_ Land use change in dry-hot valley reduced the constraint of water etficiency for
— soil microbial communities but increase CO, production
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» This study presents a comparison of taxonomical and functional profiles in degraded grassland and its converted mango plantation based on metagenomic sequencing, and quantified changes in soil properties like pH, organic carbon, total nitrogen and phosphorus,

available phosphorus as well as CO, efflux during LUC.

» o diversity of soil bacterial community decreased after LUC, and the OTUs belonging to Actinobacteria, Bacteroidetes and Proteobacteria showed clear enrichment after LUC, yet the OTUs with wide range of low-abundance phyla generally depleted. soil water content
was the best predictor of change in bacterial community composition, explaining 47.6% and 30.3% of the variation before and after LUC, respectively. Regarding adaptation to the environment post-LUC, dominant microbial species were enriched in large numbers, but
communities that belonging to lower-abundance phyla were depleted. Clusters of orthologous group categories that involved in translation, ribosomal structure, nucleotide transport, coenzyme transport, cell motility, cell cycle control as well as cell division and

chromosome partitioning were significantly higher after LUC in both dry and wet seasons. Proportion of key functional genes in tricarboxylic acid cycle increased significantly (especially for major CO, production process).

» Our study suggested that LUC in the dry-hot valley reshaped the bacteria community, altered the proportion of COG functional categories of soil microbes and accelerated microbial respiratory metabolism and CO, efflux. These effects largely resulted from changes in

the soil microenvironment (especially water content).

| ] | ]

» land-use change (LUC) has become the second-largest source of anthropogenic greenhouse gases (GHG), second only to fossil fuel

» Degraded grassland and new mango plantation transformed from degraded grassland in 2017 were chose to conduct a

combustion. comparative study of LUC in the dry-hot valley.

» CO, emissions during LUC are difficult to assess because of differences in spatial, temporal, and regional land management measures as

» For each land use type, three 20 m X 20 m plots were respectively selected. Five polyvinylchloride collars were installed in

well as differences in soil properties between ecosystems. There is now growing recognition of the vital links between microbial and global C each plot. Soil sampling at a depth of 0 — 10cm was conducted twice during the wet season and twice during dry season

cycle fluxes and the stabilization of soil organic carbon. from each plot.

» In view of soil heterogeneity in terrestrial ecosystems, like physicochemical properties and microclimate, the ways in which these specific » CO, efflux rate was measured using LI-COR 8100, as well as the soil temperature and volumetric water content at a depth

of 10 cm.

conditions change during LUC in dry-hot valleys and corresponding effects on soil bacteria communities and CO, efflux remain unclear.

