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RifkBA LERR T ERBEHIFELE, [FH]2024F5 AAE k&2’ Vitis vinifera ‘Cabernet Sauvignon” %
BERAT &, RAMARK AR, ZKEFRTBBRA -+ TR (LKY). AR ERA N (LW) AR RER PR A [ 2R
(ck)] S 34422, 24N ERHE AR LIERIEAF. AREFIE, RASZBEEMNSONMEE, RELKEY
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(P<<0.05); LW &3N3 LI AIFAE LR M E 4, QLKY B2H3Z 13 F A EAR L LR R BRI (P<0.05),
LW 4220 2 B3k A RAR Bk, G2 K R A1 B F ¥k LI A A% 4 H (P<0.05). @LKY 43 )5 R 5 TiF %
B, aEE., RAELH ., RAZEAWM, RAHED . REEEAARMATENEEZS T LW A= ck & 2 (P<0.05).
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*HRF, [£#]IKYS LWARS BT R R TERAMER, RALLEMABEREN, RERZRA, L F
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Abstract: [Objective] This study aims to evaluate the effects of two organic amendments—mineral-source
potassium fulvate combined with a root-guard agent (LKY) and a microbial inoculant (LW) —on soil
physicochemical properties, microbial community structure, and grape fruit quality in arid regions, so as to

provide data support for selecting effective soil-improvement schemes in production areas. [Method] A field
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experiment was conducted in a Vitis vinifera ‘Cabernet Sauvignon’ vineyard in May 2024 using a randomized
block design, with three treatments: LKY, LW, and a control with no organic amendment (ck). Soil
physicochemical indicators and aggregate characteristics in the vineyard at different periods were analyzed and
determined. High-throughput sequencing was employed to analyze the microbial community structure of soil
and fruit skin. Fruit quality, phenolic substances, and yield were also measured. [Result] (1) LKY treatment
significantly reduced soil pH and increased the content of available nutrients, especially available nitrogen
(P<<0.05), while LW treatment enhanced soil organic matter and total nitrogen. (2) LKY treatment significantly
increased the proportion and stability of medium-sized soil aggregates (P<<0.05), while LW treatment primarily
increased the proportion of large aggregates. (3) Both amendments significantly affected soil bacterial and
microbial community structure (P<<0.05). (4) The titratable acidity, hundred-seed weight, total phenols in the
peel and seeds, total flavonoids in the peel and seeds, and yield under LKY treatment were significantly higher
than those under LW and ck treatments (P<<0.05). (5) Spearman correlation and Mantel test analysis showed
that soil total phosphorus, aggregates larger than 0.25 mm, and soil pH were key factors affecting soil bacterial
community structure and fruit quality. [Conclusion] Both LKY and LW treatments can improve fruit quality
by modifying soil physicochemical properties and optimizing the structure of soil bacterial communities.
Among them, LKY treatment achieve a comprehensive improvement in yield, flavor, and functional
components by regulating soil pH and increasing soil available nutrients. [Ch, 7 fig. 5 tab. 32 ref.]

Key words: organic amendments; vineyard; soil physicochemical properties; microbial community; fruit

quality

T L IR R v B R RO TR #  Vitis vinifera 721X, #E 2024 AFERP A FAE A 4.0 77
hm?, (7 4 [ oL T BUIE 40%0 ., i X AL+ 5 X, AR KR 2 200.0 mm,  #E & ik 2 000.0 mm.
AR LN E, Bk S, RS RORLRS . SRR ORI M2 . AR MR VE RS R, TR
HEEAHUE . AR ES, HRERREMEE . XU E R4 THEARR T F20 W 8 RS m
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WA L BRI AL B R 6 B BRI R AR X R e SR TR . R W TR R R 2 R S TR R
M), B AT S S T A DR ) SR I A B R S T TR AR R ], A 7 DR 8 44 T v A0 EL XU A B ) e
R 7 R S

