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Abstract:  Objective The accumulation rate of soil organic matter directly restricts the improvement of productivity of Pinus
massoniana (Masson pine) in the process of vegetation restoration in eroded red soil area. The way to solve this problem has been
an inevitable development process of Masson pine in eroded red soil area. Heterotrophic respiration, an important part of soil
carbon emission, is a key factor affecting soil organic carbon accumulation. Therefore, it is of great significance to study the
effects of Masson pine plantation restoration on heterotrophic respiration and its temperature sensitivity in eroded red soil areas.
This will enhance our understanding of the carbon output process and effectively increase soil organic matter accumulation in
eroded red soil areas.  Method In this study, Masson pine plantations with different restoration years (Y0, Y14, Y31) were
selected as the research objects. The effects of vegetation restoration on soil heterotrophic respiration were studied by separating
and measuring different respiration components and combining with soil factors such as soil organic carbon, total nitrogen, soil
temperature, water content and litter. The structural equation model of heterotrophic respiration between litter, soil temperature,
soil nutrients, soil microorganisms and heterotrophic respiration were established to analyze the correlation between heterotrophic
respiration and environmental factors in the process of vegetation restoration, and to explore the main factors affecting
heterotrophic respiration.  Result The results showed that the heterotrophic respiration (Ry) of the pine forests with different
recovery years differed significantly. The Ry in site Y31 was significantly higher than that in site Y14 and Y0. The Ry in site YO
was only 0.99 ymol'm *s™', while in sites Y14 and Y31 it was 2.20 and 2.80 umol'-m *s™', respectively. Temperature was the
main influencing factor of the seasonal variation of heterotrophic respiration, explaining 40.6% (Y0), 62.2% (Y14) and 66.6%
(Y31) of the seasonal variation, respectively. During the restoration process, the temperature sensitivity (Q1o) of relative humidity
increased significantly, which was 1.58, 1.93 and 1.82, respectively. The relative contributions of Ry to total soil respiration in
different recovery years are 77.94% (Y0), 70.84% (Y 14), and 77.35% (Y31). The structural equation model showed that soil
organic carbon (SOC), temperature and soil microbial diversity were the main factors affecting soil Ry during the restoration of
Masson pine. SOC and soil microbial abundance significantly correlated with Ry, and soil temperature varied with vegetation
restoration which significantly and negatively correlated with Ry.  Conclusion The results of this study indicate that the
accumulation of SOC and lack of effective physical protection during Masson pine vegetation restoration increase the
decomposition of SOC by microorganisms; On the other hand, the reduction of soil environmental temperature, a continuous
increase of bacteria and fungi abundance, and an increase of Proteobacteria, Ascomycota and Acidobacteria in the community
further aggravate the microbes to the original strength of soil organic matter decomposition. Consequently, the continuous
increase of heterotrophic respiration related carbon emissions limits the improvement of carbon sequestration efficiency of
Masson pine forests. Therefore, the strong soil heterotrophic respiration in the eroded and degraded red soil area may be the key
factor limiting further improvement of soil organic matter.

Key words: Vegetation restoration; The temperature sensitivity (Q)o); Heterotrophic respiration ratio; Microbial diversity; Soil
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Table 1 General information of the experimental sites

) B E Rt TRHE I Coverage of  HIEAHLHK Soil
Fe it DTl SR 4% Total
Mean DBH  Dicranopteris dichotoma  organic carbon /
Sample plots ~ Dominant species Mean tree hight / m nitrogen / ( g-kg™")
/ cm / % (gke)
Y0 LM, 3 1.7+0.2¢ 4.9+0.7¢ 15.00 £ 2.05b 6.57+1.21b 4.60 +0.06a
Y14 Pinus massoniana 9.0+ 0.4b 9.4+ 0.4b 90.00 +2.16a 11.06 £ 1.28a 4.33 £ 0.04b
Y31 Dicranopteris dichotoma 14.4+0.9a 143+ 1.1a 85.00 + 0.94a 13.08 + 1.24a 4.53+0.02a

e FHE b2, YO, Y14, Y31 0 3R RIG B . IR 14 SERIRA 31 4F o AN[R)/NS SEREFR IR AN TR PR 52 AF R 1) 19 22 5
23 (P<0.05). TIA, Note: Mean +SD. Y0, Y14 and Y31 stands for no ecological restoration, 14 years of ecological restoration and 31

years of ecological restoration, respectively. Different lowercase letters indicate significant differences in restoration years ( P<0.05) .

