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Abstract: The Mollisol in north-eastern China is rich in organic matter, which supports high crop yields and
agricultural production. Soil organic carbon (SOC) is the largest carbon pool in terrestrial ecosystems, which
responds to climate change directly affects the global carbon cycle. Understanding the response of SOC to increased

hydrothermal conditions is important for soil conservation in the context of global climate change. [ Objectivel
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This study aimed to analyze the response of SOC to long-term increasing hydrothermal conditions and their driving
factors. [Method] Based on a soil transplantation experiment, large transects of Mollisol in a cold temperate region
(Hailun, HL) were translocated to warm temperate (Fengqiu, FQ) and mid-subtropical (Yingtan, YT) regions to
simulate the increasing conditions of MAT and MAP. The experiment was started in 2005, soil samples were
collected in August 2013. The SOC and microbial necromass C (MNC) were measured to investigate the changes
and drivers of SOC after 8 years of increasing hydrothermal conditions. [Results] The results showed that the
increased hydrothermal conditions increased plant biomass, litter C/N, and potential activities of hydrolytic enzymes
while decreasing the content of SOC, MNC and soil activity minerals. Moreover, the contribution of MNC to SOC
also decreased as hydrothermal conditions increased. The ratio of AMNC and ASOC was calculated to characterize
the change in microbial necromass C per unit decrease in SOC, which could be considered a quantitative
representation of necromass loss efficiency. AMNC/ASOC increased with increasing hydrothermal activity, with
values of 72.50% + 9.35% in FQ and 82.67% + 2.37% in YT. The correlation and Random forest analysis showed
that AMNC/ASOC positively correlated with the changes in MAT, MAP, a-D-Glucosidase, B-N-Acetyl
Glucosaminidase, plant biomass and Straw C/N, while negatively correlated with the changes in pH, poorly
crystalline Fe and Al oxyhydroxides, organically complexed Fe and Al, and exchangeable Ca. Structural equation
modeling (SEM) indicated that AMNC/ASOC increased with increasing hydrothermal conditions, while decreased
with soil mineral protection, with standardized coefficients of 0.64 and -0.24, respectively. It was confirmed in the
variance partitioning analysis (VPA), which showed that hydrothermal conditions together with changes in soil
mineral protection explained 83.69% of the variance in AMNC/ASOC. The above results indicate that hydrothermal
conditions and soil mineral protection play decisive role in regulating AMNC/ASOC. [ Conclusion] In conclusion,
long-term increases in hydrothermal conditions reduce the protection of MNC by soil minerals and/or stimulate the
utilization of MNC by soil microorganisms. As evidenced by increased soil N limitation that allowed microbes to
decompose more MNC and weakened the conservation capacity of minerals for MNC, contributing to the significant
loss of SOC by reducing MNC.
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873 BN RS TR AL A LA B 04, SRTAS T FT R, 7K A ks 8 1 AR -3 pHL
1 56 M AR P R - SRR 1 P X S PR A B B ST, SR ) 55 IR VR
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(CUE) H el B 267 58 2 OB AR (AT BUBAR R, M 5 H 3 rp R A TR )
SRZIN, S R AR ) S A IR a4, D B R R 3 R )
(221, FAIBAR C/N B3 /N AR, e H3eh S B R KEm C/N Bk
AL E o A B 22 I E R A SRR R 77 20 LU 2 B B 2B A i 8 7 22, W s 2 I 1E
BRI, TR 3 B E R AR 5 IS AT BB 5 ) S R B 1025, TRk, B i
TSGR S AR, JCH R A E D A LB 73 e AN A 7 2 A XU
f e, AT A LR 2 B ASAL It 2B R A LB

KM -3 7 BRI R B IR AT R KRG I B HA R TR g
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SHEPAERIEE, IR S A RGE S M E & PR 2 IR E kAR, IR
R BB R LASAEDDRAR IO T 2) B T8 M0 OR3P IR 1 S E S Sl E AR A T, 7KK
RIS VR P I A 2 B 2B MR A AR R I R o AL, FRATT TN K 24
G InHs A i PR Al A S T 5 B et BT LRSI % i LA O B A /K IR A% A 1 4
JIn T HE55 o

