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Abstract To investigate the impact of soil factors on the rhizosphere microbial community and berry quality of
Vitis vinifera L. cv. ‘Cabernet Sauvignon’ in the Helan Mountain East Foothills, ‘Cabernet Sauvignon’
rhizosphere soil samples were collected from five different plots (designated as S1-S5) with consistent agronomic
management practices in the Mengshaquan vineyard. Soil particle size, physicochemical properties, enzyme
activities, microbial characteristics, and fruit quality were measured to analyze differences among indicators
and explore the influence of soil texture on fruit quality. The results showed that: 1) The analysis results of soil
particle size components, S1 to S3 were sandy clay loam, S4 was clay loam, and S5 was sandy loam. Analysis
of soil properties across different textures revealed that total nitrogen, total phosphorus, alkali-hydrolyzed
nitrogen, available potassium, water content, catalase activity, bacterial Observed_ASV, bacterial Chao1 index
and ACE diversity index, fungal Observed_ASV, and fungal ACE diversity index all followed the pattern of sandy
clay loam>clay loam>sandy loam. 2) At the phylum level, the bacterial communities were dominated by
Proteobacteria and Actinobacteria, with Actinobacteria relative abundance ranked as S5>S1>S3>S2>S4. Fungal
communities were dominated by Ascomycota and Mucoromycota, with Ascomycota relative abundance ranked
as S4>52>51>S3>S5. Total phosphorus was the primary factor influencing bacterial and fungal community
structure, followed by total nitrogen. 3) Soluble solids content (SSC) of the grape berries was ranked as S3>
S2>54>51>85, and reducing sugar content S3>55>52>S1>S4. Tannin and total phenolic contents were both
ranked as S2>S4>S5>S1>S83. 4) Total phosphorus, available potassium, electrical conductivity, catalase,
urease, alkaline phosphatase, and amylase were the main factors leading to significantly higher SSC and
reducing sugar content in S3 soil compared to those in other soil textures (P<0.05). In S2, higher levels of
organic matter, available phosphorus, pH, silt, and amylase contributed to significantly higher tannin and total
phenolic contents compared to those in other soil textures (P<0.05). In conclusion, the sandy loam soil in this
study characterized by higher total phosphorus, organic matter, alkaline phosphatase, and clay content are
more conducive for microbial colonization and the growth of Vitis vinifera L. cv. ‘Cabernet Sauvignon’.

Helan Mountain East Foothills; soil textures;
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Fig. 1 Soil profile pictures of different textures

1.2 MEBIRRFIE

20234F 9 H AT LM LR A L B REEX N
SR FH MG AE LS HORE s HURE O A AR R M BR
2% b TR WA R L B BR R L em A2 A R+

WORE R O 1~20 em, £ BR AT AR ALK S TR &
i 2 mm G [ )5 L G2 ]S E L SR BN SRR
I3 34y A 14 A AR IXCT S T A B AR
D268 240 T 4 "CORAF T D0 E L3R mE I 4 5 28 310



53 1

AEWTAE O[] 5 e S ¢ R B R A A AR PR A W T v 2R A A W TR R AR S AT 121

T —80 CORAF , T 4 G A= W i 1k
1.2.1  XIE 200 R Aoy i )

- 1 URL 20 R WA TR e, Ak
M E 35 2 2% (RS A B R B, 3R
(Total nitrogen, TND & ¥ [ & 075 M 5 |, B8 A 2
(Alkali hydrolyzed nitrogen, AND 2% F A fig 47 15 i il
&, S B (Total phosphorus, TP) Fl # 2 %
(Available phosphorous, AP) % F 41 £ $it b €8 75 I
FE , 13 A HLIE (Soil organic matter, SOM) 7 %
JHEE % R B2 TR R I, S R (Advailable
potassium , AKD 3R ] & 1R 82 1= 42 -k ¢ 06 B2 U
- 58 pH i FH 28 22 A Bk 2 A (Jb st A BRA Rl Y
PR B2 11 % , H 5 % (Electrical conductivity , EC)fif
JH bt A B 2 A B A B 2 | A e S A0
GE o MO R E 98 bR 32 A A Ak S
(Catalase, CAT) | Ik #§ (Urease, URE) | £F 4 % i
(Cellulase, S-CL) . #k £ ® R #§ (Alkaline
phosphatase, ALP) | JE ¥3 ifi (Amylase , S-AL) Fl
B 1 (Sucrase, SUC) , HAK I %€ J5 1k 2 [ R i 1
GRS
1.2.2 #) & & R 38 AR 2