a 0.10+ . P=0.07 < b a ., P=0.015 * @
191 Dry P=0.003 ** =0. . : S :
cioe 2- Adjusted R?=0.42, P<0.001 o |Adjusted R?=0.43, P<0.001:
0.05 - i \\\ Total nitrogen pH & i %?9
—_ - / . i\\ — : Cam— . = g
X < %9 ) L - : =)
i~ ‘e / e S & o : o -] =
8 / // ?__ 0.00 1 e [\ Wit dotant . ' . Total phOSphOI’US 2 . Total phOSphOfUS %
N 0.00 : Y o Z e < Available =~ Water content ‘8 &
ISV /// // : 2 ‘ . . E £ phosphorus g g [ IR YR ShaAmn: wAAEWE RO 8 -
< : o bl . o
Q p s S QO o @ : O Total nitrogen ® o pH Temperature
O .05 i P Q. -0.051 x| @ N o
// P o : g- ~o- Grassland ; . ~»- Grassland
// -+~ Grassland ~ Grassland il : : =07 —l v Mdndo
- o 2 T T T T T T
~0.10- Grassland : Mango -5 0 5 ~4 0 4
-e- Mango ~0.10 - -#- Mango ! : : : : . . : i : : 9 PC1 (39.9%) PC1 (32.9%)
~0.10 ~0.05 0.00 0.05 0.10 ~0:1 0.0 0.1 -0.4 -0.2 0.0 . 0.2 0.4 -04  -02 0.0 00'2 0.4 C oy d o] wet
PCOA 1 (34.39%) PCoA 1 (56.73%) RDA1 (29.6%) RDA1 (33.6%) |
Cc d y=2.22 - 0.0153x, R?=0.044, P=0.401 - y = 1.97 - 0.0202x, R?=0.061,P=0.324
Dry Wet Total phosphorus pH = - 2= - o () y =2.06 + 0.0308x, R?=0.031, P=0.025 *
Dry Wet C (5.8%) d (9.6%) e y=3.36 + 0.0116x, R?=0.017, P=0.61 ‘75 g4
100% - - | Total nitrogen i 5 °o =
o i % 29%)9 Total nutrggen Temperature £ ) 0 5 )
5900 2 (12.5%) (33.1%) §4 ¥ o 0 - =4 .
— b - Available = - 5 i = 5 @ o ° o
5 :j—]l | I 259 I Actinobacteria phosphorus W?Ze;‘g%n)tent Total phosphorus % p—— o o X gN e g @ .
§ l s < . Proteobacteria (16.9%) (14.4%) 8”2 oo i 8 — S g T O°o~o o
— 0 8 o o o o o 0©
! — Planct t ° o @ a e
% 5800 8) = Banc on;yce es W - Grassland
T = acteroidetes i 01 -e= Mango
% ’ g v - Firmicutes A ceatoreonien @ 0 20 0 20 Mangc'; -10 0 10 20 30
- 4
T % . A ‘ 3 (16.9%)  Grassland (30.3%) Mango PC1 PC1
a emmatimonadetes
5700- FER e B Acidobacteria » Water content was the primary variable affecting bacterial communities in Grassland, » PCA based on the KO annotation revealed significant differences in the
e o — .
: Cyanobacteria 1 1 1 1 1 i . . . . . .
ES Mango l S followed by pH and available phosphorus. Effect of soil chemical properties slightly higher differences of microbial respiratory metabolism that were observed in both
— than that of environmental characters (Fig. c, d). ) ) e e ..
g 0, | | | Others ] ] i i ) . dry and rainy seasons (Fig a,b). CO, emission in Mango plantation is
, , , , N , , ‘ , » In Mango plantations, soil temperature was the primary variable affecting bacterial
Grassland ~ Mango  Grassland ~ Mango Grassland Mango Grassland Mango Qe . . . positively associated with the PC1 in different seasons, but the opposite
communities, followed by water content and total phosphorus. Soil chemical properties had
» PCoA results based on Bray-Curtis distance presented the bacterial community of - e e . . i i
.y . p y a distinctively lower effect than that of environmental variables. trend was observed in the degraded land (Figure c, d).
Grassland and Mango plantations formed two distinct groups along the second coordinate
axis in the dry season. a diversity within land use types also revealed a significant difference d @
between Grassland and Mango plantation in the dry season (Fig. c¢). Differences in bacterial Pyruvate 0.15, PDHA P=4.77¢-5 ., DLAT/aceF/pdhC P=163e-5
communities between land-use types were detected at the phylum level. F 0.14 2
3 Pyruvate dehydrogenase 0 =
Planctomycetes Proteobacteria Verrucomicrobia Bacteroidetes Firmicutes level o Enriched in Mango field CO e 0.13 § 0.10
2 @ AV
Actinobacteria Cyanobacteria Low Abundance Acidobacteria Deinococcus-Thermus v Enriched in Grassland = 0.12 g
o U =
20 Dry s ’ . , mdh P=6.47e-3 @ &
0.070, Acetyl-CoA g w 0.09