1 MRS 7

1.1 it

2005 £ 10 A, 7 E BRI A EACA HAES RS E KB ANREE AT 70k R 4E 9 4
0~100 cm H3EHH . FARIEHIETII ) 528, 2 5 )2 (20 em )2 RE LI, REBS
ERAR AL (FAO) -850 Fhnte, REM LHENEM L (Mollisols). Hrf, 3 AR
sy, HAh 6 2170 74 F% B B0 R B VTP R AN A AR S R G [ S AR A 7T
i, AT S5 15 5 P N B 5 A 25 A (RTINS 0 PR o AR Sl R JE IR A VU (N
47°27',E 126°55"), EJIE 5.1°C, FE[EM® 529 mm; FH 3G (N35°03/, E 114°23") ARZIR
WA RAAE, EEIR 13.6°C, M E 604 mm; [EE Y (N28°15, E 116°55) NI HHZ
AR, R 17.3°C, FERFEWE 1783 mm..

TERFARIGIE 2857 9 ANMKTEHL (1.4 m Kx1.2 m $ix1 m ¥R, WEEZE &5 JE R FiKAm,
IR 3 om JE B RVE, FORFE R T L 2 0076 H R KIE ORI . 2006 F35
IR B K. EHIERE 8 )G, T 2013 4F 8—9 H E KRG K& T 9 #r B4+ 15k
i (3 A3, 3AER) ATHER . AR E (2 em) #5745 SURFEE REGA X
0~20cm R+, BRETHFRARAKREMRRG, WERE, NS 4 CLRA7H [
SR, 220 CCIRIRARAT . 7EPI R P B BES T BR VE FET T 04
1.2 HIEVER U E M RNE

T A HLR (SOC) 7 &K H HES R AIE I E ; A% (TND & &R A i gL I e
pH KA BR BRI 2 (B /K 1:2.5); FRL (Clay) & &% F Miller I SchaetzI71# 1A 1) 77 7%
BEATIE:: ¥4 0.5 g LR —A 25 mL (HEE T, A 8 mL50 g L' 7N ImiER . 2 h
J&, BT RESE T 30 kHz FI A RIS KIS 15 min. BEJG, B HIEEBRMESRIREE
900 mL Z&TH/K et v, FHBOGCHT SR BE 23 BT (Mastersizer 2000, Malvern Instruments Ltd )
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BEAT IR . AR SE B 850 I8, K /T 0.002 mm RIIURL 250 T3 AR
1.3 &R BUNE

FKBERJE R E350 5, 70 CCHIMARIE T 2 1E E, FREMEAMERAEY B
. WS —H 2RI CZE 28 (vario EL cube, Elementar Analysensysteme GmbH) i
I R AR IR I R Bk i, — 0 SRR IR T S F IR B A OO s S A &, TR A
HRBR L o
1.4 TIREEM ST NE

K FRAELRZEIEN 2 25 8 BRI = R0 /MRS 1 o-1,4-F0 05 RS Ca-
GC). B-14-Fi & MEHFEE (B-GC). N-ZJt-p-D-Z I & M (NAG) 281, 3R Lifg
HEAEVIRH AR AT AR S (RE . 7 96 FLMILIR L E 2 A5l brifk
FL FRORE AL, A LFEEAT 4 IREENE, {8 B PR (Varioskan LUX, Thermo, USA)
76 450 nm K ALIEAT R E -

