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Cabernet sauvignon grown areas in Shangri-La, providing theoretical basis for screening and utiliz-
ing microorganism resources in Shangri-La region. [ Methods ] The rhizosphere soils were collected
from different vineyards of Shangri-La, soil microbial total DNA was extracted, the microbial com-
munity structure and diversity were analyzed by Illumina MiSeq high-throughput sequencing
system. [ Results ] The results of rhizosphere soil microbial analysis showed that rhizosphere fungi
could be classified into 131 genera in 6 phyla, and the predominant fungi included Ascomycete and
Basidiomycete, rhizosphere bacteria could be classified into 50 phyla and 467 genera, among which
Proteobacteria, Actinomycetes and Acidobacteria were the dominant phyla. In different vineyards of
Shangri-La, the dominant fungi identified in soil were Fusarium, Laetisaria, Bionectria and Archae-
orhizomyces; and the dominant bacteria were Rhodoplanes, Bacteroides, Nitrospira and Steroidobac-
ter. However, the abundance of rhizosphere microbe was different among different vineyards. The
abundance of fungi in soil sample from Dari vineyard increased significantly, including Fusarium,
Bionectria, Chaetomium, Haematonectria, Rhizoctonia and Paecilomyces, while the abundance of
bacteria in the soil samples from Benzilan vineyard was significantly increased, including Bac-
teroides, Rhodococcus, Phormidium, Blautia, Devosia and Bacillus. The results of redundancy analys-
is showed that soil conductivity, organic matter content, alkali-hydrolyzable nitrogen and available
potassium had a great influence on rhizosphere bacterial community composition, but the effect of
available phosphorus and pH value was not obvious. [ Conelusion ] The grape rhizosphere microbi-
al diversity in the Shangri-La region is very rich, the fungi abundance in Dari vineyard was increased
significantly, while the bacteria abundance in Benzilan vineyard was up-regulated significantly. The
soil conductivity, organic matter content, alkali-hydrolyzable nitrogen and available potassium in dif-
ferent areas have great influence on rhizosphere bacterial community. The study of grape rhizosphere
microbial diversity in Shangri-La could provide a theoretical basis for the utilization and development
of characteristic microorganisms in this area.

Keywords: Cabernet sauvignon; thizosphere microbes; diversity; Shangri-La; high-throughput se-
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Tab. 1 Information of soil sample collection sites

Hi&j i vineyards 2461 longitude and latitude #4&/m altitude
#2574~ Benzilan (BZL) ~ N28°14.40', E99°18.19' 2030.0
% H Dari (DR) N28°36.53', E99°09.98 22132
74 Sinong (SN) N28°29.48', E98°48.15' 22525
fi] 7% Adong (AD) N28°33.80, E98°52.28' 2635.0

AR PR ARG IS M52 80 %, 3 2 mm 0 5K
AR 2 4, —4E T80 C kA, »—4l
H AR AT T R T AT 5

1.2 B3R 2

DT B ask 5 1) - S i 2047 DA 38R PR
AT pHAH. SR AL, BUEA . #HA
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O E 5 B R B IR SR P2 e 5 A
BER PRI S AR e — B BE T b e il e v
1.3 L3S DNA 2 H K ITS A1 16S rRNA J
[A ] PCR 4 1%

4 HERE S B DNA % PowerSoil® DNA Isol-
ation Kit {5 & 17 HE . R 514 IFS5-1737F
I ITS2-2043R P4 3L BB 1TS, X5 SRHASIY
515F 1 907R 473 + HE AN TH 16S rRNA H& K V3~
V4 X, 50 uL PCR Z WK & K. 2x Premix Tag
25 uL, 5% (10 mmol/L) 4% 1.0 uL, DNA Hihx
3.0 uL, KE 4K 20 pL, PCR I &4
95 °C AP Smin; 94 °C Z5ME 30s, 52 °C 1Bk 305,
72 C &4 30's, 330 4MEH; 72 °C & 10 min,
P15 1) PCR 7= 1% B RRpH e e re vk ks i H
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Tab. 2 Physical and chemical properties of tested soil samples in different wine vineyards

