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Abstract: [Objective] Meadow soils on the Qinghai-Xizang Plateau are highly sensitive to changes in the
frequency of seasonal freeze-thaw cycles caused by climate change, and it is therefore urgent to understand how
microbial activity in these soils responds to different numbers of freeze-thaw cycles. [Methods] Typical alpine
meadow soil from a region of the Qinghai-Xizang Plateau with frequent seasonal freeze-thaw activity was selected
as the study subject. Simulations with 1, 3, 5, 7, and 9 freeze-thaw (FT) cycles (termed C1, C3, C5, C7, and

C9) and a non-freeze-thaw control (N9) were conducted to compare the response characteristics of typical soil
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parameters: dissolved organic carbon (DOC) , microbial biomass carbon and nitrogen, and gaseous carbon and
nitrogen. [Results] 1) Compared with the non-FT treatment (N9) , soil microbial biomass carbon (SMBC)
decreased significantly by 23.64% after C9, while DOC increased significantly by 7.37%, and the cumulative
emissions of CO, and N,O increased by 71.09% and 321.40% , respectively. 2) With increasing FT cycles, DOC
content and activities such as 8 -glucosidase and leucine aminopeptidase showed a nonlinear trend: they first
declined and reached minimum levels at C5. The CO, emissions rates peaked after the first two freeze-thaw cycles
(1.83 times that of the non-FT soiD) , while N,O emission rates sharply increased after the fifth cycle, reaching
5.83 to 24.82 times that of the non-FT soil. 3) Soil microbial biomass nitrogen (SMBN) did not vary
significantly, but the concentrations of NO, -N and the activity of N-acetylglucosaminidase (NAG) increased
steadily, while NH, -N decreased steadily, as the number of FT cycles increased. [ Conclusion] The effects of
multiple freeze-thaw cycles on soil microorganisms are not merely repetitions of a single freeze-thaw event. After
five cycles, changes in pore structure and microbial mortality caused by soil water freezing and swelling have
largely stabilized, and the surviving microbial communities gradually adapt to the new temperature conditions,
restoring their activity during subsequent cycles. These findings could provide new theoretical insights and data for

understanding the overwintering mechanisms of microorganisms in alpine meadow soils affected by seasonal freeze-

thaw cycles.
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Fig.1 Schematic diagram of experimental design

1.3 TEREMEYEHRTNE

+ 4 SMBC 1 SMBN (] 72 2 2% ( + 8 4l fk
”‘ﬁfﬁﬁ/i)““,*Fﬁﬂwﬁi@%#}miﬁ%/ﬁ(& J

ik B HLER 2 AT (TOC-VCPH, & e, H A ) 4y

S S B R A B ZE AR DOC Ji #4348k, 38 i i
35> BrAY C(Auto Analyzer 3-AA3, 15 [ ) 43 51 I & 5
R EZERE S NH, -N R0 5. itHhEEL
5 Rk 2% + 8 DOC I NH, -N 2218, I 20 BIAK 3
B Ak & B0 0.45 F0 0.25, 1 5+ HEBE 5 SMBC Al
SMBN Jii #4354 .
1.4 TIERFEENE

Sk Xt HeAS [ % w0 A Ak B TS B RO IR M %
it % M A A R A, S B B 4 B R (BGD B- K

WEH B (BXYL) 27 4 Z 4K fif i CCBHD | £ k22
T A BT R (NAG) (52 2 R 2 55 KB (LAP) 5 F il
WL BT, PRE1.18~1.22 g it £, A 150
ml. Tris-HCIZE Ml (pH 24 8.3) F 5 3= LA, 38 13 1 )
PR PE 1 min i B HEEP I . R 96 FL B AL fL
FUAR DN BE W, BB A A AL (150 pl A B i+
50 pL AH RS 40D 28 F AL (150 pl A i 2 0|+
50 pL 28 D AR KL (150 pl A i Ak kW + 50 pl
AH L AR D) 5D | B X BE AL (150 pl 22 Wi+ 50 pl
AH N ) F 2 25 A o S fL (150 pl 2% vP i+ 50 pl
AHILARHED) 0D o T A FE A 25 CRE IS A T 15 3%
4 h, i JE A AL B ALET n A 10 pLb 0.5 mol/L
NaOH £ (12 )%, & ¥ 1 minJ& , i B £ 2 i Jl br AL