FoKE, KAFH 7R EERST ( SK-250WP, Sato
Keir-Yoki, Kanda, HA) M@l 5 em IR,
T A - R i ASE I 3k, BOPIAA

TERRN KGR, BEPLAT B 5 1> 80 cm x 80 cm
AR WAE , WA H —ooE IR MY, It
TP, &S E N ESKETTR SN A%
Wik RN S em LBG7E R HEREHLIL 6 4,
FOK AR 1 h, VTS, IR R T 2 mm 4047,
T 65C U IR H T Y B, AFFFEIT R 5L
Pk 10 em HIEREEAMR &, FBS, FIH 2.5 cm +
B iR S” BUREHLE L, IRE AR IR AR ]
SURE, RBRURA . AR DL R TR A, O
B4 KT DA 88 . A&, 1 D — 84 R R
UKFEDRAE, T RIERUZEY FREEIE . SR RA T
Z /3 H7% ( Elementar Vario MAX, fHE[E ) X444
AR G ETIE . R)2 AR
Bl 1.

S v A AR AR SR AT ELZNLA ®soil i
##& ( Omega Bio-tek, Norcross, GA, EH ) X+
HE D DNA #1788 $#28U5 DNA F|H NanoDrop
2000 FEATHREEFNAEEERI , FIFH 1% IR EE R
VKFEHLFE 5 Veem™, HLPKAF[E]2) 20 min K57 DNA
PEEUT R . 280 Sl RS DN S 38 B0 A Br i AR Sk
Z g EEHEEYE AR AR F R A Tlumina
Miseq il J7-~F- & #5478 12 i e o
1.3 #HEHSW

- S W AR S o H e Bk, WX
(1); - SEnFu 59 DL R 80P 5K 43 & i ¢
R R TR EOBAL (X (2)), LR (KL (3))

HEATIUA 3 Q10 13T ] Fang Fl Moncrieff! O 4554k
W (4) 5 SFRIFWFTEAL I (5) 5 R
T i RAL AL SOC fif N - HE 5 FR IR0l 38
FIF SOC brfE Ak i 52 I Wi i ( Ry ) T8 A ik
s, W=l (6).

R=Y"2ae"" x3600x24x(12/100 000) (1)
Rs = ae"” (2)
Rg = aW+b (3)

A, RN HIEIFIAEE R, gm >a'; Re N IEIF
Wk, umolm sy TH 5em HIERE, C; W
HEFKSER, %; a. b HFERE.

Qi = ' (4)
H. = Ry/ Rx100% (5)

AP, Quo Jy BN UGR BERURE s He S IRARTE
ity TSP IAR S R LA, %5 Ry SRR IEIRGE

=

B, gm?al,
Ry / SOC = Ry /SOCP (C) (6)

K, Ry /SOC K SOC #ifEALIY Ry, g'm; SOCP
(C) N 0~10cm +HEFHRRAERE, gm?,
ASC A B YR Excel 2019 9125 Ab 3
BIRGEH R F SPSS 25.0 A4t , iz A
FJ7 20T RS R 2 Bt 3]+ R EAR P . AR

http://pedologica.issas.ac.cn



1160 R

60 %

A ED . IR R R D S T
HORM S, B RER (Pearson) #HE R BT
Bds Z BRI AH G, BE K3 N P=0.05, #H
KEI R Origin 26.0 56 8. KIFR A EHE 0T
BIE+ARER

FIH Amos 24 #7454 Jr B (SEM) 43
Mriddsy . LR L3R UL A
HRFWWZ BB R, 5D BB MIKE
AR R RN R EEN T, RS
AHXT BTHR

X BN X
Control plot

R

Soil temperature/°C.
[\
(=)
T

L
56 7 8 91011121 2 3 4

40 Xif BN X
Control plot

AR KR
Water content of soil/%
[\

(=)

T

|

1 | 1 | 1 [l 1 1
8§ 91011121 2 3 4
A 1y Month

21 AEHRERNBLIEREFMKSISENTH

AN TR 52 e 30 A ML K 43 B ik 2 1 AR A
A8, FeE ORI BTE 7. 8 A, TR
FEHMBEE 1 A (B 1), H8ESKETE S H g
B, 762 AR (B 1), FZEarRM, Mk
A X R 5 /N DX RITNT B /N DX PR 9L B 7K 43 T ik 25 5 Tl
( P>0.05), H R /N Fbg B /N X e e gh s | K
SrEmIiEZES (P>0.05),

PR /X —O0— Y0
30k Isolated plot V14
25 TR R —A—Y31
20
15+ S|
10 IR N R TR R B B T 1

56 78 91011121 2 3 4
401 PR s /X —0—Y0
30k Isolated plot —O— Y14

—A— Y31
20+
10 5
O 1 1 1 Il 1 L 1 Il Il Il 1 1
56 78 91011121 2 3 4

A 1y Month

. RiRZEL AFRER . TIH. Note: Error bars in the figure indicate standard error. The same below.

