dynamics of carbon mineralization and changes in 8”C. The results showed that low-intensity
freeze-thaw cycles significantly inhibited the rate of carbon mineralization, causing a decrease of 7. 67%. In con-
trast, high-intensity freeze-thaw cycles significantly promote the cumulative carbon mineralization, with an
increase of 2. 70%. The differences among treatments were relatively small after the first 3 freeze-thaw cycles,
but the growth rate of carbon mineralization significantly slowed down under the low-intensity treatment after
the third cycle. The 8"C values under different freeze-thaw intensities ranged from —21.49%, to —28. 03%.,
which showed —15-15C>10C>—10-10°C, and showed a trend of first decreasing and then increasing with
the increase of freeze-thaw frequency. Redundancy analysis (RDA) showed that ammonium nitrogen (NH,"-
N) and microbial biomass nitrogen (MBN) were the key factors regulating carbon mineralization and isotope
fractionation. Under the —15-15°C treatment, 8"°C values were significantly positively correlated with nitrate
nitrogen (NO; -N). In contrast, under the —10-10°C treatment, the carbon mineralization rate was signifi-
cantly negatively correlated with MBN and significantly positively correlated with microbial biomass carbon to
microbial biomass nitrogen ratio (MBC/MBN). Additionally, its stable isotopes were significantly positively
correlated with NH, -N and MBC/MBN. Overall, the reduced freeze-thaw intensity significantly inhibits soil
carbon mineralization processes and causes changes in microbial metabolic pathways. It is crucial to pay atten-
tion to the long-term impacts of the continued weakening in {reeze-thaw intensity on the carbon sequestration
function of alpine wetlands.
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Fig.1 Automatic-continuous measuring device for indoor soil microbial respiration

A EFRE AR I E B 454 =541) o MCHE ik W SR
A PR 1 8 (2 SR, L O 3 b X 3 T
52 AR IR 2 I 1 O 78 T00EE 3 4 /AL AR
FRIF R 5 . B PVC R T 20°C A W 5% 14 1 8% 5%
T AR AT . BE BT I SOC W 4k R K
OVC H # 22 i, 4y B B S R FTC(—15~
15°C) K58 B FTC(—10~10°C) F1 10°C {5 i X B
A, AR AT T 15 FTCU5 d) . AR FRIR
5 4 18] 4 2 d SR FHBR T 3 b 78 5% 3RO K 43, AR IE
TR K R<2% . BAFTCEW (24 D JE 4TI
IO it P 0 JIS5 30 A< 30 B0 P AT % B o ARWIF S A4 3
Tl VR Rl i B2 L 15 A VR BOIBLORT 3R A . R A I
b T P AE A VR G R A R 0 ) B By, R TR
FECT D E R B A AR R R
30 ) At , B O T 8 IR IR BT W R E M L SR KPR
H b T AR B bR R TR

1.4 WRFE
+ 1 SOC 7 1k 7 3K 18
AT A

ik CO,He B2 78 Al i B4 5

CXVXaXp
m
K Ry A HLAL SOCH LK (ug-g D, CH
WIS [R] N COL MR BE AR AR R, VR 15 35 R4S 2k

RS()il -

AR m SR B RN £ T H (2, o2& CO,SME
Jo b B A R, B I LG AL R B
+HEAE L BB LR (mg-g D& N S
Fr ¥ iy B 5 A 1 [8] 55RE  CO,-C it BT~ 15F []
Brz i) iy AR Ak Dy 3 PR A B ) B A 1 3 RS i
R ] B KB SR
K 52 Bk [l 457 ZAB (8 CH i 3 CO, [l 7 R S M4y
Br AL (CCIA-36d-EP, 22 E) i 17 43 #1 , 70 7 kG
+0. W0 AKX N:
. R
SMC(%O):(RM— 1
KX P R, N EE M A EC/PC{E , Ry, N B A
1) BC/PC bR AL A bR FE o T AT 9 ik W) 467 25 41 B
FHH VPDB it
iR E RO DB 2, 5 PVC
L TR) 25 42 b B, 3 A B X 3 F AR X5 A ] 5 =453,
AT BIRPEREE . 435 TRFR450,1,3,7,15 d 4%
P[] BB, g sF () 057 4 A BB 3 A4 R A2 AR AR (I 4
WK 30, A F A ¥ i ik (Microbial biomass
carbon, MBC) f#2E ¥y 15

) X 1000

# (Microbial biomass nitro-
gen, MBND | ## 4= ¥ & B % kb (Microbial biomass
carbon to nitrogen ratio, MBC/MBN) | fi§ & %
(Nitrate nitrogen, NO; -N) | £ & & (Ammonium



482 B

S 34 4

nitrogen, NH, -N) | #, 5 % (Electrical conductivity,
EC) .SOC #l pH{E I I & . MBC 1 MBN % H] &
15 755 -KLSO R $E 1 o 78 3% 220 8l T 39 43 i AY
I R AR R NHL -NL,NO, -N & i, R
S RALA pH I 2 EC A pH {E, 4 38 F1 2818 K (1)
RAHI 5 1:581: 2.5, R FEIR 7 4% LR
2h)Ed s, IR R E . SOC R HE %W
AR AR E .

