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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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Table 1  Soil physicochemical properties of wine vineyards under different treatments at different periods

LS/ 2R/ AW/ HRfite 2/ AL ALY AHLBY
(uS+em’™) (z-kgh (gkgh (mg'kg')  (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+0.81 b 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+0.03c 126.23+4.29c¢  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

Ay b pH

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+10.64 b 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+1221a 0.10£0.01a 0.28+0.01b  8.17+040a 57.92+1.42c 278.45+18.20a 6.57+0.47 b
ck 8.8740.02a 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+0.0la 90.2+1.61a  0.10+0.01b  0.33+0.03a 14.93+3.52a 62.09+0.71a 228.22+5.40a 8.41x1.28 a
NTS 8.28+0.02a  88.17+0.35b  0.11+0.01a  0.34+0.02a 14.47+1.62a 51.58+0.97a 183.92+13.98a 7.34+0.19 ab

Vil BRI YEAREZ . ok WEHE; NT. BARAHE; CTS. Bk 5 NTS. AR R AE S . AR/NG FRFRR AR R
) 25 5 B3 (P<<0.05),
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221 EERARKERAR PRYPERRVER A [R] A K S0 R 4 28 el p - P R AR A s an & 1 BT
o HIERIRIKLL>0.250~2.000 mm /N RIE S E, FESH, 5 ck MHEL, NT ZFEE N T >0.250~
2.000 mm F1<0.053 mm A9 1+ RT3 430 80 CTS ALFREE T >2.000 F1>0.250~2.000 mm F) + 152 A
RIRFT R340 NTS BRI T >2.000 F1<0.053 mm {9 1 58 A AR i i 5040 (P<0.05). 767 H, NT 4b#
FEAK T > 0.250~2.000 Fl <0.053 mm A9 + 48 AT J 44 Jot 5 4 %%, CTS 4b 3 5 25 34 in 7 > 0.250~2.000 F
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Figure 1 Composition of soil aggregates in different treatments at different stages
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S P SRR ST 4340, CTS ARBEEE I 1 >2.000 F1>0.250~2.000 mm 1) -4 P 5 040 Jo ik 53 A AR T 75
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f# <0.053 mm 38 PH B4 T it A BB A1

222 FHERAFARFLEE HREFEHFEES MWD), JUAFEEER (GWD) Al 9 KT 0.250 mm
IR E AL (Ryos) VM HIERI R IR M 2645, LR HIEAS A e . S, 5 ck M
Ft, NT. CTS Fl NTS 4b# 5 &5 1 U2 BAR A Ry s (P<0.05, £ 2). 7 H, A7 CTS AbH g 3
FEAR T F 3 i 5 AR (P<0.05), HAbbFEM2ZERARE. 9 H, 5 ck M, NT. CTS 5 NTS &bHEf#F
B AR . JLTE A AR Ry,s 286 35, NT. CTS Al NTS 4b 3 (- 34 i i A2 4R e 1
22.95%. 36.07%. 26.23%, JLA[ V¥ E %5054 T 50.00% . 38.24%. 67.65%, Ryas 53 340N T
26.46% . 41.14%. 31.33%. % iR, NT. CTS F1 NTS 4bBRIE N T + B RACSE Y i G Ae . LT
BIEABH Ry,s, B35 T HHELEH
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Table 2  Soil aggregates stability indicators of different treatment at different stages

At JOEE] MWD/mm GWD/mm R 25/%
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 1.27+0.01 a 0.92+0.01 a 84.19+0.82 a
7 CTS 1.00£0.09 b 0.72+0.15 a 72.96+8.50 a
NTS 1.2440.04 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 0.51+0.06 ab 52.47+1.68 b
? CTS 0.83+0.03 a 0.47+0.04 b 58.57+1.31a
NTS 0.77+0.03 b 0.57+0.06 a 54.49+2.34 b

VA B N RS o ok Bk NT. BARE®; CTS. K& E 5 ; NTS. HARAE M+ 4B 5. MWD, FX B B
GWD. JUFEIEAR; Rogs. 13 >0.250 mm BIREKE 43 L. FHIA /NG FhEFRR AN R b B R 22 57 5 2 (P<0.05),