http. // stbexb.alljournal.com.cn



555 X

o o DA ) B I P AN [ R AT A R Al e e 259

(SpectraMax M, Molecular Devices, [ F i), 78
Wk P 365 nm & K 450 nm 1Y 2% 44 I E -

iz%ﬂ’@ﬁl\ﬂﬁifﬁré AP EAANTEE ., TS
A,=FV/(eVitm) (1)
F=(f—f)/q—r. (2)

e=/./(CV,) (3)

g=(fi—H)/1 (4)

A AR ERE S TS PE  nmol/(g-h) s F R IE
JE B RE S SEOEAE 3 V R RO ) B AR VOl
FLAR g FL AP A AR B R R B, mL s 2 M I R
FEEE]  hym T R BT, g5 R BEAR AL BORE
AL A 2 5/, R 28 FURFL B 20O6 M 5 ¢ K R
B R B X BEGFL B 28 S 5 e MO SERE LR B f,
k5 2 AR HE AL 1 S8 G AE 5 C. o 575 s o L 1 vk
&, 10 pnmol/L; V. A A Z: % bR #EW AR FR L 50 pl;
SRV KR HE AL ) G
1.5 TECO,MNOBMERATHIE

T = AR E B R A 9: 0008 T 4 0 55
H G R AR N T2 SR, 3 T 10: 00 FR R & N

TS Skl AH @35 (78908, ZHEAS , FE[HD 43

SN E T FEEH % M 1 hif s COL M NLO W B, IR AR
P 4 T SE PR 25 4 o8 - M T 5 R A ] SRR
PR /N B B TR % L 4% VR AL P4 Ak B S, COL R NLO
F B8 30 3 0] /)N o) B 0 3 3 3fe LA, 24 AT AR B
1.6 HAb IR A& 545N E K S HE 9 47

A+ HERE S pH i 3 pH 3T (PHS-3E, B # , 1 [E
EWEOIME 5 H 3RS R (NH, -ND A AR (NO, -ND
J A E0R 0 1 mol/L KCLEL 1:5 89 K i 42,
180 r/min Z iR ¥R % 1 h, I I Ak P g 4C i i 15 5]
B, i B WA % 2 3t 3 43 A AL CAuto Analyzer
3-AA3,EEDME

¥ F Microsoft Office Excel X 4 ¥E 47 4 5 2% 3 |
SPSS 27.0 3k 4 i# 17 4e it 4t , FH 5 3 % (One-
way ANOVAD AT 7 2253 M o A~ [a] 4k B[] 11 22 53 7
o 35 3 2 Duncan 35 #F 17 2 8 LA (p<<0.05) , Iffii
Origin 2022 # 1 2: &

2 HR54HH
21 AREMERIIBTLTETRIEAN®R. ED
AMESRER

Wi 5 VR O 20 O B0 T, 38 DOC SEREIK S ¥
B, T Co i B K {H 231.51 mg/kg, {21 C7 A1 C9
J& M E & 259.56~267.60 mg/kg. 5 A % il 20 N9 AH
e, COMI DOC I 1 5 7.37 % (& 2) o AS TR 5 Rl A 24

WHCR , 3 NO, -NFINH,  -N B3 F . —J5 1
NO, - N B R Rl 8 B U i 52 5 38 35, C LA A B fik
{8 56.92 mg/kg, M7E C9 J5 18 F+ = 2 fr K{H 69.48
mg/kg(#l 205 75—, H3ENH, -N 2 &%, C1
B 5% & R 20.76 mg/kg, {0 CO J5 2 B AR & /M
12.23 mg/kg(E 2), SRRl L NOA L, CORy
NH, -N i F 3 5 HNO, - NS &R 82 (5 2),

300 F—s—pOC—+—NO, -N —=—NH,"-N ;
a 1
ab ab
b (RS
~250 - - d ! tf
e i
g |
#® 50 E
0 1 1 1 1 1 : !

Cl C3 (6] C7 C9 N9
TRRME IR L AR
TE < PP AN T) /N T 5 g 3R T] — 8 AR 78 AS 7] V4 47 A O 4k 1t
Z AR AE i #5255 (p<<0.05), T,
B2 AEFEBBERXHELETREFI®K
& (NO, -N) fnz 75 & (NH,-N)
Fig. 2 Soil dissolved organic carbon (DOC), nitrate nitrogen