1.5 HEBSItHH

FIHI SPSS 25. 0 F kgt A5 s g it o i, 3%
PEAKF «=0.05, BAF X [0 R 95% 1 BN FE
23 M1 (Two-way ANOVAD K 56 FTC 5i B F45 JiE
A T B Hosg BRI 38 SOC w7 fh i R il ™
b BBUR 0VC UL R e . B
Ko 56 38 1 B /D o 3F 2% 5 1k (Least significant differ-
ence, LSD)#EAT Z & i, W E 1 22 7 B KR
P<C0.05, i# i JT 4% 45 #t (Redundancy analysis,
RDADKE I T+ 3 6k i 1k Sz 87°C 15 PR 5548 £ 22 [

)5 & ,RDA 43 #F i Canoco 5 54 5E e, bk, )
JHR 3.3. 311 corrplot £ 2 i 1 AH G PR JE [ F A
H A #2414 Origin 9. 0 Al Excel #4458 i

2 HBRE5HH

2.1 FRERI LEFIRY LK

ANTE FTC %8 8 X + HE kv fb okl 2 A B %
oM (P<<0.001) (£ 1), RZ& P FTC ) + 5
SOC # b 3 B I B AR {6 V- 22, 1 FTC i 15 + 1
C 1 Ak 38 <l 2h W] . HL 28 1k el 3 48 Ok (| 2) . Bl
& FTC MK 3G, 3 Fl kb 38T + B o Ak 2 %2
MR R RS . —15~15"C % fh 4k 2 % 1
T 6T AR Ak T 4 M B 7 Ak R RS i, b
HEREKMEER FREBESIE TR, M —10~
10°C ¥ fill A BT ik 7 Ak 3 2 0 AH B, i 09 0% 3l B
AN, TR e KB R R N B B R I /IME R X
M I, B A R AR T — 15~ 15C %k b e 15
T F A b B

R1 FRARBREREIEEAMAREFRFHTIERT AER BT LERRER CHEARETEZRETENN

Table 1

One-way multivariate analysis of variance CANOVA) of freezing and thawing frequency and intensity and their interac-

tions on the rate of soil carbon mineralization, cumulative carbon mineralization and 8"°C under different incubation conditions

BRI AT ES

A fE R B

fit Soil carbon mineralization rate/(pg+g ') Cumulative carbon mineralization/(mg-g ") 5/ %
F P F P F P
FTCHiK (F) FTC frequency 1.164 0.336 853.939 0 4.913  0.008™
FTC5 (D FTC intensity 9.410 0 51.999 0 179.544 0
F X1 Frequency X Intensity 1.693 0.119 2.488 0.021°" 3.600  0.011"

T *F R P<<0. 05, #5378 P<<0. 01, =38 P<<0.001,n=36, K[

Note: * indicates P<<0. 05, ** indicates P<<0. 01, *** indicates P<<0. 001, n=236, the same as below
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Table 2 One-way dependent multivariate analysis of variance CANOVA) of freezing and thawing frequency, intensity and their

interaction on soil physical and chemical properties and microbial load of soils under different incubation conditions

NES AR A RA TR P fili A A AR A PR GRS
Eifect MBC/ MBN/ Tk A L NO, -N/ NH, -N/ soc/ EC/ pH {E
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FTC intensity
FXI 3.296” 8.6407 6.224" 0.356 2.430° 1.149 0.695 1.390
Frequency X Intensity
®3 AEAFHEENSERAFE@AIERERFHZMN
Table 3 Effects of different freeze-thaw intensities on soil environmental factors in alpine swamp meadows
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B R F I+ SE . AR 7B R R AS R R i 3 1R) 22 57 42 2% (P<<0. 05)

Note: Values are means+ SE. Different letters indicate significant differences between different freeze-thaw intensities (P<<0. 05)
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Fig.8 Two-dimensional sequential RDA ordering of soil

carbon mineralization and its 8"C with soil physicochemical
properties
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Note: Red solid lines represent different soil physico-chemical indica-
tors and blue solid lines represent soil C emissions. Abbreviations:
MBC, microbial carbon; MBN, microbial nitrogen; MBC/MBN,
microbial carbon/nitrogen ratio; NO, ™ -N, nitrate nitrogen; NH,"-N,
ammonium nitrogen; pH, pH; EC, electrical conductivity; CR,

carbon mineralization rate; 8°C value, the same as below
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Fig.9 Heat map of correlation between soil carbon mineral-
ization (a, c, e) and 8"C (b, d, {) and soil physicochemical
properties
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