SR FH BRI R R e Vs R B A R 1 T s B R AR ) (I Feo 5 Alo D 1291, fif F AT IR
BN RIS A A5 I BREE (I Fep £ Alp) POV, A5 FH G40 B - £ REVE TRAR BUSE 3 4545 B9 1 (Catexe )
B, $EHUG, i H BB A S S FAR I (JICP-MS) (NexION 350x, ICP-MS Spectrometer,
PerkinElmer, USA) X H2EL FIBOEAT 2 5 0 M 45 21 - 88 e (0 o3 & 40 40
1.5 TIEMAEMFRARENE

TR SR I K AR A FTAEAGE S SR T E  (Agilent 6890,
Agilent Technologies, USA) 321, HARHRAEDIRIIT: ¥4 0.5 ¢ HEEE ThnSZdRH, A
10 mL 6 mol-L- FIEEERIE, EMEAR T 105 °C/KAR 8 ho SEHUKMM, WIRIRG BN EHE
M. B 0.5 mL LiEWEBEFE T, A 100 uL 1 mg-mL! (INLEEAR CHFR 1), iRiE
J& Np 7K (40~45°C) IRT o ZIREE G M BEEAE RN 0.5 mL 2585 1/K, Wt i,
TRNE G 4RSE N2 7K (40~45°C) MRF. FEIREH I 100 pL 1 mg-mL-" 1) N-F 357 2 4 %
IR (AR 2), No/Kift (40~45°C) WFo FEMRTBIFE M I 300 pL BFTAEGR) (itkig
-HEEST viv=4:1), INaiZE, WiE 30 s TRATJETE 75~80 °CKE INFA 30 min, fn# R
Vi TR WHIEIEIRG, A ImL SRRE, MaaZE, iniE 30 s IRAJETE 75~80 °C/KIB N
25 min, MRS 5 K. BEIG, A 2mL AR EEREATAY . BEAE
RER OB R R ATAE R B AR FERTAEYIHIIN 1 mL 1 mol- L (AR ERAR, iR
WE30s, FESEE, 2k EETIAE. PR A 1| mL £B KA VAR T
0, MOPBRES SR, e —kigmd, Rualgefsl FETHIAE. FEERTE 45°CTF N2
IKIBWRT, IO 400 pL () 282 ZFg-1E Ckt (viv=1:1) S28iRfE, @it ik isosfir 41k
FENEAT o3 B ARSI o
1.6 BB S ST

TR AR E B AT

GluN 2 X MurA
ENC = (179.17 T 25123 ) X 179.17%9 ()
BNC = MurA x 45 )
MNC = FNC + BNC 3)

A, FNC (Funginecromass carbon) N E B 7 /AKH% (mg-g ' soil); BNC (Bacterial necromass
carbon) NANEE AKX (mg-g'soil); MNC (Microbial necromass carbon) JYfUAE Y05k Ak
(mg-g" soil); GluN NZ L E B, H o 75808 179.17; MurA U IBERR, Hoop 80 251.23;

9 FlI 45 4354 FNC 5 BNC {5 251,
KH R (v 4.0.1; http://www.r-project.org/)5 SPSS Amos (SPSS Inc., Chicago, IL, USA)# 17
Hm b o Bl 1L 50 A0 507 25 AR SR e, (8 R R 307 Z2 20 1T (one-way ANOVA)5 HSD
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KU At AL B 8 RIS IAE . B . IR LR P A NI A I AR S R 2
(P<0.05). 3 T PRIUK IG5 A4 HUBRFEAR T A= M5k s g D R E ROV E Wk A
BRI SR A, I8 22 (00 T3 HURRAN B E i a5 AR ) e Sile . S AR 2
[IHEAT W 2208, 13203 B 5 8RBT HLAMNC/ASOCRY,  HFIHMAZFEA ¢ ki3 (t-test)
P = ZESR (P<0.05). M BIREMRNES Pt A AR EVR R SRk ik
BRA I R A RN o R AR M R 25 AW ARZEW I 7 5 A DR AR T 1 R A AT
BEHLARMR T . e, (R BEAUARAR A B35 MK I Ry HE . BRSPS
A PR AR SR T R AT S5 TR (SEMD 08T WFFELE AR RS, %
T3 3T IR ER A R RS AR AL . AT Z 0 i (VPAD B UK g 51~
DRI B Tl A B AR 457 3 4 2 ) 2 S5 P P DR