1 MBS &*

1.1 RIE LR

W5 X Ar T 77 BB A A KB 2 1 2R FE P 45 4 P AR (37°43'~39°05'N, 105°45'~106°27'E), %X
BOEHE IR TEN, =10 CAEAZURIE N 3 000~3 300 °C, BRIRE K, 4FEH BB T 3000.0h, 4EFH
M 150.0~200.0 mm, 2 BB B T ROV AR S R GE . IR T ok i e R
‘Cabernet Sauvignon’ #j%j e N . 2024 4F 5 F 5§ - HEEARIALPERT . 0~20 cm 12)Z pH i 9.08,
SN 474.67 uS-em”, HHUTH 15.67 g-kg™, WAFA N 10.86 mg-kg ™', HUBEH 21.47 mg kg, AL
Bk 286.85 mg-kg !, AN 024 g-kg!', WM 91.65 mg-kg'; 20~40 cm +JZ pH K 8.86, HLFFN
446.67 puS+em™', FHHLF A 14.68 g-kg ', AN 5.99 mg-kg', HAUHE R 13.86 mg-kg™', HALE K
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253.05mg kg, AN 0.22g kg, &WiHN 96.52 mg-kg ',
1.2 REAHR

BERA R 12 45 OREER A, [ FIEAAL, SRR IR B IR + b AR . Sl ek R
YA AR 1) H R R R . W U B R AT + 3 TARE TRRME Ak R B A R AR, o Wkhaisr R
WY IR R . AR . AALER, TR N 56% . 75% . 13%, pH A 10.4 CBAEKIET T Z A6
Ao AR W R TR R BE T SRR T AR R A BRA F L A% O Rk B 43 R A R ZE SRR TR Bacillus
subtilis . WA ZE KT & Bacillus licheniformis . % V€ ¥ 2F 4T & Bacillus amyloliquefaciens, A5 5351 h
167, 177, 19.0424>-mL™", S 53.4 /24> -mL™", pH 2y 5.0 CBUHE R IR TR AR A 22 FE 4G 30 412
o
1.3 RWAHE
1.3.1 Rt F 2024485, 7. 9 AJFRIR. X0 S IR E R 497 TR (LKY). MEDS R
B (LW) RIS HLEC R R [ IE (ck)] 55 3 AN, AP 3 kiR . LL 1S m A7 KA1 T1E R 14
INIX, FREFATHE 2.5 m, BREE 0.8 mo £5/NXH ML BRI — 2. A 3 AERKEA WAL 1 Wk, B A
HEHE M 30 t-hm 2, FHAEAA BT ICHLK AL 600 kg-hm 2, AEFEBER 3 150 t-hm2; [ a) 5% 5 HFE 5
B CEMIA TR, LKY ZbBR . 4% 301454/ 0N X FH A 5 35 85 R 0 0.33 ke+4 AR 1.67 ke, B
KO.16t, o4 Wt LW ARBE: £ RS /Nt A ek R R 333 mL, #BEHIK 0.16 t, Jf
Oy 4 Ut s ok AbEE . 5 EHI BRI XORit FATA] -3 KR, A4 4 WKitiZK 0.16 t.

132 #HawRELSam HHEHERSNT 7. 9 ARE. BEAES/NXARE 3 DEEHN, Fk
WREHEYG, FEERE 0~20, 20~40 cm 2 FUR L, FATLFELSE . RO T 9 H 23 HRE,
INXBEMLIE 5 BRE B — B 25 R BRSPS 1 8, A KR RES I INIRIAAE . B EE S E 1]
SR E T IR SRS

1.4 3BHRNE

141 XA Z RS R E -8 pH, I TR R HEA YL T AU
oAl 553 Bt /D), TR ORI A R A A, SRR R B . U EAR . >0.25 mm
R B A BTN AT R AR e T