2 BESR /IN AR o A A e R BT IS O
FH PAL- 188 B2 0 2 2 7T i 1k B ) & 5 Ak
) 9 3 00 T e A P T 4 R DL
BTt 5 S0 S0 Ab B vk I A TR E R A
ST A0 S SR FH AR AR R R B A O R
FH £ 2 32 Ve TR
1.2.3 ARFR LR f A M BEE L5 A AT

KA mt v R B AEYE B R A R A R
- 3 R AT 2 PR i 4 R e 4 B A A R TR 2
DNA, iffi i NanoDrop ¥ DNA B9 & I 4 % JE 17K

W, XA 16S rRNA BL P 731 1Y 7 Be fL &L T/ ITS
DNA J& K 5 51 (9 i Be i 47 PCR Y1, 97 19 7 Wy fi
FH 206 e B 1) B IR W a6 e 4 A7 v DRI, 4G I PCR
PR RS Ak S 5977 %) F 28 [ Thermo Scientific
o A BEAE R GeneJET i [0 750 &5 [, & 4 I il
FH Tllumina Miseq M5 , M0 7% T-AF 1 46 50 R B0RF
BB A A R 2 v 58 1 -
1.3 HBESHRSEIT

il R(v3. 4. 1) B AF 247 Wilcoxon B Al K 45
ST A R VE o« Z2 K P (Simpson 880 . o« 24
P50 B R H ACE 45 %0 Fll Chaol 48 %00 #F 7% F &
fE , Simpson $& #{ #1 Shannon $& % 3T 1 B 7% £ #¢
P o SR H % T Bray-Curtis 2 5 %) & 2 45 43 #r
(Principal coordinates analysis, PCoA) , 3& & 43 #F A~
[F] 25 70 5T M 1 8 ¢ AR B8R Bk AR PR A W B VR Y 25
S, BT R B A Ay B o SR T OT &R A B
(Redundancy analysis, RDA) J7 i bF 58 i B 1 18 3k
A WIRETEAE T K B AR X 2 B 5 AR B - S
B &R o i F Spearman AH 5& 4 43 B #F 17 40 1A i &
VT g P Ak BT e P R R A BT 2 T Y
AHICHE I3 T o

2 HERE5HMH

2.1 TEBAMERSH

M2 VAT, STAN S4 33k & i i 35 55 1 S3
M S5(P<C0.05) , S4 ¥y ki & & B % T Hifth £ 15
(P<<0.05), S5 b ki & it b 25 & T H i 1 58 (P<
0.05), M4 GB/T 17296—2009 ([ 4432k 5
FRA Y= 53 2 o 4 22 ) A [ 5 b+ BT 4243 A1 = T &
WL 2, S1.S2F1S3 ¥ MabEE £, S4 HEEE 1, S5
b HE A+ 30 B M A Y AN [FRDRLAR ( H 2 R4k B

R1 ARRMEEREST

Table 1 Particle size analysis of soil with different textures

TR <2 pm i kL/ % 2~20 pm BHRL/ % 20~2 000 pm KL/ % 4 3% ot

Soil sample <2 pm clay 2-20 pm silt 20-2 000 pm sand Soil texture
S1 31.06+3.28 a 13.66+1.60 e 55.284+4.01b R -
S2 23.99+2.66 ab 18.6941.37 ¢ 57.3343.22b WA+
S3 23.79=+5.68 be 22.53+5.11b 53.68410.64 b WA+
S4 31.37+3.09 a 27.40+3.40 a 45.23+6.33 ¢ R 4
S5 22.36+3.80 ¢ 15.9242.76 d 79.9146.33 a b4+

