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The improvement effect and mechanism of conservation tillage measures on
soil structure in wine vineyards

YANG Fan', ZHANG Liang'?, CHENG Chunying', ZHAO Xinru', YANG Sigi',
SANG Qiangian', XUE Tingting'?
(1. College of Enology and Horticulture, Ningxia University, Yinchuan 750021, Ningxia, China; 2. Engineering Research
Center of Grape and Wine, Ministry of Education/Ningxia Grape and Wine Engineering Technology Center, Ningxia
University, Yinchuan 750021, Ningxia, China)

Abstract: [Objective] The objective is to investigate the changes in soil physicochemical properties,
aggregates and microbial communities in the wine vineyards at the eastern foot of Helan Mountains in Ningxia
under conservation tillage measures, and to elucidate the correlation between soil physicochemical properties
and microbial communities. [Method] Taking the wine grape variety Vitis vinifera ‘ Cabernet Sauvignon® as
the experimental material, natural grass (NT), branch mulching (CTS), and natural grass + branch mulching
(NTS) were set up as treatments and clean tillage (ck) was used as the control. The indicators such as soil pH,

electrical conductivity (EC), aggregate stability, nitrogen, phosphorus, potassium, organic matter contents, and
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relative abundance and diversity of bacteria and fungi were measured and analyzed in the wine vineyards during
the flowering period (May), fruit swelling period (July), and fruit ripening period (September). [Result] (1)
Compared with ck, NT, CTS, and NTS treatments significantly increased soil pH and total phosphorus, alkali-
hydrolyzable nitrogen, available phosphorus, and organic matter contents at different growth stages of the
grapes (P<<0.05). In September, the soil organic matter content in NT, CTS, and NTS treatments increased by
34.71%, 93.33%, and 68.73%, respectively. (2) Compared with ck, the stability of soil aggregates under NT,
CTS, and NTS treatments was significantly improved (P<<0.05). Particularly in September, NTS significantly
increased the mean weight diameter (MWD) of aggregates by 26.23%, the mean geometric diameter (MGD) of
aggregates by 67.65%, and the percentage of aggregates larger than 0.250 mm (R »5) by 31.33%, resulting in an
improvement in soil structure. (3) NT, CTS, and NTS treatments significantly increased the relative abundance
and diversity of bacteria and fungi in the soil (P<<0.05), and altered the microbial community structure.
[Conclusion] NT, CTS, and NTS treatments can significantly improve soil physical-chemical and microbial
properties in the ‘Cabernet Sauvignon’ vineyard. [Ch, 4 fig. 3 tab. 54 ref.]
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FHERER T L ATEIE DY, IS (TN) R AP E Z0EME ;. HIEA LT (SOM) R H 55 FR 1 41 i 4
PAE .
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123.59% . 85.74%. PRI HERFER ERE SIS in L HEA WL BT 7040, #F 9 H, NT. CTS. NTS Zb#+
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Table 1  Soil physicochemical properties of wine vineyards under different treatments at different periods

HeAe/ 2R/ 2t/ WA AL AL AHLBY
(uS-em™) (g-kg") (gkg’)  (mgkg)  (mg-kg') (mg-kg") (g-kgh)
ck 7.99+0.05a 144.67+6.71c  0.08£0.01a  0.70+0.06a  7.93+0.81b 30.65+0.24c 162.43+7.41d 9.46+0.36 b
NT 7.83£0.04b 200.33+6.18 b  0.09+0.01a  0.30+0.02b  9.33+0.81 b 50.80+0.47a 225.58+10.11b 7.66+0.95 ¢
CTS 7.64+0.03¢c 126.23+429c  0.08£0.01a  0.28+0.01b  9.80+1.40b 36.27+1.17b 190.51£10.53 ¢  11.34+0.38 a
NTS 7.76+0.04b 325.00£36.35a 0.10£0.01a  0.26£0.01 b 13.07+1.62a 26.68+0.47d 250.24+7.58 a 9.19+0.57 b

Aty &m o

ck 8.37+0.04a 124.00£4.50c  0.09+0.01c  0.51+0.01a  8.87+0.81a 52.97+2.09d 240.75+10.64b 5.55+0.27 ¢
NT 7.74+0.05b 114.47£942c¢  0.10£0.01 ab 0.67£0.01a  9.10+0.70 a 73.84+0.71b 198.29+11.90 ¢ 6.41+0.27 b

7
CTS 8.55+0.06a 162.37+£520b  0.10+0.01b  0.49+0.01a  9.33+0.40a 83.59+2.95a 259.86+16.75ab  7.74+0.23 a
NTS 8.48+0.03a 245.40+12.21a 0.10+0.0la  0.28+0.01b  8.17+0.40a 57.92+1.42c 278.45+18.20a 6.57£0.47 b
ck 8.87+0.02a 115.63+4.66a  0.09+0.01c  0.24+0.01b 14.47+2.14a 27.77£0.71b 174.82+9.30 a 4.35+£0.38 ¢

9 NT 8.04+£0.02b  1554+£3.60a  0.10+0.01b  0.26+0.02b 15.87+0.81a 30.70+0.71a 177.59+7.77 a 5.86+0.26 be

CTS 8.36+0.01a 90.2+1.61a  0.10£0.01b  0.33+0.03a 14.93+3.52a 62.09+0.71a 228.22+5.40a 8.41+1.28 a
NTS 8.28+0.02a  88.17+0.35b  0.11£0.01a  0.34+0.02a 14.47+f1.62a 51.58+0.97a 183.92+13.98a 7.34+0.19 ab