142 EEMAMFREEEHAESHNE  OFEMBTIAAELS DNA . FREL0.2~0.5 g TIEFES, &4
ZUHFIEEAY 60 Hz WP 5, R OMEGA Soil DNA Kit $#2HUE DNA . 5523 fe Ak Wy 5o 0 T A 25 SR 48
BORSE, MAGERGIREUR DNA, #EU7ES R . B0 Y255 B k5 NanoDrop #:ill
SEREME M A, DA RS 2L R A i E U N (PCR) §7 5 25K . @PCR 4734 5 CEM . 4HPE 16S rRNA
FEY Xl V3~V4 X, 51914 338F (5-ACTCCTACGGGAGGCAGCA-3') Fil 806R (5-GGACTACHVG
GGTWTCTAAT-3"), FLB ITS XY XN ITS1, 5144 1TSS (5-GGAAGTAAAAGTCGTAACAAGG-3')
MIITS2 (5'-GCTGCGTTCTTCATCGATGC-3"), PCR WK ZR 25 uL, PCR ;=24 it 74 2% BifigHiisE
LKA S, Axygen SEE FIBGRF g 2tk . G il &t T 58k 0. 2i4k)5 19 PCR =92k H
Quant-iT PicoGreen dsDNA Assay Kit i 15, JF4% 55 BE/R LB & o 4 F Illumina TruSeq Nano DNA LT
Library Prep Kit ¥4 #:0] % SC 2, SCJFE 4 Agilent 2100 Bioanalyzer it £ & #% J5 , {# A Illumina NovaSeq
6000 “F- & HEFT 2x250 bp XY .

J 4y I B 5 QIIME2 (v2019.4) P 5 #E AT B ds . oM . DRHERHR SR LBR, A AR IE 7 51
(ASVs). BT8R Greengenes B E AT WAL RE, E )P HIRA UNITE B4 E . LBRFEMT
SO F L 0.001% B9 3 5 TP 5178 54K (ASVs) J5, A THBRIN P IR B2 22 5o 5k Z AR B s, I AE A
iz fe /NI B AT AT AR B . AR A A OE 2 25 000 5)F 5, ELE AR E 10 000 &£F5), HEAT
Alpha Z F: 43 #1 (Chaol 8 %% . Shannon 5 #{ . Good’s coverage 1§ %%). Good’s coverage 5 %¥ (Good’s
nonparametric coverage estimator) F 115 #7% H13F singleton ¥ 50 (BN E] 1 K E9 ASV/OTU) 5 r g
PIFR EL B, DL PTAT I Xe BE S v e B T AR o T2 S0 R DDA AR v A A I 1 A o A
b HAt Bk YE Good™ #2 H I AES B ik, [FIBTHEAT Beta 2R 4041 34T UniFrac B 25 04 324
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BT (PCoA) 153 FE it £ 4k JUHE 43 B (NMDS)]. 4118] 22 57 R ) & 4 2 I 7 22 43 Mt (PERMANOVA) £
¥y, SEER 453 HT R SparCC 8k 7 1 1B 2 Bk
143 R EgEAanE SRAFREE I T EIEY, AR GB/T 15038—2006 CH 451 . S48
SIRTITIR ), SR PR A v (DA R 1) W mI i R T v B . RS Ay . ST SR
FE AR, N R FIAREAR- 1 Rk WAL R DU . pH/R ZKIE . 2 MARINOVA 450 R
2 AEOT 5 1 DN A B R A A T S S | B -3 R A
144 FEHAFME  B/NXGER 3 HRACERMAMR, SO s R, FRECARETF s, JFiHHErk
FEhE, AT B
1.5 Zitsth

K SPSS 26.0 #EAT R Ak 5 ST VRS, WAL SR AR R AT BN Z O 2250 (ANOVA) K
Duncan £ & H.# (P<<0.05). A 2 214 % 2% F Kruskal-Wallis 3F 2 80K % . i ] Origin 2022 £ &,
Canoco 5.0 FEATTUAY T (RDA), K Mantel #5643 Mr 325 5 18 b5 -5 RS2 25 A HR BRI I

2 HERGAHM

21 BMRFIX T EEA SR

LKY . LW ZbHXF 4 35 Bk v o A 1 P 3R S At 8] 5 2Pk, 7 H, LKY. LW AbBES i 2%
AR pH (P<<0.05). LKY., LW &b 24 7 0~20 cm + 2 L3 5% (P<0.05), 591341 13.90% .
7.80%; LKY AbF 48 HIEmiif Al . DI, LW AbBE W E e A LT . .
A (P<0.05). 9 A, LKY kb Z A% 13 pH JF4R T T3l A0, LW ZbH) i 5 3 T 3 4
T AR (P<0.05). 7F 20~40 cm + )2, LKY AbFH S E 3 T; 3k (P<<0.05), #4177 100.21%.
AR T, LKY. LW Kb REAG RGeS 385 kol Hoh LKY AbBRREAR 438 pH JE42 71 H 38 %0
5%, LW SNSRI AR 5 e, WEMBCREEZ . AmEEER GR 1),
2.2 BHMRFII T ERAREE R