BT AR A2 A FR A St B2 A0 - e A RR 35 Kk i A 3h 25

Fig. 1 Monthly dynamics of soil temperature and soil moisture content in different restoration years
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Fig.2 Comparison of Masson pine litterfall, root biomass and fern litterfall in different restoration years
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Fig. 3 Monthly dynamics of soil respiration in different restoration years
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Table 2 Annual soil CO; efflux and pro-portion of different components to soil respiration

A AP A 1 HP 4
‘ [ F 0P L SEFEREIL L
FEHb Annual soil respiration  Annual heterotrophic Annual autotrophic
Autotrophic respiration Heterotrophic respiration
Sample code flux respiratory flux respiratory flux
ratio RC/ % ratio HC/ %
Ry (gm?Za™l) Ry/ (gm?Za™l) Ry (gm?Zal)
YO 493+42b 383+29c¢ 110+14b 22.06+1.26a 77.94+1.37a
Y14 1221+73a 850+39b 371£111a 29.16+4.16a 70.84+6.97a
Y31 1391+41a 1 079+63a 312+22a 22.65+2.13a 77.35+2.24a
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Fig. 4 Histogram of operational taxonomic units ( OTUs ) abundance of dominant species of bacteria and fungi in different soil phyla

classification levels in different restoration years
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Fig. 5 Relationships between soil temperature at the 5 cm soil depth and soil respiration rate in different restoration years
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‘\L T

T MBI F5RRITWARSCHE (R?=10.94, P=0.141, RMSEA=0.00), P, SCRFORIERN, BEFRTEN, §Fkhgm
FURWIRT . Sk SR O R RG R FR MRS AN RMSEA SRR EH IR *, P<0.05; **, P<0.01; ***, P<0.001.
Note: Correlation between environmental factors and heterotrophic respiration ( R?=10.94, P=0.141, RMSEA = 0.00 ), Continuous or dashed
line indicates positive or negative relationships, respectively. The width of the arrow indicates the strength of the effect. The digits besides the
arrow are weight coefficients; R stands for the size of the variable and RMSEA for root mean square error of approximation; *, P<0.05;
** 0 P<0.01; ***, P<0.001.
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Fig. 6 Structural equation modeling simulates the effect of each factor on heterotrophic respiration
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Table 3 Comparison of heterotrophic respiration and its relative contribution among different vegetation types in subtropical monsoon climate

region

A

FE# AL socC/ Rs/ Ru/ 75 Hk
Geographical Ru/Rs/% Ry/SOC
Vegetation type (gkg') (pmolm?s') (pmol'm?*s™') Reference
location
WLl % B Ak 18.80 2.51 1.60 63.6 0.30 [11]
Linan, Zhejiang BATA 16.90 3.00 1.97 65.8 0.35
TR I AR 9.50 2.34 1.55 60.52 0.71
o [12]
Dinghushan, fan L N 15.70 2.45 1.78 66.71 0.53
Guangdong 25 ]XUH 2t ] i AR 27.0 2.60 1.88 55.48 0.40
= K& XK AR 9.89 231 2.10 72.91 0.22 [13]
Sanming, Fujian EARNT AR 17.36 0.62 0.43 66.22 0.10
= PN FNEW N 29.84 3.48 231 67.5 0.25 [14]
Sanming, Fujian RN TR 2291 2.45 1.72 75.9 0.25
o RIAHLHD 6.57 1.28 0.99 77.69 0.41 ESIEH
HERRIT
RN T AR 11.06 3.17 2.20 69.59 0.65 This study
Changting, Fujian
RN T AR 13.08 3.61 2.80 77.55 0.69
WLERIA [15]
LRI)ESY VNN 22.70 2.48 1.47 59.56 0.16
Zigui, Hubei
o AR bk 37.83 1.62 1.12 64.35
WAL w22 o
[ RIS N 30.23 1.78 1.11 57.01 [16]
Shennongjia, ‘ -
TR A 54.59 1.73 1.17 63.97
Hubei N
RIA=TIES LN 56.09 1.35 0.79 59.24

H: Rw/SOC fREEFIH SOC FrifEfb i 5 2 F I8 3 ( Ry ). Note: Ry/SOC stands for heterotrophic respiratory flux( Ry ) standardized

using SOC.
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