23 FRIPEHHMEREXNRER S E L IEREMEENI D

231 REMAMBE S FA R EIPFERS R 7EMTKF B, ck. NT, CTS. NTS 434
12K 0008 8.00, 9.67, 10.00, 1033, 4 MbFRFN 4 HIRMAKIT LIRANG KEEERZ
HI 35 R T 1] Actinobacteriota. ZFJE T[] Proteobacteria. ZF BAff 1 [] Gemmatimonadota, 48X} 3% 5
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Figure 2 Microbial composition of soils of different aggregates under different treatments
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Table 3  Soil microbial a diversity indicators of different aggregates under different treatments
Qb3 A /mm A 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
3 3tk
3.1 RIPEFHERE XS TR R R
3 pH S0 HIEAE A — AR bR, RSO R pH X A A P A . NT, CTS Fil
NTS &b BRAECR AP AR it ] LAJA S 3 pH =, ABF5EE]: NT. CTS 1 NTS Ab B AE 5 Hif

%) L3 pH BRI AR W AN R R R s R IR 1258 pH, b NT 4B G 2R h 4 0f 1
i pH 2N FRAGE S, JF HACREN B3 X T REJE O A BB AR S BRI B, B8 T+



55 43 55 3 B WA PRI PRI it Xl TR A 4 el 38 1 i R R S A IR 593

MR, T ER IR IR B AR R A T A L 9 AR A WL, AT T 410 pHEY, ASHF ST
RN R A A el 38 pH R I — e AR ARG, X SR A P pH R AR B A G, A
Mg RE T REMXEK D, SEFHZE KRG, R8RS RZEREN N FE L5 pH FH&0Y, A
WF7E LA pH B, SR ARG AR B 7T L X (RN, SEE M RIZREN SR pH
T o PR ERHERS METE AT I RARRE NS R ), T BEE ROM AL B I (R R, R REFT /el £, X
S E5 AT — 803, RGN XFEE ck, NT. CTS Ml NTS AbBREHE T A %0 . A, &%
MBI AR ERRRE A RO I LIRS, (HREXT 2R S R ImAR /N,
WA AR . FROR RN B3R A AR [F]PY, A A i mT DA e . B A
PUBT S 438007 AR RORIRG 25 78 sl i R (IR 84 o . 0 13U B B FUK AR M A SR A, ol 3
PIFRPET . X SO B B A O AR R IR (AR B A R TR B TR AR AR FIAR R i 1Y
WiZ, ART R0 pH ML SR, MGE T BT RESRME . FAEKSE, BHERSA R, X5
H AR A BRI R S RMATE 4 LIESR A, R RE R TR A XD, A HLETR + 80 Iy Fnfgt pk
R EAE bR, RE MR E K E TR ETE, X LM ER R EUR . AP 5 ck
Ho, NT. CTS fINTS ZhFE @ EWEINT 7 A1 9 A L3P HLGT B /0 8, X R A b 2R PR R 3L [F /EH
ZER . B, HERASEPHESSE BIEA VR ALL; Hk, HARE SRR R S5 A B R ShiE )
FRARECRI 2, WO T B3R EGE, AR A PR R, SRS A RS R, T, A%
AR RSB R A SR A R R B R ELU T RN AT R R B it
3.2 RIPHEBHERE X T E B ER

+ S R RS - A R A R B AR Ay, ELRE RS A A . KA PR RRRE T AR IR A
AWFFERM . 5 ck M, NT I NTS ZFEBEHI T >0.250~2.000 mm -+ 35 A1 5K i 543 %0, CTS Ab B
T >0.250 mm A 3 R R R R R, LT <0.053 mm HIEHA RIATRE SR, X 4R
ELLIOTT™ fy#F 58— 2. X A& A NT Al CTS AbHEER I /D T A S o 5 %6 el -+ 340 sh il AR Fnsi i, X
BT ANURREA, (EEE T HEYAR R A EIERAEY S, e 2, g LRSS
PRI BN, IWIHRSE T RERRAIE R, AR kB : 765 f19 A, £403>2.000 mm
T R T o A AR, XS T R HIX 4 T A R N T DL RO - 5 AT SR A B B IR
Koo WHBFFESEH : A THOA R w0 52 i f0 T s+ e e e e 22, 2 AP shis/ N pkth £ 3 Ra
PERFCO 2, A ZIF 5T R B . 3P SRR RS e M 5 738 I it B AR AN LA P-4 B AR A HR T, 7
5H9 H, NT. CTS #l NTS &b i Z 38 hn 7 - ny- 1 B B AR . U3 E 48R >0.250 mm H1 Rk
HArte, FWX S PR RS it e 0% 1 3 P = A M AR E M . ARFAT A SR IR AR e M Y 1
5, BEAN T EHERE R T AR A FORR AR S ORI E B RV AR IR R £ . e
RIZ T KA NG, AR8E T KA RRAIE AL, I H 15 D R (8RR P A Iy 1 3
3.3 RIPMEBHERE BT LR E MBI TR ZN