2 45 B

2.1 RSB IR BANERE I ERVFR
ARSI 2 PR 7 3 pH. 2% BEUESHRBEMNY) (FeotAlo) « ZEEHE
(FeptAlp) HAHETE T (Cace) WIEE, HEZFRS VKB (oA, p-
&P A N-Z8E-B-D-2 A H A B ), JFiRm MEY AN E S B ON (P <
0.05) (£ 1. £ 2,
xR 1 RIEXSIRFFAER TR FR
Table 1 Climate and soil physicochemical properties at three sites

X MAT MAP Clay TN pH(H20) FeotAlo FeptAlp Caexe
Site [°C___/mm 1% /(mg-g™) /(mg-g™) /(mg-g™) /(mg-g™)

e HL 51 529 21.83+.13a  2.530.02a 6.6720.24a 6.52#0.06ab  2.18#0.21a 9.97#0.42a

#E FQ 13.6 604 22.6443.17a 2.1740.02b 6.3740.10a  6.6440.27a  1.5740.07b  7.7240.81b

& YT 173 1783 2253#3.45a 1.9040.09c 5.4040.03b  6.0940.21b 1.2040.14c  6.3940.33c
i MAT, 173, MAP, SEFEK; Clay, Rk & &; TN, 2325, FeotAlo, JoiE M ASBM ALY,
FeptAlp, 8558840, Cacxe, LHASTE T B - FIMHELFEZE RN (n=3), KRHBERRTTES M
HSD £ 5 H B AN RS X Bl #4720 47, AR /NS ARG A — AR5 X IR 7E 0.05 /K-F ERAG R
HZR (P<0.05). F[E. Note: MAT, mean annual temperature; MAP, mean annual precipitation; Clay, soil clay

content; TN, total nitrogen; Feo+Alo, poorly crystalline Fe and Al oxyhydroxides; Fep+Alp, organically complexed
Fe and Al; Caexe, exchangeable Ca; Data are as the means + SD (n=3), and statistical analyses was performed using
one-way ANOVA and HSD test. Letters indicate significant differences in sites. The same below.

2 IR XA Y E M AR R

Table 2 Microbially enzyme activities and plant properties of three sites

X 0-GC B-GC NAG PB Straw C/N

Site /(nmol‘h™-g")  /(nmol-h-g"")  /(nmol-h'-g™") /(kg-m2)

e HL 71.36+4.15b 73.37+10.77b 32.49+3.36b 13.01+0.63¢  20.47+0.33c
#HE FQ 80.52+5.95a 78.17+1.63b 47.27+1.68a 15.9540.31b  23.21+0.87b
JEE YT 88.82+5.47a 117.1245.57a 51.50+4.39a 20.18+1.86a  25.21+0.12a
VE: 0-GC, o- T & FELFEY; B-GC, B-Hl & WET HE; NAG, N-ZBE-p-D-Z L5 &) Wi, PB, fHRAEDE;
Straw C/N, Hb_E AR A L. T A . Note: 0-GC, a-D-Glucosidase; B-GC, p-D-Glucosidase; NAG, B-N-Acetyl
Glucosaminidase, PB: Plant biomass. The same below.

2.2 KRB IR IR B ERAI ST
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KA I 25 AR T IR S ik A& & (P<0.05) (Kl 1a. B 1b). BAfk
&, DR ERGIT 8 )5, MR ERERK T aNmEE, JFHRERE R L
AU S B A, AR S B IR A M R AR . AN, RUEMIRIAN A
BB ) O Rt B 2 7K S SR A R i i 285 P o o B R AR T E MR AR A i e, i — b
THE KRG IS A7 B LA T E AR 032 4E: AMNC/ASOC. & 1d " IL,
TR DB AIRAD R R B A K RS AR RO G DT S 25 5, ETERE ] T 82.6% + 2.37%.
XERW], IRIGEAF AL IR T A T AR e T 3R IR