h 5 0.11 I 5
£ 0.065| S & 0.08
15+ vt ‘ g 0.10 o]
Q g 0.060 & 1 S
S < | £ 0.09 o 0.07
b=y 3 0.055 *
Si04 Y 3 0.08 ‘ ‘ " 0.06 L ——
| ‘- S 0.050 Grassland Mango ' Grassland Mango
, Aa s Oxaloacetate Citrate
54 g % /N y A y s AR Vo . £ 0.045
gasn , NG e S VY @ VAl ,AdTTaA /5% S
ga 8 ; 2 & ".\.- r ‘ A A — R > s A - B T Yo ‘ o ; ’.r 2 . /\ 4 «—* -
T Y N ST T T T RN IR SR e .f:«.z#;.:?_t:ff.‘;.:1:1«,:»:;-.-;%;,&»{\;@‘«-:axgt‘r«"ﬁm@ £ 0.040
G0 W@ P S @ (00 Ry 0.035 .
i} ;253890“” N P & \e(o;\\%%’éc'\e o Grassland Mango > proportion of these genes
\\e“\)c\&c’\ [ ?\’6°o WF o iavlis \,o"“x
b 0™ 0040 fuUmA/fumB P=0.028 differed from land-use types,
Proteobacteria Firmicutes Actinobacteria Acidobacteria Verrucomicrobia  level o Enriched in Mango field A———— Malic acid Isocitrate 0.09 . /DH1/IDH2 P=8.14e-5 especiall the ke enes
Bacteroidetes Cyanobacteria Low Abundance Planctomycetes Deinococcus-Thermus v Enriched in Grassland E!; » 55 0.08 P y y 8
- v — ; °
“1 wet o S . . 2 0.07 related to CO, production.
S 0.025 Tricarboxylic g o
. % oose acid cycle 3 0.06 » Soil CO, efflux in both
—~ s @ 0.05 . .
< ¢ 0.015 co, s seasons was significantly
S 2 c 0.04
(@) 10 4 o 0-010 9 . . .
9 = € 0.03 higher in Mango plantation
& 0.005 a
o
a 0.02 than in Grassland.
54 | , OO e s Mango Fumarate Ia-Ketoqutarate
x y 2 _ . 0.01 —— L —
o ' - ' ye Grassland Mango
O oe® RS ¢ o dhA/frdA P=0.011
. ((\\o 000 o\ 030 X v ) 02 O \(\e,‘ 0.17 S I =U.
¢ bo%° %ao\e‘? o° > 2 b
£ 0.16 @)
' S 01s Succinate a-Ketoglutarate %9 s
C Mango-enriched OTUs £ 9
— % 0.14 dehydrogenase complex =~
v ® w R
S 0.13 Succinyl-CoA o 50
5 o1 0.16 . SucD P=2.46e-3 0.24  DLD/Ipd/pdh P=2.08e-3 0.12, OGDH/sucA P=0040 &
\ \ = D, ‘ L (]
\, u (]
'. a = 0.15 _ o S
1060 | | £ o £ i e £ 011 349
(10.9%) g 014 ¥ i 9 o
" 0.10 < e = o
Grassland Mango § 1 § g 010 % 201
Wet & 0.12 & 0.18 3 5 <
2 % ? 0.09] =
B sl 5 0.16 5 2
P é 0.14 ' S 0.08/ 9154
» In both dry and wet seasons, enriched OTUs in Mango plantations mainly belonged to top S 0.09 3.~ ‘é
o ° e 0.07]
[ L3 L3 ° [ 0-12 ~
phyla like Proteobacteria, Actinobacteria, et al., Yet depleted OTUs belonged to a wide . = . 10-
. . . . . 0.o7—M—MmMm 0.10 0.06 | ——
range of bacteria phyla, especially in the dry season, distributed across 26 phyla. Grassland Mango Grassland Mango Grassland Mango Grassland Mango

» Large number of microbial species in dominant phyla were enriched and wide-ranging and low-abundance phyla were depleted after LUC. > Key research project, agroforestry systems for restoration and bio-industry technology development (Grant No.

» Effects of LUC on the composition of bacterial communities were realized mainly through changing the soil water content rather than soil 2017YFC0505101), Ministry of Sciences and Technology of China (Grant No. 2017YFC0505100), the National Science
9 ° 9

chemical properties. Partial bias in the metabolic functional categories of microbial communities, which may be cause by the growth/death and Foundation of China (NSFC) project code 31750110478,

regeneration of large microbial communities.
» China Postdoctoral Science Foundation and the Chinese Academy of Sciences (grant nos. 2017LH029). as well as the

» Distinct intensification of respiration characteristics of microbes after LUC is the evidence for the significant increase in CO, efflux.

» Informed land management practices are necessary to promote microbial carbon assimilation and increase carbon sequestration for the support from the Yunnan Fundamental Research Projects (Grant No. 2019FB063) and the Yunnan Provincial Post-doc

mitigation of carbon emissions resulting from LUC. Research Foundation.




