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Abstract: Soil microbial communities play an important regulatory role in soil structural formation, nutrient cycling, and
plant growth in terrestrial ecosystems, which are of great significance to the reestablishment of functions in degraded
ecosystems. The dry-hot valley region of Jinsha River is an important ecological barrier in the upper reaches of the Yangtze
River, and a typical ecologically fragile area. However, the understanding of variations in soil microbial community structure
and driving factors in this region remains unclear. Here, the variations in soil microbial biomass and community structure of

typical dry-hot valley across five sites along the Jinsha River basin were investigated using phospholipid fatty acid (PLFA)
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analysis. Further, the effects of climatic, vegetation and edaphic factors on soil microbial community structure were
explored. The results showed that total soil microbial biomass ranged from 4.30 nmol/g to 13.20 nmol/g across the five sites.
Bacterial biomass accounted for the largest proportion of total microbial biomass, with gram-positive bacterial ( G+) and
gram-negative bacterial ( G —) biomass accounting for 26.22%—33.65% and 18.35%—23.67%, respectively. The
proportion of fungal biomass in total microbial biomass was between 9.02% and 15.13%. These sites had significant
difference in microbial biomass of total and specific functional group microorganisms, fungi/bacteria, G +/G —,
cyclopropane fatty acids/monoenoic precursors, normal saturated fatty acids/monounsaturated fatty acids. Moreover, their
soil microbial community structure formed different clusters based on the non-metric multidimensional scale ( NMDS)
analysis, suggesting significant differences among the sites. The results of variation partitioning analysis ( VPA) revealed
that the variation of soil microbial community structure was mainly driven by edaphic factors, followed by vegetation and
climatic factors with the pure effects being 37% , 16% and 2% , respectively. Specifically, herb biomass (P=0.002) , soil
NO;(P=0.002), soil total carbon (P=0.003), pH (P=0.013) and soil water content (P=0.029) had significant effects
on soil microbial community structure. Generally, herb biomass, soil total carbon and NO; content had positive effects,
while soil water content and pH had negative effects on the PLFAs contents of total microbes and specific functional groups.
In addition, the microbial PLFAs of various functional groups were also affected by the ratios of total carbon to total nitrogen
and the ratio of total nitrogen to total phosphorus. The mean annual precipitation of climate factors had a negative impact on
soil microbial biomass. Overall, the results revealed site-induced shifts in edaphic factors drove the variations in soil
microbial community structure, and found the important role of herb biomass, which had vital implications for vegetation

restoration in dry-hot valley region.

Key Words: phospholipid fatty acid; Savanna of valley type; herb biomass; Jinsha River
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Table 1 The basic information on plant communities at different study sites

15 BARHR 5L, Study sites

Information indicators A YS AEFF HP A4 YR JEHE YM 1A LQ

S Latitude/(°) 26.20 26.37 26.40 25.72 26.30

Z8% Longitude/(°) 100.62 101.23 101.46 101.78 102.64

4% Elevation/m 1297 1307 1496 1217 1023

AEIE MAT/C 18.3 20.5 18.5 20.2 21.3

AEHJ PR TN . MAP/mm 825.0 857.8 925.6 827.9 879.6

PP Fh Dominant species

T+ K Tree — — HEEE R — —

A Shrub FET RHT KFTF ERT HRHT wH ERT

B Herb Hi#E ey ey ey e e I e s
EaE S

FhaE ¥ Species density/ (/100 m?) 4 10 12 6 6

B i FX Basal area/ ( cm®/m?) 5.85 20.42 34.51 2.70 3.42

BIAZEEE Herb cover/% 90 88 93 92 95

A Herb biomass/ (g/m?) 207.86 369.31 260.01 828.97 393.43

HEYE KR Quercus franchetii; %35 T Dodonaea viscosa; & F Phyllanthus emblica; B3 Vitex negundo; 1l # 55 Heteropogon contortus ; ¥ #4555
Hyparrhenia diplandra; 41 %5 55 Cillipedium parviflorum ; 3 ¥ ¥ 1 5 Arundinella setosa; 25 7 55 Cybopogon distans; MAT; 4 2] i Mean annual
temperature ; MAP ; 4E 2[4 & Mean annual precipitation; YS: 7K i Yongsheng; HP ; #6 £F Huaping; YR 7K1~ Yongren; YM; JCi%t Yuanmou; LQ: %
¥ Luquan
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G+ . G—FI— B A AE 2 F1518 . 109¢ .18 : 2w6,9¢ 1 20: 1w9c FH LI FAF ELH ;16 1wSc FH LI FAE B H R
B ( AMF) ;10Me16:0,10Me17:0 11 10Mel18.0 F LA RAE L H . 14:0.16:0 1 180 25K 4335 PLFAs Al
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Xt ELAT B S A8 R AT Tukey HSD Z2 8 ML (B & KN «=0.05) o SRIET Bray-Curtis B B A9
B 2 4E R 43 1 ( Non-metric multidimensional scaling, NMDS ) 1 7% A {60 V£ £ 55 ( Analysis of similarities,
ANOSIM ) FeAEA [R] AF 5% b o5 A Rl A= 1 B % 465 400 1% 22 59 B I 351 1 A8 2% 43 f## ( Variation partitioning
analysis, VPA) FEAVSUE | -3 1 R X6 - S A e I 45 10 28 AL I A R 38, 3l T 1) S B SR R R I
B (MonteCarlo permutation test) J&7 it 35 A f# B¢ A8 1 AT TUAY 40 ( Redundancy analysis, RDA) | LUHf 5 i 35 HY
fife AR ) - A MR IE A A S p k. A BEALAR FRAB Y ( Random forest model ) 145345 | + HEFIHE
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A% HP FLLQ 4305 YS I YM JC W #5255 3% pH (EAIBETE LQ i, YM ik, TN & LI LQ 5,
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Table 2 Soil physicochemical properties of plant communities at different study sites