a) 304 b b) 201
a
I < 5o 154
408 20 E o
B E %é c
=3 St
%‘g f_% g 104
WU
§ 104 _HE
54
0. 0.
W HL HEFQ EEYT B HL HEFQ EEYT
HiX Site Hu[X Site
9 6] a a 9
= b —
B2 5
=9 .
=3 22 80, ==
=2 M 23
=5 £z
® 3 §§
= 8 by 60
£§ 20 =
S
€3
0l . 40l
W HL HEFQ [ERYT i FQMER YT
HuX Site X Site

e [ a A b LIEA N SRCEMR AR S BEEAN UK INESR: B o MR IRBO LI HLER I STIRTE =N 58 X
MR B d AR TR R SR AE B AR 2 5. SOC,  LIEHHLRK; MNC, fAEME AR, AMNC/ASOC, tA:=45%
PRBRIIHE A o 3 7s Jof 0 T [ S A DR AR BT R TR AR 0.05 K EA B#FHMEZESR (P <0.05). R, Note: Fig. aandb
Differences of soil organic carbon and microbial necromass carbon content in three sites; Fig. ¢ Differences of the contribution of microbial
necromass carbon to soil organic carbon in three sites; Fig. d Differences of the change in microbial necromass C per unit decrease in soil
organic carbon between Fengqiu and Yingtan. SOC, soil organic carbon; MNC, microbial necromass carbon, AMNC/ASOC, the change in
microbial necromass C per unit decrease in soil organic carbon. * represent a significant diffierence in AMNC/ASOC between Fenggqiu and
Yingtan at the 0.05 level (P < 0.05). The same below.

1 K FAI oot - e HLBR 10 50

Fig. 1 Effects of increasing hydrothermal on soil organic carbon

23 AR AERSAY. FAEPRRBKER

NI T AR AR BR IR R TR 525 AR EIR ZR B OC &R, (TG DX A5 Fia A ) 22 (L 2
5 5 AMNC/ASOC HEAT TAHRME T 45 R BIR, AR MR IR ki 2 5 2 F AR )
DIARSG, B o-14- % BT RE . B-N- LBt a 2 A i . Mg EME. B3tk CON 1
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BEINT R 5w (P <0.05). BeAl, GUEVITRAARBI S A2 b 4 e AL A & (AR A T AR AL -
HEHR. FROKEZIEMXKR, SEEERERERR, MESNLE pH, e
PARSEM . SEEERE. THREWE TS BRI R E R (P<0.05) (R
3,

R 3 MEMRABRIRAERESEY. IFEMRZMBEXMST HE/REMEXMS)

Table 3 Correlation analysis between AMNC/ASOC and biotic and abiotic factors (Spearman’s correlations)

. Stra
AT var MY cy TN pH FeotAl  FeprAl ¢, o GBC NGA PB w
AFactor 0 P C/N
MAP =
Clay 067 047
™ 082 082 042

* *
pH 071 071 063 O
* ¥ *
FeotAlo 055 055 021 033 075
% *
FertAly 062 062 037 O3 095 e
% *
Caue 075 075 033 072 08 gg0 gy
* *
0-GC 063 065 937 060 080 039  -070% 060
* * *
y y 0.53
p-GC 042 042 019 060 061 030 -051* 036 O3
* *
NAG 079 079 08 453 o83 043 078 o070 O OB
% % *
PB 068 068 445 023 o068 -075¢ 080+ 052 2% o046 O
* *
saweN 04 0740316 050 025 w030 021 o0s 08 06 070
* *
AMNCASO 009 009 041 038 063 072 o7 oes %P oz O 0T 0P
* *