TE A E R AR AR AE 0. 05K 2R . T,

Note: Different letters in the same column represent significant differences at the 0. 05 level. The same below.
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Fig. 2 Ternary diagram of particle size distribution of different soil textures
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FEE T S557.79% (P<<0. 05) 5 S3 498 3 S0 & & S4(44.26% ,P<<0.05),
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Table 2 Analysis of physicochemical properties of different soil textures

—
i b s1 S2 S3 S4 S5
Index
A kg)
A/Cg/ke 0.6340.04b  0.3840.09¢  0.35-40.07 c 1.2540.10a  0.11-0.08 d
Total nitrogen
BB/ (g/kg)
Wi/ Ce/kg 5.7540.41¢  6.8540.07b  6.5240.22bc  7.8940.71a  4.44+0.11d
Total phosphorus
9 (g/kg)
LRABLIR/ Ce/kg 6.4540.55b  7.7040.48a  6.0340.91bc  5.1440.33¢  4.88+0.81 ¢
Soil organic matter
WA A k
WL R/ (me/ke) 13.86--0.43a 14.14+0.98a  16.5843.51a  16.82+4.22a 12.4441.03 a
Alkali hydrolyzed nitrogen
T R/ kg)
BABE/ (me/ke 3.6840.42b  2.164+0.14c  5.7640.95 a 3.8241.13b  2.96-40.63 be
Available phosphorus
TH % ( kg)
R/ (me/kg 110.0043.97 b 119.00+18.19 b 136.164-24.83 ab 156.50+11.00 a 48.33+10.77
Available potassium
pH 8.4340.14a  81240.03b  8.3440.03 a 8.3340.06a  8.2040.01b
% /(ps/cm)
L/ Cps/em) 51.1041.32 ¢  79.24+6.86a  63.4743.86b  76.40+9.68a 49.73-40.60 ¢
Electrical conductivity
TS OKE /%

. . 10.63+0.50d 13.47+0.75b 12.1040.40 ¢ 16.63+1.10 a 9.27+0.51 e
Soil moisture content

T - AT RO 5 AT 2 BARFRAE 0. 05 7K 122 53 W 3% .

Note: Different letters in the same row represent significant differences at the 0. 05 level.
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Table 3 Analysis of enzyme activities of soil with different textures

ik P e R g /

TR L EAE Jox: it / 21 4k Z il / (me/e) TE 5 T/ THE oK i/
Soil (mg/g) (pg/@ (U/g Alkil'rgm (u/g (mg/g)
sample Catalase Urease Cellulase ' Amylase Sucrase
phosphatase

S1 6.04+£0.17 b 144.56+5.36 ¢ 1.23£0.14d 0.31+£0.01a 0.93+0.07b 8.02£0.50 a

S2 5.87£0.13b 221.494+8.80 a 1.81£0.07 b 0.30+0.01a 1.404+0.11a 3.57£0.62 b

S3 5.76+0.21b 198.92+8.31ab 1.64+0.13bc  0.32+0.02a 1.06%=0.14ab  3.59%0.53b

S4 6.9620.15a 193.8848.04 b 1.39£0.12¢d  0.2540.01b 1.07%£0.09 ab  4.27£0.65b

S5 4.68+0.19 ¢ 89.22+7.39d 2.4340.09 a 0.18+0.01 ¢ 0.7540.07 b 4.15+0.55b

23 ‘KREHRRIEAEMEEHEEN  ZHFKE

S

A OTU I T & FEA AT L RIS 0 £
FEVEFE RO, 25 R B LR A TE 5. HF 4T 50, ) Ff
FHEAE ST ey, S5 AR ; SE U ERE E
Chaol #5 £ F1 ACE #8803 il i & % T S1 24. 48% .
29.85% F129.89% (P<<0.05), 50l M, EEY
FF RS T TP 22 5 R 3 (P>>0. 05,

