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Abstract: [Objective] The tropical monsoon rainforest area has high vegetation productivity and strong
carbon sink capacity, playing a crucial role in the regional carbon balance. However, at present, the impact
of different management patterns of tropical forests on soil respiration and its components remains unclear,
which greatly limits the accurate simulation and assessment of carbon cycle process in this region under

global change and high-intensity human influence. [Method] The three management pattern forests in
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Xishuangbanna, Yunnan Province of southwestern China, namely the pure rubber forest, the rubber-coffee
mixed forest and the artificial rainforest with high tree species diversity were taken as the research objects.
By measuring indicators such as vegetation biomass, tree species functional traits, soil physical and chemical
properties and microbial community structure, the effects and mechanisms of different management patterns
of rubber forests on soil respiration and its components were explored. [Result] (1) Soil respiration, litter
layer respiration and autotrophic respiration all significantly increased with the increase of tree species
diversity in the forest land, while the soil heterotrophic respiration showed no significant change. (2) With
the increase of tree species diversity, the yield of litter and biomass of fine roots had significantly increased,
and the litter turnover rate had significantly improved. Both soil carbon-nitrogen ratio and true bacterial
biomass ratio decreased significantly with the increase in number of tree species. (3) There were significant
differences in the influence mechanisms of different management patterns on various respiratory
components of soil: the changes in soil autotrophic respiration were mainly affected by litter turnover rate
and fine root biomass; the changes in respiration in the litter layer were mainly affected by specific leaf area
and arbush mycorrhizal fungal biomass; while the soil heterotrophic respiration was mainly regulated by
biomass ratio of true bacteria and arbush mycorrhizal fungal biomass. [Conelusion] In the management of
tropical plantations, tree species diversity is a key factor affecting soil respiration and composition. An
increase in tree species diversity affects total soil respiration and autotrophic respiration by enhancing litter
yield and quality and increasing root biomass, and influences litter layer respiration by increasing litter
decomposition rate, changing plant leaf traits and microbial structure, and indirectly affects soil
heterotrophic respiration by altering the structure of microbial community.

Key words: tropical rubber plantations; tree species composition; soil respiration components; litter

turnover; microbial community; tropical rainforest; forest management
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Tab. 2 Physical and chemical properties of soil in sample plots
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Fig. 1 Total soil respiration rate and respiration rates of its components under different management regimes in tropical rubber plantations
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Fig. 2 Effects of stand characteristics, plant functional traits and soil physicochemical properties on total soil respiration and its components
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Fig. 4 Changing trend of soil chemical properties with turnover rate of litter
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Fig. 6 Effects of litter turnover rates and soil carbon-nitrogen ratios on biomass ratio of fungal bacteria, relative abundance of

arbuscular mycorrhizal fungi and relative abundance of ectomycorrhizal fungi



T FEBR I 85 FHTAR R ARA R 2B M 2ot - SR Je SL2H 3 PRI R 89
0.6 ;7 08Fp .
Fungi Rhs
S S I Rs Bacteri F-B
= " acteria
g g Ra AM
1 1
é é ,,,,,,,,,,,,,,,,,,,,,,,,,,, BCM. |
-0.8 b . i . . -0.4 Rl . ; . .
-1.0 RDAL1 (77.95%) 1.0 -1.0 RDAL1 (69.08%) 1.0

Fungi. JLHE 4 ¥)&; Bacteria 1G£8 ; AM. MBI IR S AR X 32 ; ECM. AME IR AN £ 2; FIB. K SAME AW E . FEd
S ARTR IR K LA 735 200 iy S AR B35 A 3R S L AL RO R
B7 R BEnp A gy 5 Hm R T IR AR 2 B

Fig. 7 Redundancy analysis of components of soil respiration and their influencing factors

RS, HAhk S IR R R TR, X5 X
SR BERR i B AT T A 18— B IR AR B AR il
o 8 5 SO 5 PR T BRORE T, X AT RE S P T
Iy AR VE R VE ) B DO AT A I 85 T LR B REE T
T AR AR P 23 A e P 2R B RV A o R
WA, BE e it ALK 2> 8, 7 A
A RS AGHIRTE U 0 R R ik A E A I
I AR o
32 AHEBRAARZERAN L EFREHESH
S0