T R HCE NS AR R (R 1B R AR S R AL, * ORI R RTE 0.05 KF L2 H1 5K  Note: The Spearman’s r coefficients
were reported, and * represent a significant correlation between two variables at the 0.05 level.
2.4 WE TR AIRIR IR E AR E M E =
A5 FHAH DA 23 i 2 25 AR R R 2 7 BEATLARAR BB . R 350R . o A AR A
SEA AR M EIPREAR O/NL ACH S B T B35 RS T E R AR R R R (P<0.01),
HUGE PR a-1,4-% & PEEEE 5 NAG BHE M (P<0.05), 11 pH A G2 (P>0.05)
(El 2a). K BEMLARMR IR IL AR TR 7 AP, FHXAS R 00 1728 A5 FH 32 A 2 A A 7 28
—ANER AT RAE: KPR CGERRAERFKE; PCA RFE = 99.6%). H YR
(Feot+Alo, FeptAlp Al Cace; PCA BT 77.4%). EEIEME (a-GC A NAG i&tE; PCA R
& 72.9%) MMM CGEPRAEY S FAEAR C/N; PCA BRE 74.2%), Bl f5 &1l
MR ZER TR . 25 BTN, Sl R A B 2 T8 22 A /K RSk A I I 4 v, BEAT )
TR BIIE N R RS, FH A BN 0.64 F1-0.57; /K FAKAEE ik v] DU S B PR
PR B B A PR AR R T, HL RN 0.17 (P<0.05) (B 2b). b4, HEkE
PR RIS 1 S5 B A R PR A K T 2 T B35 0 R« T 22 R o BT IR 45 SR A 7 1 /K #33 hn i
W ORFPAE A 158 B AR i G A DR A B 2 o 28 1) B 24 FH o ZK A AN ) OR AP s i 2E
DFRARB A 2R 5 2 ) 4% 0] A8 S BT 0k 83.7% (] 2¢). IXMIGIE T BENLARAAT SEM 45
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R IKBGEAERNG W IRAP PP VPR A B0 SR T K DRE P 3R

&2
=
=
%

c)

AMNC/ASOC

~

044

N
| RB=077 ™

Increasing a . Enzyme
N AMNC/ASOC f+— 2.
hydrothermal i activity

b
-0.57
-0.30 -0.24
Mineral

40.58% 27.96%

4, FEYRT
Biotic and abiotic factors

* AMNC/ASOC protection
Var gé%llamed: 82.63% SRR KRR 1631%
TR ; Structural Equation Modelling
0 I 20 30 - HESRST )
EEE importance (%) Variance Partitioning analysis

B HL#% # 2> #r Random Forest analysis

T Ea Y. AR T SHCE PR SE A N LR AT, Var explained ZRRBIAINAMNC/ASOC AL IR
fie 71, RN UETARRTE 0.01 PR AR E R BAT R, *RoR AT RTE 0.05 KPR R AR AR B E
FAFRELW; b ARMSEI. HARYER. TORR . RCEYEEIE Y S R R BRI B R R 45 T AR 9 2/df= 0.55, P
=0.69, bootstrap P=0.74, GF1 = 0.99, RMSEA = 0.003; & ¢ /KI5 ) -4 S A D0 A iicAi 3 26 (¥ vpa 4347 Note: Fig.
a The random forest analysis of biotic, abiotic and AMNC/ASOC, ** represent the variable has a significant effect on AMNC/ASOC at the
0.01 level (P < 0.01), and * represent the variable has a significant effect on AMNC/ASOC at the 0.05 level (P < 0.05), “Var explained”
represents the explained amount of the model to AMNC/ASOC; Fig. b Structural equation modelling (SEM) of the increasing hydrothermal,
plant, mineral protection and enzyme activity with AMNC/ASOC, y%/df= 0.55, P =0.69, bootstrap P = 0.74, GFI = 0.99, RMSEA = 0.003;
Fig. ¢ The variance partitioning analysis of increasing hydrothermal, mineral protection and AMNC/ASOC.
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Fig. 2 Dominant factors that regulate AMNC/ASOC
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