Xof 2% B il 20 TR A L TR 98 BCHE 19 O TU's 21 1
47 AE B B £ 4 R JE (Non-metric multidimensional

scaling, NMDS) 730 #r , %58 + S U AE W R I B 2 4
PEAEA TR b R AE R 22 5 A R
Bl 3. L 3Ca) W] A1, 25 A it 4H 18 BE 7% 9 Fh 2 LA
LR, S1.S2 1S3 4 HE 1) 4 Fl 4L i AH B, S4 Al
S5 4 AR B 40 1A A Vi 2 A B S LA SR R AR
N TE R A RS AR 2 R R, R 3]
T, 25 R b L TR R 8 W R AL R LB R B, S1.S2,
S3F S4 - 18 i Wy Fh 41 BCAH B, S5 ) %8 AR PR 1 1
VRURE % 20 U B8 LAy B, W b A i 5 A AN 22
SRR

R4 TRFEMTEAREEN IEH

Table 4 Alpha index of different texture types of soil bacterial communities

+ 4

FE i W5 H Chaol #8 %
Soil Observed ASV Chaol index
sample

ACE ¢
ACE index

i 3 JE

Coverage

Shannon 8 #{  Simpson 8 %%
Shannon index Simpson index

S1  2735.17+£112.63a 3480.564191.87 a

3496.76+176.66 a

9.57£0.09a 1.00£0.00a 0.9740.00b

S2 2610.004-208. 18 ab 3 377.12+547.87 ab 3 262.45+335.99 ab 9.57+0.22a 1.004=0.00 a 0.98=0.00 ab

S3 2417.00+£287.50 ab 2 907.154-461.67 ab 2 972.98+£475.84 ab 8.95£0.88a 0.98+£0.02a 0.9840.02 ab

S4 2 301.504300. 20 ab 2 884.68+416.32 ab 2 876.90+380.64 ab 9.02+0.77a 0.994-0.02 a 0.98=40.02 ab

S5 2197.33+£736.01b 2680.434+988.70b 2 692.13:£992.98 b

8.85+1.04a 0.98+£0.02a 0.98+0.02 a
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Table 5 Alpha index of different texture types of soil fungal communities
R " N e o . .
Soil M 5% K Chaol 48 % ACE 5 %L Shannon 6§ % Simpson $§ #{ B
Soi
samble Observed ASV Chaol index ACE index Shannon index  Simpson index Coverage
samp
S1 497.83+67.41 a 539.434+83.31a 550.14£88.10 a 5.38+0.51a 0.88+0.14a 1.00£0.00 a
S2 520.00£75.31a 571.11£98.67a 580.104£100.23a 5.16+£0.95a 0.87£0.09a 1.0040.00 a
S3 459.50+71.00 a 548.30+69.43a 542.36+76.93 a 4.54+0.76 a 0.93£0.04a 1.0040.00 a
S4 462.83+74.14 a 516.13+62.60a 518.21+67.98 a 5.19+0.52a 0.94+0.03a 1.00£0.00 a
S5 432.504+£81.97 a 473.454+71.09a 485.01£80.72 a 4.74+0.44a 0.93£0.03a 1.0040.00 a
03 _ @ JEJIME Stress=0.10 0.8 - (b) JE JIME Stress=0.22
oo | - 0.6 |
= 04|
01T ) s 02|
g, & S
ol ~_ ° -02]
~ y |
02y ] . 0.6 | )
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Fig. 3 Analysis of differences in community structure of rhizosphere bacteria (a) and fungi (b) among different soil textures
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Wrh k¥ 7T EEAEN . IR W TR S1>
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Fig. 4 Changes in the relative abundance of bacterial (a) and fungal (b) phyla at the rhizosphere

level across different soil textures

AHX FEBE 7 Hb=>50% . F 3 1R [T A X = B ol S4>
S2>>S1>>S3>>S5, Hirfr S4 A X B e S5 i 5 2 55
38.78% (P<<0.05); BRI A X F B H S3=>S1>
S5>>S2>S4, S3 M X F b S4B F RS
1 600. 00% (P<<0.05) ; #F 5 '] A XF =F A S2>
S5>>83>S4>>S1, S2 Al ¥} & FF L S1 B & 5
83.33% (P<C0.05) 5 FL 1A '] oK 2 28 #F AH X 4= B Ry
S5>>S4>S1>>S2>S3, S5 A X} = & Lt S3 1 2
80.00% (P<<0.05).
2.5 RBEERFERMEDFBEEHELESH