SRR A 2L o PR ST R AN [ o RV )
JE PR S AR AR TR IR A o PRI /N s (B
FE HIAR BLAE ALy 4 A0 FRIR SRR AR X B
BETE A 1b) . L3 A FRIPIR 2R TR &
ARUE 2, Ham SR B R 2 B B
PRI 3 B e W], AR A= B0 B TR W) S B
WA, FeRE AR w EEHE TN R 4) . XA
AR R ZUE I RANR e, TR BB &, 23
T3 558 B TR PR o R o 2 R 5 R R IR R AL
P SRR, AL R A S M R SR AN SR A
R, AR ARG, AT R HETBOK B TR PR P, i
VPRI 3 il IR T E IR ITR AL AR, AR
AERIRBETE L IITR o W 2 AE IR e, AN [ AR A
IR PR E AR AN 78, 2E— 2B LA RVE M I 2 figt
AR, AR A R, SRR E SRR . [F
I, AHEL AR AERK, 4 BEFPIR SN AR A &L
FH AR R 4), A R $ 5 SR S 4R AR 1Y 2 TR &
AR 13 5, 7 B 77 IR 3 53R FR) A% L L A 20
A A= B AR LT AR SF B SRR 2 SR O]
(B 7)o X — B GAT REIR T M AR Hw 516 4
IR AN H BRI TS AE M o AN AR G il
LRI IR TR 22 190 2% e 28 i 3 R B TE ML PR
TR AR BRI REAT R, i) 1R R=4Q
WHETER, & P BUE FRIPIRER T .

I 75 ) J2 W W 2 1 A3 IR R (1 G S 2L i 4,
WA S I iR 2, KA PR LA CO,
W ES NG - R T e NI U = 2 04
RA R AR, JEE R ERE LA ER
(B Do DA BB LR X—IH G T
AE55 P D BE VAR, R ) B T RR (1 22 e 5 D) A
KB 2) . BENARMBIL RN o, HEY %SRS
Eb TR & 32 3 s B AR R R, B
Bl T RRRT I AR ot 25 2 S (A8, LR VR P8
FEIN H R 0 S R Y, 3 P R ) AR T 7K
VI G627 40 R Can 8 v IR K ME oK AL & 5 &
AR AR 2 5 B ED 55 W B AR 75k
ren FEVCECPY o 398G 2518l o 52 T ) V% 4 J2 PR R ) %
B, P R A S (B 5. A R ] Rl it
MR AL ) UM AU R ) 47 JE) e 3 i s e 4R 400 J 2 T
WL B3, i Ak, 1 4 JE PR I 5 R R I A A X S R
23 A OS] 7b), X TT RE 5 B AR L B 11 BB S 3R
M B VA G o B AR L BR 2 B s EAE AR R
WA AR VE VAR N H R R ORI, X — I R nT i
“Gadgil 3" 159 2|4 FL AR RS« B AR B0 I8 55 AR
RO I BROKAGE Y BHIR, B T L
P ZE S5 ZE ARG M, TR SR T TR VR Y 2
fife T 2R,

A5 3G A R 32 B R R IR Y o R
WU P24, o5 S IR 1) 57%-70% . 53 0 4lRk
AHEE, TRAS MR 2 PR Z 4 0 (B 1b) . BEHLAR AR
T 45 1) i 47 ) 2 2 R L - T R A o B 1) TN [
T 2, 3 B VR 52 AR T B I 18 V& 9 11 B 3 R A
A L AR R VR S5 AP, T O i L R
TAEIE , BEAh, 175 3 2 A Y S
Y B R b B R IEA DG (] 7h) o X 5 AR
I B it A7 R AIE 55 DDA DG« A5 b DM % fige 1)
Wt TR AN T A BN 3, IR SEBR 2 4y T 5 Wl BT BETE
FIFEY i 4 AR AN AR R & 2 5 e



90 1t

oMok R

¥k

47 %

PR DA ) R 55 5 B AR IS TR AR B 1R AT
AR AR I AE A R FR 20 26 AR 1 33 BT 10
AL T AR 8 AR TR R SRS
T A1 A T R 3 T U JIE R - e o BE O L

MRS REM A E R 2%, AT
BIR A e A A e 1 122 5 22 8 3 ) L 3R
WRARFAE o BB Ao, TR S MRATY 2 25 A0 T AR AR A, R
AEMRAT AR BE - SR W) (3 1, N - 5 5R U
o LRI ARME B IRTRMES RGN
GENEAFEEE L.