AR

physical and chemical properties BZL

DR SN AD

HL 5% /(us-cm™) electronic conductivity 167.87+0.28 ¢

182.80+£5.50 b 164.17+2.20 ¢ 262.00+1.73 a

Tidfi# %/ (mg-kg ") alkali-hydrolyzale nitrogen 20.87+1.23 ¢ 20.89+3.08 ¢ 36.34+1.08 a 31.82+0.49 b
HHL/(mg-kg ™) organic matter 93.43+4.52 ¢ 176.73+18.90 b 351.93+8.45a 335.76+7.48 a
A %W/(mg kg ") available phosphorous 234.66+11.52b 238.34+8.62 b 221.53+9.32b 317.30+15.56 a
T/ (mg-kg ") available potassium 74.88+0.00 ¢ 33.33+2.26 d 84.47+0.00 b 282.64+2.26 a
pH 7.23+0.03 a 7.26+0.01 a 7.25+0.01 a 7.16+0.01 b
W FATEAR G ARG F R RN AR LA &% 2 5 (P<0.05); T
Note: Data in the same line with different lowercase letters indicated significant difference (P<0.05); the same as below.
=3 AEEFEFELLHERYMS IR
Tab.3 Fungal diversity indexes in tested soil samples from different vineyards
PP AR evaluation index BZL DR SN AD
OTU 9436 ¢ 1179486 b 1 866+100 a 1873442 a
EHEE% coverage 99.83 99.81 99.65 99.62
ACE 111449 b 1278436 b 2141179 a 2234427 a
Chaol 1120438 b 1306424 b 21444228 a 2243423 a
Shannon 5.19+0.15 b 5.58+0.11b 5.82+1.09 b 6.95+0.12 a
Simpson 0.920 0+0.02 b 0.934 4+0.00 b 0.918 8+0.05 b 0.976 7+0.00 a
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Tab. 4 Bacterial diversity indexes in tested soil samples from different vineyards

PN 48 F5 evaluation index BZL DR SN AD
OTU 9435+113 b 8 950+320 ¢ 10 158+195 a 9 659+120 ab
B %/% coverage 95.97 95.53 94.80 95.13
ACE 11 752+139 d 12 7334339 ¢ 14 588+112 a 13 711463 b
Chaol 11436+171d 12 2924325 ¢ 14303427 a 13397+146 b
Shannon 10.55£0.00 a 10.97£0.00 a 11.25£0.00 a 11.08+0.00 a
Simpson 0.996 0+0.29 b 0.998 4+0.00 a 0.998 8+0.00 a 0.998 5+0.04 a
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Relative abundance of dominant groups of fungi in different vineyard soil samples at phylum level
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Fig. 2 Relative abundance of dominant groups of bacteria in different vineyard soil samples at phylum level
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Fig. 3 Relative abundance of dominant groups of fungi in different vineyard soil samples at genus level
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Fig. 4 Relative abundance of dominant groups of bacteria in different vineyard soil samples at genus level

2.4.2  /AN[E] 7 el 20 i KPRV Sl R 2 K
FEERE 13 M8 B4 B 7E B B AR
MG P AR R AR A 4 BR . PR
Y 20 T8 A £13F 8 )& (Rhodoplanes) . $UFT 7 &
(Bacteroides) . Hi§ L2 JiE 15 J& (Nitrospira). Ster-
oidobacter . H5 ¥ J& (Streptomyces) F1¥H 2 7 H.
MiE 8 (Sphingomonas) ., k& B [F]VRE3K = B
ORI L RNt k7] 7 e o el =92 R
WA 2, SRR 8 (Sphingomo-
nas). BFFEJE (Flavobacterium). 1EIRTCTH &
(Devosia) . ‘BEFE W & (Streptomyces). #i {0 I
J& (Flavisolibacter). AT #J& (Bacteroides). *
AT B )8 (Bacillus). 413K J& (Rhodococcus) .

55 W& (Phormidium) M1 Blautia, 10 2137 3 &
(Rhodoplanes) F i 1k 42 i€ 18 J& (Nitrospira) F
B 3k H A % e A S ) SR i A R
i€ i J& (Nitrospira) #1 Steroidobacter, H:Ah T# J&
P R BARA R 5 B4 b AR b 200 s
J& (Rhodoplanes) T 2 B 5 15 & (Sphingomo-
nas) FREVRIEIN, HANTEE B FRERAL; TR
AP R RS AL IR e E (Nitrospira) FIBEAT I
J& (Flavobacterium) - I W 1wy, HALE S )
FREEAR
2.5 PR AL TN AR R A B A ) 5

M S Al g MR AR S E . A
TRV AR X AR o 20 TR AR VR 2 RE M e, TR A%

1.0

SXT5H 1] Chloroflexi

AR T ] Protedbacteria
mm@ﬁﬁan;;xf

Ws3
IR Planctomych

PEMEE ] Verfucomicrobia

B electr(f)nic conductivity

JEEER '] Firmicutes
FUMFH 1] Bacteroidetes

/Eﬁ Yl | ] Cyanobacteria

+| LB ] Actinobacteria

ailable potassium ™7
HHU drganic mafter
ZERIEA ] Gemmatiméonadete
FRATFER| T Acidobacteria
~1.0 L BRUfR 4 available nitrogen .
-1.0 1.0
E5 TEMRERIESHEECEFNRRI N

Fig. 5 Redundancy analysis between bacterial communities and soil chemical properties
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