B 45 b B A b 2 v T L S T S AR X S R HE
AT 10 B PL B T T AT IO AR 40 B, 25 SR ILIE 5. #R
B 5Ca) n g0, HE 7 Sl R DTRR R 22,83 %, 1T fif R
3 A M A1 TR B 5 45 A 5 - B A DR Rl O 1
) F4 O 22 o 5 Vel 4 T 2 S 1 2 IR R AL
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Hy [ 6 Ca) W] 1, SR 00HR 55 20 B0 T 1] 0 TR AT A
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AP: available phosphorus; AK: available potassium; AN: alkali hydrolyzed nitrogen; SOM: soil organic matter; SM: soil moisture content;
TP: total phosphorus; TN: total nitrogen; EC: electrical conductivity; CAT: catalase; URE: urease; S-CL: cellulase; ALP: alkaline

phosphatase; S-AL: amylase; SUC: sucrase.
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Fig. 5 Redundancy analysis (RDA) of bacterial (a) and fungal (b) communities with soil environmental factors
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Fig. 6 Correlation between bacterial (a) and fungal (b) communities at phylum level and soil environmental factors



128 OE R R R 2026 4F 55 31 %
x6 ARRAMITERER HERRARBFESW
Table 6 Analysis of berry quality characteristics of ‘ Cabernet Sauvignon’ grapes in different soil textures
RS MBS/ EERE/ (/L) TWTHER/(g/1) BT/ (mg/g) B/ (mg/g)
Soil sample Soluble solids Reducing sugar Titratable acid Tannin Total phenol
S1 22.97+0.37 ¢ 250.98+0.35¢ 4.30£0.05 ¢ 5.7140.20b 4.51+0.02 b
S2 23.67+0.06 b 265.24+2.07 b 5.4040.05 a 6.3340.04 a 6.1140.03 a
S3 24.674+0.02 a 275.90+1.82 a 3.1440.05d 3.9040.06 e 3.71+0.02 ¢
S4 23.14+0.03 ¢ 212.40+0.47d 5.334+0.05a 4.20+0.04 d 3.96+0.02d
S5 22.23+0.06d 275.80+1.17 a 4.89+0.04 b 4.50+0.04 ¢ 4.39+0.03 ¢
xR AERRBEGREFHREEMRITAERHRE
Table 7 Eigenvalues and cumulative variance contribution rate of each indicator factor in grape berries
sl J5T 45 EN ! FEgr 2 Er 3
Quality index PC1 PC2 PC3
AP PE [E B ) Soluble solids —0.33 0.44 0.75
i JEME Reducing sugar —0.09 0.65 —0.63
] i % 2 Titratable acid 0.55 —0.35 0.06
B 7 Tannin 0.53 0.35 0.15
S Total phenol 0.55 0.38 0.13
FE4E M Eigenvalues 2.46 1.55 0.75
J7 2 BUAk % / % Variance contribution rate 49.16 31.09 15.04
Z 5Tk 2/ % Cumulative contribution rate 49.16 80. 25 95. 29

Z TR A 31.09% 5 46 3 T Lo R AE(E M 0. 75,
T5ZE BTRRCR N 15, 04% 534 F 4 Bt 2= sik R
PKF 95.29% , AT DL e 90 %6 LA b 5 52 5 B AE 1Y
HE . DB R 6 Y 5 4 3 R A TR A 4R
b B BCH Y 34 B AR B R B R4 H Y
15 F B3 REAE A B R, AR R MR R (R D 15 3
3~ F A 11 bR A AR
F,=—0.33X,—0.09X,40.55X,+0.53X,+0.55X;
(D
F,=0.44X,+0.65X,—0.35X,+0.35X,+0.38X,(2)
F,=0.75X,—0.63X,+0.06X,+0.15X,—0.13X5(3)
K Fy F R E 5000 R 1L FE R4 2 = B4
SHIAT A3 5 X0~ X, 43 0 O ] 5 P DR W 38 b AT
T A TR B I 2 s o A Ak S B
K 4% 3 A KR Y 7 22 BT KR AE R B TR R
JIT o He B R ACER MR AR T 43 A5 0 R0 OGE IR A AN FE SR
1FER A AR AT BT Ny
ZF=0.52U1+0.33U240.16U3 4

K ZF WG4 40 A5 o0 i AR e 2 50 5 R AT
Ul~U3 R BT A e bn R 8 R B . L5550
o, S245 4t e, L R LR A 1R 2 D BIR AR IR
J&S1.S3.S4MIS5(£8).