IR R BN S, X SR IR AR R S ESIER, RIEM RIS
T YIRS AR AR AR R SR ER R I 2 O T IR R IR S, 1Y
N7 A S R AR R T TRERAF BT D) FIAEXT F5E . iX 5 TRIVEDI S5 AR 45 R —5 ., AR5
A SRA RN DA S IEECBE A 8, DA EATHER KT LR AR, ir AT DA A 3 ki 580 5 g 1Y
M ZAEEMEE B, XS5 ANPFRER -8, XOEH T ARERRERR SIS REDZ,
S HERCE AR KR E T IR E R, N T RN E S E M. AR,
CTS ¥4 7 HIERASTE 1] . ZFA OB T TR E B . ARTE ] )E T B3R, 25 HIEA UM
OYff, XAFA TS MRS R, BIVETTE B ET AV S HHE, GBS B3 Ty, MR
REAZ TR - 6wl T it 73 BOF AR RIHAEAE 00, R BT T AT ARG JL v - e - e APl . T i 10
TAE P RN 0 L R BAR T RE Z B OCIE, T LIRS HER % T3 mdl, 7 E S R G RS LR
SEAHE . XEAESY BBt R . A RS AT AR AT T T AR BT ISR BT . BRATRA R B
[T. AW, CTS 4bF N L 4E4A R A9 Chaol 1 Shannon 850 5 T ck A0, E.H ZHMEFEHON TG



594 WroIL R R K A R 2026 4E 6 F 20 H

RFEZES . X0 OB AR B S I 2 5ok TR R A MUBCR Yy, sEmife st 1 Y B 2
FEVER AL, i R B AR IR S N T, T LR R SR X BRI R A B
FERFECY BOTFER AR W BOEL S Al M A B R R . ARBETE, NT AR BEEGE IR E YA
BCHRCR FE CTS AR R IR 28, R RERE DR DB 2% (0 M i A 22 S i IR W i Aefb, & 2 AR R BT ae A
S AR R AEOR . HIEAIRIR B SAOS T A LRSS IS RS S, TRA SR AR A DL
JEEES A P RE— 2P A R TSR AR S ASBIESE v - e A T 1) ' B2 A2 A 52 > 0.250~2.000 mm 3 2]
R, X ATREZIN N NT F1 CTS AbBE Dy 3R TR R A LB, et T b R RIEHIE R, ik
AR AR BE T ORI BL], BETREIN T R M R B R R

4 i

NT. CTS Hl NTS &b HHHE 2 520 77 S 08 22 1L AR TR T 2 bl 1 SR A BRA A o L DAL R P o 23 AT
WEEWIE . 5 ck ML,  OREEERT BRINAAIRE P NT. CTS I NTS ZbHHERER T L5800 pH, f2m T
TR EE . R AYUR R E, E EARARE MR P R B A LT EAR AT > 0.250 mm
PR A e L T, JF ELARHE 7 AR RO R Z IR SE o 28, R 1 RS B W4ttty , i
fems T AR VR 2 REVE IR R R . AR R PR BV R AR 7 R 22 L DAY A R 4 T BB K
e, IO TR A 2 bl ) ] R A AR AL T ROR S Hr

5 ZF Xk

[1] CHEN Ruirui, SENBAYRAM M, BLAGODATSKY S, et al. Soil C and N availability determine the priming effect:
microbial N mining and stoichiometric decomposition theories[J]. Global Change Biology, 2014, 20(7): 2356-2367. DOL:
10.1111/gcb.12475.

[2] OLIVER D P, BRAMLEY R G V, RICHES D, et al. Review: soil physical and chemical properties as indicators of soil
quality in Australian viticulture [J]. Australian Journal of Grape and Wine Research, 2013, 19(2): 129-139. DOIL: 10.1111/
ajgw.12016.