4 & i

FERHE MM ES RGP, ZHMERNAEER K
WERE TR LIREIRE AR Hoh, 5 IR AT
Ve J2 T B o 2 R PR T 2 BT X
SRR IO T ) E R AR, O
JE DRI 7 S - SRR IR L B AR B, ER
RO W Z AR DR, HREED ™
BB R AR T BLRR A AR R R I I SR B
R NS B & AP S5 3eS I A P /)= RS
(A0 T2 B2 VT o0 A R R DR sk
A2 oy B IE R RE I o TR 5T 3 JE Rl A e I
R YRR SR AR R, IR AR A
fre 3k - A WL IR 70 AR R AR P PR T o A
TR B g A [X 2 b B AR SR I A A L R
SEt T BE SRR, RIS 9 D0 #A 1 DX AR A 3
I REIE 7 2%

s £ X #

[ 1] Raich ] W, Potter C S, Bhagawati D B. Interannual variability in
global soil respiration, 1980—-1994[J]. Global Change Biology,
2002, 8(8): 800—812.

[2] Raich J W, Potter C S. Global patterns of carbon dioxide
emissions from soils[J]. Global Biogeochemical Cycles, 1995,
9(1): 23-36.

[3] skaas, Bmert, 2R, % Y 2 BT L3 pLpk L
kS WA R T HE R [0 M AR S A 4, 2024, 48(11):
1393-1405.

Zhang J R, Duan X Y, Lan T X, et al. Advances in the role of
plant diversity in soil organic carbon content and stability[J].
Chinese Journal of Plant Ecology, 2024, 48(11): 1393—1405.

[4] Liu X J, Trogisch S, He J S, et al. Tree species richness increases
ecosystem carbon storage in subtropical forests[J]. Proceedings of
Biological Sciences, 2018, 285: 20181240.

[5] Chen LF, Yang S P, He Z B, et al. Divergent seasonal patterns
and drivers of soil respiration in alpine forests of northwestern
China[J]. Agricultural and Forest Meteorology, 2023, 343:
109787.

[ 6] Kuzyakov Y. Sources of CO, efflux from soil and review of

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

partitioning methods[J]. Soil Biology & Biochemistry, 2006,
38(3): 425-448.

Jiang Y, Li W B, Gan X L, et al. Asymmetric responses of
autotrophic and heterotrophic respiration to simulated nitrogen
deposition in a subalpine grassland[J]. Applied Soil Ecology,
2024, 199: 105393.

Phyo Z, Wu C S, Zhang Y P, et al. Comparative analysis of soil
respiration dynamics and heterotrophic respiration sensitivity to
warming in a subalpine coniferous forest and a subtropical
evergreen broadleaf forest in southwest China[J]. Journal of Soil
Science and Plant Nutrition, 2024, 24(3): 4522—4537.

Allison S D, Vitousek P M. Rapid nutrient cycling in leaf litter
from invasive plants in Hawai'i[J]. Oecologia, 2004, 141(4):
612-619.

Bai X J, Zhai G Q, Yan Z F, et al. Effects of microbial groups on
soil organic carbon accrual and mineralization during high- and
low- quality litter decomposition[J]. Catena, 2024, 241: 108051.
Wang M M H, Carrasco L R, Edwards D P. Reconciling rubber
expansion with biodiversity conservation[J]. Current Biology,
2020, 30(19): 3825—-3832.

LiHM, Aide T M, Ma Y X, et al. Demand for rubber is causing
the loss of high diversity rain forest in SW China[J]. Biodiversity
and Conservation, 2007, 16(6): 1731-1745.

WILE, B, YONETE. HEAEKT AR N bk g i i
A R A0 R R 4y B 2R (T]. b AA A, 2014, 32(2):
179-186.

Xu F Z, Hu G, Sha L Q. The effects of nitrogen and phosphorus
fertilizers on soil respiration, soil microbial biomass carbon and
soil nutrients of rubber plantation in Xishuangbanna, SW
China[J]. Mountain Research, 2014, 32(2): 179—186.

YOI, daf, 1L, 55 PN AS [F 3 ARk LR (b
ARSI TS [7]. B A4, 2000, 24(2): 152-156.

Sha L Q, Meng Y, Feng Z L, et al. Nitrification and net N
mineralization rate of soils under different tropical forests in
Xishuangbanna, southwest China[J]. Chinese Journal of Plant
Ecology, 2000, 24(2): 152—156.