7. 9 A, LKY AbHf 43 R 0R (5 B 3 T LW AR ok (P<<0.05), 1fif LW Ab 2 + 358 K A R fk
A7 L T LKY A FE | ck (P<<0.05), ck AbERAY -+ HEMPR+ZRL 5 Fode s s LKY AbBRAY 3872 i

&1 AREBEHK R E T ER A RA
Table 1 Effects of different organic amendments on the physicochemical properties of the vineyard soil
pH FL 3/ (uS-em ™) AHLE (g ke ™) DA% A/ (mg- kg ™)
0~20 20~40 0~20 20~40 0~20 20~40 0~20 20~40 cm
LKY  8.87+0.02c  8.89+0.02b 248.30+2.50a 213.70£5.00c  12.04+0.43c 12.65+0.33¢c  131.13+7.83a 214.00£5.30 a

Aty 4k

7 Lw 8.98£0.03b  9.03+0.01a  235.00+£5.00b 229.00+1.00b  16.26£0.70a  14.96+0.32 a 88.90+2.62b 137.90£6.70 b
ck 9.06£0.01a  8.92+0.02b 218.00+4.50c 298.00+5.50a  14.48+0.49b 13.71+0.66 b 74.20+4.39¢c  72.30+£5.90 ¢

LKY  891+£0.06c  8.66+0.06c  111.00£2.00c 108.70£2.52¢  15.30+0.20b 11.90+0.40c  217.93+5.44a 137.70£7.60 a
9 LW 9.04£0.02b  9.06+0.02a  118.70+1.53b 145.70+4.51a  1530+0.20b 14.30£0.30b  137.90+6.81b 102.20+8.40 b

ck 9.13+0.02 a 8.95+0.03b  128.30+3.18a 118.00+3.06 b  17.50+0.50 a 16.70+0.30 a 72.33+£5.90 ¢ 66.70+5.10 ¢
L/ (mg- kg ™) B (mg- kg™ 2H /(g kg™ SeWi/(mg- kg™
Aty b
0~20 20~40 0~20 20~40 0~20 20~40 0~20 20~40 cm

LKY 73.70£3.30b 67.50+1.20b 98.61+6.28a  93.69+10.42b  0.49+£0.03c  0.43£0.03b 36.50+0.60a  44.50+0.90 a
7 LW  97.70£5.70a 78.00+4.50 a 85.22+5.39b 102.38+4.65a 0.85+0.02a  0.60+0.01 a 32.50+1.10b  34.50+0.80 b

ck 65.90£1.50 ¢ 56.40+1.10 ¢ 86.52+8.07b  92.75+4.65b 0.58+0.01b  0.40+0.01 b 32.70+0.90b  32.30+0.70 b

LKY 62.10£2.50a 95.10+1.10a  86.29+847b  93.04+3.57a  0.43x0.01b  039£0.02¢c  50.50£1.00a  48.90+1.40a
9 LW  6230£6.90a 72.50£1.10b  90.07+4.36a  75.83£7.30c  0.60£0.02a  0.46x0.02a  42.30£0.80b  40.60£1.10 b
ck  6230£3.50a 47.50£0.70c  77.98+5.52c¢  86.57+7.81b  0.40£0.01c  0.42+0.01b  3850+£1.50c  36.70+0.80 ¢

UL s AR [R/NG FRE R R AN R Ak B8 R) 2% 5 i 2 (P<<0.05),




A3 EH AW R ARG b AR R YR ORI R 5

BAR . U2 AR K >0.25 mm S8 A SR R 3 0 B A0 T H AL B (P<<0.05)., #E{RRT,
LKY b 35 A5 ) F 42 T 3 B AA (5 e 5 3 P B AR e . LW A B 34 A o 7 - 8 T B A
F, ok b - 8 PH B GE AR R 422 (5 2).