VL B M ERE2E . ok Rk NT. HSRAERT; CTS. Mi&E T, NTS. ARAF+RIAE S . ANH/NG FREFR R AR A H
ZIAAE B EZER (P<0.05).
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22,1 BIEARBALLR PRI EEREE R X A [ Az K i I R 4 4 bl p A S SRR & 1 T
o R HEF RAK DL > 0.250~2.000 mm B /NFIRAK T, FESH, 5 kA, NTABEWE T
>0.250~2.000 mm Fl <0.053 mm (1) 4 38 A R A it & 53 % ;. CTS &L #3E I 1 > 2.000 F1 > 0.250~2.000
mm [ 4 38 A AR5 48 NTS BEAIE T >2.000 1 <0.053 mm [ 3 A B R 5 i 43 8 (P<<0.05). 7E
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Figure 1 Composition of soil aggregates in different treatments at different stages

7 H, NT ZLFEREK T >0.250~2.000 F1<0.053 mm [ -IEFRAE TR /25, CTS AL ERIN T >0.250~
2.000 F1<<0.053 mm At + 358 A B4R 5 B 40 %% (P<<0.05). 7E 9 H, NT F1 NTS &b BB i1 T > 0.250~2.000
mm F¥ 5 A B AR R 405, CTS ABBE I T >2.000 F1>>0.250~2.000 mm F¥) 1 358 A B 14 i 43 4k, %%
KT, PR S, B2 NT. CTS FI NTS 4bBE 2881 384 > 0.250~2.000 mm B [ B 1A i
I3E, 31<0.053 mm 38 P B A TR PR A

222 EXERARKMBEN RRTV-H 0 & 2 MWD), JLF ¥ E 42 (GWD) A1 48 K F 0.250
mm FRIE G 53 (Ry,s) BT EMN TR A R IR E R EE e br, HEBEM K g mte. SH, 5
ck AL, NT. CTS I NTS 4bFE & 1M 1 JU 3 BAR T Ry,5(P<0.05, % 2). 7H, {UA CTS &b
W EREAR TP R HAR (P<<0.05), HAthsbFEM 2= S AR E . 9 H, 5 ck MLk, NT. CTS 5 NTS 4b3f
(35 i B4R . JUAEY EAR T Ryos AL AR 3%, NT. CTS Al NTS AbBE 35 it B4 B @ T
22.95%. 36.07%. 26.23%, JLATF-34 B4 5 514 & T 50.00%. 38.24%. 67.65%, Ry, 53 53N T
26.46% . 41.14%. 31.33%., % FFTiR, NT. CTS FI NTS &b B3N T + 3 RACE Y R e . U
YIHARH Ryos B, oh5E T IS5

x2 AEERKHATELEN T EARERE ISR

Table 2 Soil aggregates stability indicators of different treatment at different stages

ER Ak MWD/mm GWD/mm Ro5/%
ck 0.76+0.03 a 0.41£0.01 b 52.60+£1.09 b
NT 0.86+0.02 a 0.52+0.01 a 66.04+0.87 a
: CTS 0.88+0.08 a 0.54+0.06 a 63.57+4.32 a
NTS 0.82+0.03 a 0.53£0.03 a 63.62+2.67 a
ck 1.18+0.03 a 0.74£0.03 a 74.79+0.71 a
NT 1.2740.01 a 0.92+0.01 a 84.19+0.82 a
! CTS 1.00+0.09 b 0.7240.15 a 72.96+8.50 a
NTS 1.2420.04 a 0.83+0.01 a 77.92+1.80 a
ck 0.61+0.01 ¢ 0.34+0.00 ¢ 41.49+0.61 ¢
NT 0.75£0.02 b 0.5120.06 ab 52.47+1.68 b
’ CTS 0.83+0.03 a 0.47+0.04 b 58.57+131a
NTS 0.77£0.03 b 0.57+0.06 a 54.49+2.34 b

Vi B NP hR 2 . ok WHF; NT. HARAERT; CTS. M4 G NTS. AR TR 4 36 . MWD, EX R A%
GWD. JLAIPFH AR Ry,s. 13 >0.250 mm HIRMH 4 . AE/NG FRER R R B [0 777 535 25 5 (P<<0.05)

2.3 RIPEFHERE X ERE A E T ER AW ESE R0
23.1 XEBMAMBEL ;KRR EAYMIERLE A, EITKFEL, ck. NT, CTS, NTS ZbBHAGZH
B T27KE 83500 8.00, 9.67. 10.00, 10.33. 4 PALEEAT 4 ASHIRARIZL T HIEANEE T K ERE KL
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Figure 2 Microbial composition of soils of different aggregates under different treatments
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Table 3  Soil microbial alpha diversity indicators of different aggregates under different treatments

Qb3 Figl/mm Gl i
Chaol Shannon Simpson Chaol Shannon Simpson
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Figure 3 NMDS analysis of different aggregates of soil under different treatments
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Figure 4 Spearman correlation analysis of soil physicochemical properties and soil microorganisms in wine vineyards under different treatments
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