Zhang G D, Zhou G Y, Zhou X H, et al. Effects of tree
mycorrhizal type on soil respiration and carbon stock via fine root
biomass and litter dynamic in tropical plantations[J] Journal of
Plant Ecology, 2023, 16(1): rtac056.

Bossio D A, Scow K M. Impacts of carbon and flooding on soil
microbial communities: phospholipid fatty acid profiles and
substrate utilization patterns[J]. Microbial Ecology, 1998, 35(3):
265-278.

TIWRAE, SEETE, R, 4. U BRI ST T B N b -3
TR A ) B RV VR RV RE ) [J]. RS 54 4R, 2016, 36(12):
3582-3590.

Wan X H, Huang Z Q, He Z M, et al. Changes of above- and
belowground carbon input affected soil microbial biomass and
community composition in two tree species plantations in
subtropical China[J]. Acta Ecologica Sinica, 2016, 36(12):
3582-3590.

X5tk /08, AR TE YRS M. L BRE B AL, 2010.
Liu Q, Peng S L. Plant litter ecology[M]. Beijing: Science Press,
2010.


https://doi.org/10.1046/j.1365-2486.2002.00511.x
https://doi.org/10.1029/94GB02723
https://doi.org/10.17521/cjpe.2023.0370
https://doi.org/10.17521/cjpe.2023.0370
https://doi.org/10.1016/j.agrformet.2023.109787
https://doi.org/10.1016/j.apsoil.2024.105393
https://doi.org/10.1007/s42729-024-01852-4
https://doi.org/10.1007/s42729-024-01852-4
https://doi.org/10.1007/s00442-004-1679-z
https://doi.org/10.1016/j.catena.2024.108051
https://doi.org/10.1007/s10531-006-9052-7
https://doi.org/10.1007/s10531-006-9052-7
https://doi.org/10.3969/j.issn.1008-2786.2014.02.007
https://doi.org/10.3969/j.issn.1008-2786.2014.02.007
https://doi.org/10.3321/j.issn:1005-264X.2000.02.005
https://doi.org/10.3321/j.issn:1005-264X.2000.02.005
https://doi.org/10.3321/j.issn:1005-264X.2000.02.005
https://doi.org/10.1007/s002489900082

57

FEBR I 85 FHTAR R ARA R 2B M 2ot - SR Je SL2H 3 PRI R 91

[19]

[20]

[21]

[22]

23]

[24]

[25]

[26]

271

U, 47X, AV, S5, M R AR SOOI BT F AR T s
WA 4 2 o AT T AR FTRIE 7E (0], s Al B 22, 2020,
40(9): 5-12.

LiM M, Quan F, Sun S Q, et al. The cellulose decomposition and
the respiration of soil microorganism in rubber plantations and
tropical rain forests in Hainan[J]. Chinese Journal of Tropical
Agriculture, 2020, 40(9): 5—12.

Liu M Y, Xia HP, Fu S L, et al. Tree diversity regulates soil
respiration through accelerated tree growth in a mesocosm
experiment[J]. Pedobiologia, 2017, 65: 24-28.

Chen C, Chen Y H, Chen X L, et al. Meta-analysis shows positive
effects of plant diversity on microbial biomass and respiration[J].
Nature Communications, 2019, 10(1): 1332.

Feng J Y, Wang C Y, Gao J J, et al. Changes in plant litter and
root carbon inputs alter soil respiration in three different forests of
a climate transitional region[J]. and Forest
Meteorology, 2024, 358: 110212.

AR, UL, A A, 55 TEBURIIR SRS oA 8 R 23 A2 )
B R E R LR [J]. AR 24, 2021, 42(4): 1145-1153.

Xu R, Xie J, Yan X S, et al. Comparison on biomass and carbon

Agricultural

storage of rubber plantation with other types of forest in
Xishuangbanna[J]. Chinese Journal of Tropical Crops, 2021,
42(4): 1145-1153.

Craig M E, Geyer K M, Beidler K V, et al. Fast-decaying plant
litter enhances soil carbon in temperate forests but not through
microbial physiological traits[J]. Nature Communications, 2022,
13(1): 1229.

Ni XY, Lin C F, Chen G S, et al. Decline in nutrient inputs from
litterfall following forest plantation in subtropical China[J]. Forest
Ecology and Management, 2021, 496: 119445.

Wang Q K, Yu Y Z, He T X, et al. Aboveground and
belowground litter have equal contributions to soil CO, emission:
an evidence from a 4-year measurement in a subtropical forest[J].
Plant and Soil, 2017, 421(1): 7-17.