&2 AEBEHSR X% 158 F R R0
Table 2  Effects of different organic amendments on soil aggregates of the vineyard soil

A b3 KERA/mm A BIR A /mm ] R A/mm Bk B/ mm P4 5T EA /mm JUEE A /mm >0.25 mmPERIR BT & 5350%

LKY 4.71+026b 37.15£2.69a 28.16£0.99b 29.97+1.48b 0.58+0.00 a 0.27+0.00 a 41.86+0.27 a
7 LW 573£0.22a 29.97+0.45b 33.62+0.77a 30.68+0.83 b 0.53+0.00 b 0.24+0.00 b 35.70+0.45 b
ck 3.90+0.18 ¢ 22.89+0.14c 34.92+0.37a 38.29+0.07 a 0.41£0.00 ¢ 0.18+0.00 ¢ 26.79+0.07 ¢
LKY 4.50+0.18b 40.97+1.26a 26.41+£0.64c 28.12+1.46b 0.62+0.01 a 0.30+0.00 a 4547037 a
9 LW 6.94+0.19a 33.65£1.04b 31.21+0.66a 28.20+0.76 b 0.60+0.00 b 0.28+0.00 b 40.59+0.32 b
ck 4.71+0.32b 34.46+0.88b 29.15+0.51b 31.67+1.07 a 0.56+0.00 ¢ 0.26+0.00 ¢ 39.17+0.41 ¢

B R/ NE R R AN R AR B A 22 5 .25 (P<<0.05).

2.3 BRI T IEREYBEN I
231 LRMAEMFE Alpha ZHESH LKY H  R3 FHELEAE.EEHH Alpha ZHIEEH
LW AbFRZH 19 140 74 Chaol F84U%R ck Zb PR3 |42 Table3  Alpha-diversity indices of soil bacteria and fungi of the

7+ 3.94% . 3.85%, A25HAIAEE/KF. Shannon ~____vineyardsol

SR A T 0 2 5, BWTRCB ARG g 9 ChaolH  Shamontistc O°000 €0'eree
X+ SRANTR VS Z R L B 5 R . LKY A F Y LKY 3913.04+219.72a 10.76+0.12a  99.73+0.05 a
+ 3 B Chaol FE%%L ck AbFHIE T} 49.67%, LW Ab P LW 3909.5049545a 10.78+0.08a  99.67+0.06 a
PRAY £ 58 B Chaol 48 48 ok 4b BT B 3.55%, ck  3764.66:87.86a 10.8140.10a  99.69+0.09 a
LKY 4t ¥ Shannon 5 £ #¢ ck &b ¥ F Tt 0.96%, 1M LKY 204.80+35.03a 4.1940.15a  99.99+0.00 a
LW 4b 38 Shannon #5 50#% ok 4b 38 & F F% 13.73%. HE LW 131.97+49.32a  3.58+044a  99.99+0.00
) ﬁ*ﬁﬁﬁ%ﬁfilmﬂ]%ﬁgﬁﬁo éﬁ%(ﬂ“?%% ck 136.83+12.91a  4.15+0.16a 100.00+0.00 a
BE (20T =99.60% . B =99.99%) AT, U EE B fﬁ@g;f&%ﬁmﬁww'ﬁﬁ A

T SR REVE Z AR I TR oK (32 3)0

232 XEMAMBEZARSN LKY. LW AHEE AN E BRI T 1K LD 8RN AR TE 1]
Proteobacteria 5 2f PR fifl i ] Gemmatimonadota, #HX}=F B 435 Fa 2 7F 21%~24% . 19%~25% (K] 1A); 7E
T EEBEE TR E, LW AR T ] Ascomycota AR 32 B 5 25 (G5 99%), #54b B H] 25 5 K55
FKF (K 1B), 1E HIEMEREE B /K I, LKY Zb3 Ay A A X 2w (K 1C); 78 -3 B R
VKB IKOE |, LKY 23R TRl B5E)R Botryotrichum WIAIXT EJE, ik 16%, LW AP T 452
)& Coniochaeta WIAHXTFFE, ik 17%, 5 ck MHLL2E FIAIA B E /K- (Kl 1D).