AR B 55, Study site J7 22578 ANOVA

Indicators YS HP YR YM LQ F P

4T SBD/(g/cm?®) 1.44£0.03 1.36+0.01 1.39+0.04 1.36+0.05 1.28+0.07 1.70 0.190
Bk WC/ (%) 6.89+0.55ab  4.95x0.52bc  8.00+0.76a 2.7820.29¢ 4.89+1.01bc 8.94 <0.001
pH 7.38+0.10a 6.18+0.12b 5.95+0.19b 5.42+0.08c 7.78+0.03a 74.35 <0.001
2% TC/ (g/kg) 31.43+12.22  13.34x0.95 11.42+0.93 37.11210.04  39.33+11.23 2.32 0.092
2 TN/ (g/kg) 1.67£0.50abc  0.80+0.08bc  0.58+0.06¢ 2.48+0.80ab  2.94+0.84a 5.94 0.003
2 TP/ (g/kg) 0.34+0.04b 0.24+0.03b 0.22+0.03b  0.1720.01b 1.8620.10a 184.36 <0.001
AL C:N 17.72£1.25ab  16.85+0.46abc  20.00£0.91a  16.04+1.00bc  13.7720.66¢ 6.49 0.002
B C:P 83.04x21.24ab 60.6129.10b  55.31+5.83b  212.66+49.86a 22.08%6.51c 13.07 <0.001
AW N:P 4.53+0.81ab  3.66+0.63bc  2.75+0.19bc  14.14+4.02a 1.66+0.49¢ 10.31 <0.001
B A5 NHL/ (mg/kg) 24.900.85 25.68+0.72 27.01£0.86 24.19£0.59 25.99+1.34 1.40 0.269
5% NO3/ (mg/kg) 1.51£0.17ab  0.43+0.19¢ 0.6120.07¢ 2.06+0.24a 1.36+0.08b 16.89 <0.001

n=5;SBD: % H Soil bulk density; WC: 757K Soil water content; pH : FRBSE Potential of hydrogen ; TC: 4% Total carbon; TN: 4% Total nitrogen
TP . 48 Total phosphorus; C:N:E% % Lt Ratio of total carbon to total nitrogen; C:P . §k#4 Lt Ratio of total carbon to total phosphorus; N:P; & Lt Ratio of
total nitrogen to total phosphorus; NH} : #7#5%l Ammonium nitrogen ; NO3 ; i ZS & Nitrate nitrogen; ANOVA ; J5 22437 Analysis of variance
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Fig.1 PLFAs concentrations of soil microbial functional groups at different study sites
AR FHREFR R AFMFE SR 22 57 % (P<0.05) 3 YS; 7k Ik Yongsheng; HP ; =32 Huaping; YR : i < Yongren; YM: JGHE Yuanmou;; LQ: F il
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MBI HEARE T Arbuscular mycorrhizal fungi
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AR 2R o B 45 R R R [R5 o5 3
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YIRS AR AN IR ST 5 0 22 1 284, YM S o ot different study sites
WF5ERTE NMDS il EA B BRI HP FTLQ 55 YS FI R 5 R 2+ 508 5 B RE PLEFAS A1 75 AR 7 B 92 1
YR 7E NMDS il EA W B AX 45>, ANOSIM K ¥ 45 JAlE 25 52% (P<0.05)
S NS A A A M RE TS A5 A A T B R AR
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2.4 TIERCEYIRER AR R

AR 25 ot A I MR S50 B2 R T s L R T SRR W TR S R AR S
(4 37% , AR H T (16% ) TSR (2%, 18 5) o TURGI BT S TSGR e TR 45 i 52 B AR AR ) i
(P=0.002) NO;(P=0.002) .TC(P=0.003) .pH(P=0.013) Fl+IE 5K (P=0.029) 1) B E 50 1 Fifh 2
1Y 77 22 STHRFE 5 01 R 74.60%F1 1.36% , 3¢ W T 1 fifg B A8 1 L [R) St e 1 75.96% 1Y - SETUAE WU T 45 40 722 S
(El5),

BEHLAR ARSI GE SR S 585 /KB A pH A 328 PLFAs R4 2T PLFAs & E 3 5L G000, FEA W)
i I TC FI NOS & i) 3 8 PLFAs FI4$250E PLFAs & FEEESUY , B4, 13 C:P FI N:P %}
3 5 PLFAs A4 258 PLFAs &5 HAT IE AR IR0 (& 6) o

B2 FEHR=RTEMEYTIRER PLFAs BER F &

Fig.2 Relative abundance of PLFAs in soil microbial functional

3 i

AHFFE X PG L IEE ) WA T 4.30—13.20 nmol/g( & 1) , WA AR T b [ AR SR B —AL AR 7%
A1 (16.4—403.8 nmol/g) ") 7575 55 FE R (30 nmol/ g ) R FEHE4] (50 nmol/g) ', 330 L 7 5
FRT R AR B T I (1.77—129 nmol/g) ), 5= B TCIHEA R4 42 & FAR PR £ 38 (7.67 nmol/g il
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Fig.3 The ratios of PLFAs in soil microbial groups at different study sites
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analysis and ANOSIM test
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