(DOC) . FE &

(NO;-N) , and ammonium nitrogen (NH,-N)
after different numbers of freeze—thaw cycles

22 AEAFHMEBRIB TTEREDEYER.K
HER
B 2 5 R G PR VBCE B, SMBC S BGRB8, T
ik F /M 320.60 mg/kg, 76 C9 [ 7% 336.91 mg/
kgo HARREI NI, CIRt SMBC i #/ 23.64 %
(K3, AR VRAIE AR RECT ,SMBN 22 5% AR 3%, H
C95 N9 SMBN L AFELE i % 22 5 (3D

600 —o—SMBC —=— SMBN | 780
500 F b, 0
,‘;D 400 b b be be ; 160 —ab
en ¢ i o
E 3001 : 450 £
2l Lz
> 2007 o ToLr %S
wn b 1 wn
100 ! 130

0 1 1 1 1 1 : 1 20
Cl c3 Cs C7 9 N9
TREMGIR AL PR
B3 AEERMBERIBELTEREDEW =R (SMBC)Fn
MEMEDE=R (SMBN)

Fig.3 Soil microbial biomass carbon (SMBC) and microbial
biomass nitrogen (SMBN) after different numbers
of freeze—thaw cycles

23 AREAFBMBERXET LERIIMEEENES
B 25 VR AT PR B T, BG R LAP i 96 7 5

R AR J5 35 in s B, ¥ 7E C5 J5 8 B B /MH 224,11,

117.29 nmol/(g-h) (& 4>, [A# , BXYL 1 NAG [iff

http. // stbexb.alljournal.com.cn



260

K A ARFF AR

%039 %

I P Bt % VR RO B0 ORI I 2 1, C LB 340
R AH 57.25.71.76 nmol/(g+-h), 1 C9 J5 i 2 14 hn = &
KAH 167.24 .137.47 nmol/(g-h) (F 4), CBH A
FE A [R] VR OGP B AR AR 2, N 69.16~
86.68 nmol/(g-h) (4>, 5IEFRR N9 &b HAH Lt , C9
e ol 5 BXYL B NAG & 3% EJF,H CBHE 2 % F
R, T BG AT LAP WA fE R 3 (&1 4D
24 AEEMBEAIETIEERESEHRINES
SRR R NO AH L, VR Al 0GR AL 3 S - HE CO,L

_ 2 A ab
_400p @ ——BG —*—CBH BXYL a b (a)
= :
a0 300 |
) :
=) i
£ L , :

i‘\ﬂ 200 a E b
H;E[ ; c i
el d |
1 S S S
g & E
© :

0 ! ! ! ! ! | !

Cl C3 C5 C7 Cc9 N9

RRMEIR I EL R

NLO B e 3 W25 42 (I 5) . BRI &, 78 C1
I C2 YR AL 31 5 L4 CO, R 2 i 25 i3 T oK ok il
+ 3 S B HE i I8 82.53 %6 5 M NLO B i 18 2R W) B 2 1k
Tl 478 P R BS88 22 i 2 i e, U HAE C5 2 /5 NLO B
T AR R R R R 5.83~24.82 % . BURTE
9 dEE R, FRa ks e £ CO, RBRBE B &R
125.17 mg/kg, & A VR il + 4 19 1.71 4%, 1 N,O B
B M BN 93.34 mg/kg, & R % AE + R
4.21f5 (K 5.

250 (b)

—=—NAG —=—LAP . 1oa

200

150+

100+

NGBS P4/ (nmol - g '+ h ™)

W
(==}

N9
AR

C5 C7 C9

VRREIA K

Cl C3

T :BG 2 B 4 B 11 i s BXY L 2 B-ACHE M 5 CBH 0 £7 4 MK i 1 s NAG Oy £l 2 S A B 5 LAP Ay 5 2 IR A R IR g
4 AREFMERRYE T ERBEREXEEEMABEREXEEEESL
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