233 XIEMAMATE Beta SAEMSHT FAFRHT (PCoA) B R B Bl 2 4> A bnih i ke T35 4
FEREVEAS 1Y) 48.5%(Ch 1 4 35.1%, %l 2 S} 13.4%) . AIEIALBRAE S ITEE 1 BlEH 00, BaRH 2 Fhik R
I T H AN REIS 450 (] 2A). PERMANOVA #E—EE 524 i) 22 53 B 3 (F=2.02, R*=0.40, P-=
0.005, % 4), NMDS i 77 2 %K 0.000 1, /T 0.200 0, FEHH 2k P35 n] iR Sz LR AR ] 22 53 (18] 2B).
- 392 R TE VR T i B A E B R N 55, PCoA B 2 Al 3 i R 0 B R TS AR Y 52.9%(h 1N
30.8%, 12 K 22.1%), 3 FhAbERLAE S FEHETE R Py B3 (6 2C). PERMANOVA 455 /R 24 5
AN E (F=1.08, R*=0.27, P=0.357, % 4). NMDS Jij JJ &%~ 0.158 0, 3T 0.200 0, 507 &3 nl 42
(K 2D).

234 IEMAMME A FETILBMLE 3T, Tk Connector F3ifE (Z,<2.5, P;>0.62) By i
W, IR E YR ok E S JAAUUDOL 1 SpSt-583 (I 3A); 7E B HE RS T oC it g Al %8
FIARATIE TR ])E Unclassified p_Ascomycota (5] 3B)., X6 JE 7E A BT 2AEH , 2 5B EY
P/ el i
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i
. e < o = FHE]
= = U] = sELEn
s = SRR TAS X & 80 e,
= wEEHT z 70 n SRR
F A & gg
% =T %
X = AL 17750 = 40
m EEEE A T
= NG =0
i w HACBRTE R T T A S :4 10
= I ) 0
FEI
= Tl
= JLih K FFF
= RSA9 Y R
c = R D = s
100+ = K 100 = 61 £ F
< u SCGC-AG-212-123 < R
& 90 = PSRFO1 = 90 » AL )E
oo L = GWC2-73-18 2 g g
H# = AGII # . i
z 70 b " chgé"igé = 70 = W
60 L m % 60 T
ol 5 UBA4720 5 50 :E%ETJ’;EE
Z r ® DSGVO1 2 ] *EW&%’@E
E 40f = JABFSMOI1 — 40 LR Al kS
=l R S ok
S oSS mEE e 520 =
N e . %ﬁgﬁfiﬁ 0 _ v
= ik R RAL R R
SOEDLL S P w it SEEEEL S &P aiinim
FEFEVOV = AR SV w A2

A, BIBAE TP B LI IUR [ 1ACPREVE AL C. LI B ACF IR AR D, LI R AR R SB[ 2 S R
B E KT (P>0.05). AP 1# [ IProteobacteria; % HLfifd [ | JGemmatimonadota; ik B | ] Actinobacteriota; FZFF# [ JAcidobacteriota; 4375 &[]
Chloroflexota; FMUFF B[ IBacteroidota: FiBKE [ JAZr X Myxococcota_A; ¥4 1 [ JPlanctomycetota; H5:4T 5 B [ IMethylomirabilota; JSEER 1D
4y X Firmicutes_D; #E/ 15 [ ] Verrucomicrobiota; At 1 [ 1B4> 32 Desulfobacterota B; J&EE B | JA%) S Firmicutes_A; /Nl | Patescibacteria;
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Figure 1  Effects of different organic amendments on the relative abundance of vineyard soil bacteria and fungi
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Figure 2 Principal coordinate and non-metric multidimensional scaling analysis of vineyard soil bacterial and fungal communities
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Figure 3  Co-occurrence network analysis of vineyard soil microbial communities
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Table 5 Comparison of grape berry quality under different organic-amendment treatments
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Figure 4 Phenolic contents in grape skin and seed under different organic-amendment treatments
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