FAE, MR, Wi, S JHVE ) 2 R R 2E R U VE ) A
OB R TR oW [0 AR RS A, 2019, 39(17):
6264—6272.

Wang X P, Yang X, Yang N, et al. Effects of litter diversity and

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

composition on litter decomposition characteristics and soil
microbial community[J]. Acta Ecologica Sinica, 2019, 39(17):
6264—6272.

Zeng J, Li X Y, Xing L H, et al. Soil nitrogen regulates root
carbon secretion in the context of global change: a global meta-
analysis[J]. Functional Ecology, 2024, 38(9): 2067—-2080.
Jorgensen K, Clemmensen K E, Wallander H, et al.
Ectomycorrhizal fungi are more sensitive to high soil nitrogen
levels New
Phytologist, 2024, 242(4): 1725-1738.

5. B 52 AR AE AR L 33 R IR A L A8 g 82 [J7].
ML BB, 2024(2): 71-74.

Yang M Q. Response of soil respiration to mixed proportion in the

in forests exposed to nitrogen deposition[J].

mixed forest of Betula wuyiensis

lanceolata[J]. Forest Science and Technology, 2024(2): 71-74.

and  Cunninghamia

Liao C, Long C Y, Zhang Q, et al. Stronger effect of litter quality
than micro—organisms on leaf and root litter C and N loss at
different decomposition stages following a subtropical land use
change[J]. Functional Ecology, 2022, 36(4): 896—907.

Bourget M Y, Fanin N, Fromin N, et al. Plant litter chemistry
drives long-lasting changes in the catabolic capacities of soil
microbial communities[J]. Functional Ecology, 2023, 37(7):
2014-2028.

Shi J Y, Gong J R, Taoge T B, et al. Short-term phosphorus
addition increases soil respiration by promoting gross ecosystem
production and litter decomposition in a typical temperate
grassland in northern China[J]. Catena, 2021, 197: 104952.

BRF A, AR, W SCER, A R B R DL )
IRAREIRANA [J]. SR SE 8, 2013, 40(12): 2306-2318.

Qian Y Q, Peng X Q, Zeng W J, et al. The effect of mycorrhizal
fungi on soil respiration and litter decomposition[J]. Microbiology
China, 2013, 40(12): 2306—2318.

Wang C Q, Kuzyakov Y. Mechanisms and implications of
bacterial-fungal competition for soil resources[J]. The ISME

Journal, 2024, 18(1): wrae073.

(iEmi # % F 2
TEmE FEaa)


https://doi.org/10.1016/j.pedobi.2017.05.005
https://doi.org/10.1038/s41467-019-09258-y
https://doi.org/10.1016/j.agrformet.2024.110212
https://doi.org/10.1016/j.agrformet.2024.110212
https://doi.org/10.3969/j.issn.1000-2561.2021.04.034
https://doi.org/10.3969/j.issn.1000-2561.2021.04.034
https://doi.org/10.1038/s41467-022-28715-9
https://doi.org/10.1016/j.foreco.2021.119445
https://doi.org/10.1016/j.foreco.2021.119445
https://doi.org/10.1111/1365-2435.14626
https://doi.org/10.1111/nph.19509
https://doi.org/10.1111/nph.19509
https://doi.org/10.1111/1365-2435.13999
https://doi.org/10.1111/1365-2435.14379
https://doi.org/10.1016/j.catena.2020.104952
https://doi.org/10.1093/ismejo/wrae073
https://doi.org/10.1093/ismejo/wrae073

	1 研究区概况与研究方法
	1.1 研究区概况
	1.2 土壤呼吸测定与计算
	1.3 土壤样品采集与理化性质测定
	1.4 土壤微生物群落测定
	1.5 凋落物周转率
	1.6 植被生物量及功能性状指标测定
	1.7 数据处理

	2 结果与分析
	2.1 不同经营模式下土壤呼吸的差异
	2.2 不同经营模式下林分特征、植物功能性状与土壤理化性质对土壤呼吸的影响
	2.3 不同经营模式下微生物对土壤呼吸的影响
	2.4 土壤呼吸及其组分与环境因子的关系分析

	3 讨　　论
	3.1 热带橡胶林不同经营模式对土壤呼吸的影响
	3.2 热带橡胶林不同经营模式对土壤呼吸各组分的影响

	4 结　　论
	参考文献

