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Conditions in Different Climatic Regimes

HUANG Weigen" %, NI Haowei'" 2, HUANG Ruilin"?, WANG Xiaoyue', SUN Bo|', LIANG Yuting" '

(1. State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 211135, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

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. = Objective 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,
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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.

Key words: Increasing hydrothermal conditions; Soil organic carbon; Microbial necromass C; AMNC/ASOC; Mineral protection
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Table 1 Climate and soil physicochemical properties at three sites
X MAT/ MAP/ Clay/ TN/ Feot+Alo/ FeptAlp/ Cag,/
pH (H0)

Site C mm % (mgg!) (mgg") (mgg") (mgg")
W& HL 5.1 529 21.83+1.13a 2.5+0.02a 6.67+0.24a 6.5240.06ab 2.1840.21a 9.97+0.42a
E FQ 13.6 604 22.64+3.17a 2.17+0.02b 6.37+0.10a 6.64+0.27a 1.57+0.07b 7.7240.81b
[ YT 17.3 1783 22.53+3.45a 1.90+0.09¢ 5.40+0.03b 6.09+0.21b 1.2040.14c¢ 6.39+0.33¢

TF: MAT, E¥i; MAP, 4EREK; Clay, RIS E; TN, LIRS FeotAlo, JoEBISERIRAIY ; FeprtAly, Z5E6BHA;
Cagye, SCIRAHGES T3 B P HAARMEZ IR (n=3), RHAIHPIRIr 220 Fl HSD £ 5 A A [ 156 X BB 2E A7 00, A
[8] B9 /NG g4 ] — A% R B X B) 72 0.05 K- B B 255 (P<0.05), F[E. Note: MAT, mean annual temperature; MAP,
mean annual precipitation; Clay, soil clay content; TN, total nitrogen; Feo+Alp, poorly crystalline Fe and Al oxyhydroxides; Fept+Alp,
organically complexed Fe and Al; Ca,,., exchangeable Ca; Data are as the means = SD ( #=3 ), and statistical analyses was performed using
one-way ANOVA and HSD test. Letters indicate significant differences in sites. The same below.

2 HERXHEYEEESERER

Table 2 Microbially enzyme activities and plant properties of three sites

X 0-GC/ B-GC/ NAG/ PB/ Straw C/N
Site (nmolh™-g™") (nmolh™-g™") (nmolh™-g™) (kgm?)
e HL 71.36+4.15b 73.37£10.77b 32.49+3.36b 13.010.63¢ 20.47+0.33¢
#HE FQ 80.52+5.95a 78.17+1.63b 47.27+1.68a 15.95+0.31b 23.21+0.87b
JE® YT 88.82+5.47a 117.1245.57a 51.50+4.39a 20.18+1.86a 25.21+0.12a

{E: a-GC, o-M#EMHA; B-GC, B-MHMH A ; NAG, N-ZWt-p-D-ZALM AW EE; PB, HEMAEYH; Straw C/N, HiEAE
A L. T, Note: a-GC, o-D-Glucosidase; B-GC, B-D-Glucosidase; NAG, B-N-Acetyl Glucosaminidase, PB: Plant biomass.

The same below.
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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 Fengqiu and Yingtan at the 0.05 level

(P <0.05) . The same below.
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Fig. 1 Effects of increasing hydrothermal on soil organic carbon

HIAERRIE T (AEARZE i fidt RS RERR C/N; PCA
2R 74.2% ), FS i E MR A5 R 7 R
GUREIR, WUEY AR R R B K SRR
B , BEAT ) ORI RN R R,
FERON A 0.64 F1-0.57 5 FK PAEAFHE ik T LA a3
AEA™ W DR 47 R 1) 122 81 4 2R W B PR R AR i R, L

BN N 0.17 (P < 0.05) (K 2b), Ak, Hitk
P G R 8 3 5 A ) R A Al 8 2 R T W G
FRo JTEIRI T IS AR T KPS A P O
PAE VY B BRI TP B W R A R A 2 3 e ) i
YER o FKISE I Fne™ $y D8 4 0 il A= 0 3 A it 43 2k 3
R 23 (8] AR 5F 5THR R L 83.7% (K] 2¢ ), X MIGIE T

http://pedologica.issas.ac.cn



1266 + o IR 61 &
x3 WMEVMERABRRAKERSEY. FEVERZRMBXELI T ERREBMBXMEL D
Table 3 Correlation analysis between AMNC/ASOC and biotic and abiotic factors (Spearman’s correlations)
AR ¥ Straw
MAT  MAP Clay N pH  FeotAlo FeptAlp  Caexe a-GC  B-GC  NAG PB
AFactor C/N
MAP 1*
Clay 0.67*  0.67*
TN -0.82* —0.82* —0.42
pH -0.71* -0.71* -0.63*  0.81%*
FeotAlp -0.55* —-0.55% -0.21 0.53*  0.75%
FeptAlp -0.62* -0.62* —-0.37 0.84*  0.95%  0.83%
Caeye -0.75* -0.75* —-0.33 0.72*  0.81*  0.80*  0.87*
a-GC 0.63*  0.63* 0.27 -0.69* -0.80* -039 —-0.70* -0.60*
B-GC 0.42 0.42 0.19 -0.60* -0.61* -0.30 -0.51* -0.36 0.53*
NAG 0.79*  0.79*  0.63* -0.83* -0.88* -043 -0.78* -0.70*  0.97*  0.78*
PB 0.68*  0.68* 045 -0.23 -0.68* -0.75* -0.80* -0.52* 0.54* 0.46 0.57*
Straw C/N 0.74*  0.74*  0.51* -0.63* -0.52* -0.25 -0.30 0.21 0.08 0.63*  0.63*  0.70*
AMNC/ASOC 0.69*  0.69* 041 -0.38 -0.63* -0.72* -0.71* -0.68* 0.55* 0.32 0.74*  0.67*  0.79*

e TR R AS B Z B A R S A OCHE R A, SRR A AERETE 0.05 /KF i #5456 . Note: The Spearman’s r coefficients

were reported, and * represent a significant correlation between two variables at the 0.05 level.
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bootstrap P = 0.74,GFI = 0.99,RMSEA = 0.003 ; [l ¢ 7K #4381 5 5 W) LR A7 % 1026 M 3 A B 2 3 2R 119 VPA 43 #7 - 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=10.99, RMSEA =0.003; Fig. ¢ The

variance partitioning analysis of increasing hydrothermal, mineral protection and AMNC/ASOC.
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