FHERORTH, A K R EIE Y & 5
SRR BBE L RE ORRE DR D e B R A
FIEAH G (P<C0. 05) 3 i JEU 3 it 15 ik L By
KA B B pH BB R R AL AL S 2
& TUR G (P<C0. 05) , 5 b kL AT 2 25 i 2 W 3% 1F
MR (P<<0.05) ; Al &R 5 &K E 2 B EIE
AH G (P<<0. 05) , 5 B, 14 9l 2 il 52 12 2 1 AH OC (P<<
0.05) s F 77 5 + 5 F ML 2 W F IE kP
0.05), 5k ki 5t 5 2 97 A 5C (P<<0. 05) ; Bl 5 1
A AL BT RN UE A 0 R AE OC (P<20.05) , H
RO AN pH 5 1 2 77140 ¢ (P<<0. 05)

2.8 AERMTEREYBHESEERMREX
S5
P 7 Ca) BT, A A A1) K P L A 2 A D
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Table 8 Comprehensive evaluation results of grape berry quality

ERIy
A EERE Principal component LAy HEF
Soil sample Comprehensive score  Ranking
PC1 PC2 PC3
S1 0.35 0.07 —0.99 0.32 2
S2 1.95 1.20 0.53 3.68 1
S3 —2.42 0.99 0.28 —1.15 3
S4 —0.06 —1.91 0.74 —1.24 4
S5 0.19 —0.35 —1.45 —1.61 5

R TERFERERRERMEXESN

Table 9 Correlation analysis between soil factors and the quality of grape berries

Ei=Rn AL EDE W) i SO AT E TR oy paNis

Index Soluble solids Reducing sugar  Titratable acid ~ Tannin ~ Total phenol
A BE Available phosphorus —0.12 0.08 —0.21 —0.34 —0. 38
HEALER Available potassium 0.59” —0.41" —0.28 —0.24 —0.31
B A% A Alkali hydrolyzed nitrogen 0.23 —0.21 0.08 —0.21 —0.11
+ 34 ML Soil organic matter 0.14 0.08 0.25 0.67" 0.69”
+ 5 & 7K # Soil moisture content 0.28 —0.73" 0.42 0.01 0.13
W Total phosphorus 0.48™ —0.677 0.19 —0.12 —0.04
& Total nitrogen —0.02 —0.94" 0.23 —0.20 —0.34
pH 0.18 —0.37 —0.34 —0.04 —0.37
HL 5K Electric conductivity 0.36" —0.49" 0.30 0.07 0.19
FiRL Clay —0.04 —0.40 0.02 0.23 —0.06
kL Silt 0. 38 —0.49" 0.06 —0.47" —0.32
fib ki Sand —0.24 0.58" —0.05 0.20 0.26
ol % L E B Catalase 0.30 —0.76" 0.16 0. 00 —0.11
Ik it§ Urease 0.717 —0.25 0.01 0.15 0. 26
4 K i Cellulase —0.35 0.53" 0.16 —0.11 0.15
16 P 1 12 i Alkaline phosphatase 0.67" 0.04 —0.44 0.22 0.10
B EE Amylase 0.39° —0.08 0.19 0.33 0.44°
HEWE B Sucrase —0.28 —0.17 —0.10 0.24 —0.08

A B FRRTE 0. 05 F1 0. 01 /K E 22 B3, T,

Note: The significant differences are marked with * and ** at the levels of 0. 05 and 0. 01, respectively. The same below.
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Fig. 7 Correlation analysis between soil bacterial (a) and fungal (b) communities and grape quality
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