[3] DELGADO-BAQUERIZO M, GARCIA-PALACIOS P, MILLA R, et al. Soil characteristics determine soil carbon and
nitrogen availability during leaf litter decomposition regardless of litter quality [J]. Soil Biology and Biochemistry, 2015, 81:
134-142. DOI: 10.1016/j.s0ilbi0.2014.11.009.

[4] COONAN E C, KIRKBY C A, KIRKEGAARD J A, et al. Microorganisms and nutrient stoichiometry as mediators of soil
organic matter dynamics [J]. Nutrient Cycling in Agroecosystems, 2020, 117(3): 273—-298. DOI: 10.1007/s10705-020-10076-8.

[5] DU Zhangliu, REN Tusheng, HU Chunsheng, et al. Soil aggregate stability and aggregate-associated carbon under different
tillage systems in the North China Plain[J]. Journal of Integrative Agriculture, 2013, 12(11): 2114-2123. DOI: 10.1016/
S2095-3119(13)60428-1.

(6] a3 bl AP AR I S BRI L 45 5 A SRR Boxh IR L5 HE T 52 [D]. 2822 iR Al K%, 2017. ZHANG
Ruijie. Effects of Hairy Vetch (Vicia villosa) Combining with Natural Grass on the Integrated Soil Fertility in Apple
Orchard[D]. Tai’an: Shandong Agricultural University, 2017. DOI: 10.7666/d.D01212412.

[7] GOLOSOV V N, COLLINS A L, DOBROVOLSKAYA N G, et al. Soil loss on the arable lands of the forest-steppe and
steppe zones of European Russia and Siberia during the period of intensive agriculture[J]. Geoderma, 2021, 381: 114678.
DOI: 10.1016/j.geoderma.2020.114678.

[8] VELOSO M G, ANGERS D A, CHANTIGNY M H, et al. Carbon accumulation and aggregation are mediated by fungi in a
subtropical soil under conservation agriculture[J]. Geoderma, 2020, 363: 114159. DOI: 10.1016/j.geoderma.2019.
114159.

[9] CHEN Yuexing, WEN Xiaoxia, SUN Yulin, et al. Mulching practices altered soil bacterial community structure and
improved orchard productivity and apple quality after five growing seasons [J1. Scientia Horticulturae, 2014, 172: 248-257.
DOI: 10.1016/j.scienta.2014.04.010.

[10] DARYANTO S, FU Bojie, WANG Lixin, et al. Quantitative synthesis on the ecosystem services of cover crops[J]. Earth-
Science Reviews, 2018, 185: 357-373. DOI: 10.1016/j.earscirev.2018.06.013.


https://doi.org/10.1111/gcb.12475
https://doi.org/10.1111/gcb.12475
https://doi.org/10.1111/ajgw.12016
https://doi.org/10.1111/ajgw.12016
https://doi.org/10.1111/ajgw.12016
https://doi.org/10.1016/j.soilbio.2014.11.009
https://doi.org/10.1016/j.soilbio.2014.11.009
https://doi.org/10.1007/s10705-020-10076-8
https://doi.org/10.1007/s10705-020-10076-8
https://doi.org/10.1007/s10705-020-10076-8
https://doi.org/10.1007/s10705-020-10076-8
https://doi.org/10.1007/s10705-020-10076-8
https://doi.org/10.1007/s10705-020-10076-8
https://doi.org/10.1007/s10705-020-10076-8
https://doi.org/10.1007/s10705-020-10076-8
https://doi.org/10.1016/S2095-3119(13)60428-1
https://doi.org/10.1016/S2095-3119(13)60428-1
https://doi.org/10.1016/S2095-3119(13)60428-1
https://doi.org/10.1016/S2095-3119(13)60428-1
https://doi.org/10.1016/S2095-3119(13)60428-1
https://doi.org/10.1016/S2095-3119(13)60428-1
https://doi.org/10.1016/S2095-3119(13)60428-1
https://doi.org/10.7666/d.D01212412
https://doi.org/10.1016/j.geoderma.2020.114678
https://doi.org/10.1016/j.geoderma.2019.114159
https://doi.org/10.1016/j.geoderma.2019.114159
https://doi.org/10.1016/j.scienta.2014.04.010
https://doi.org/10.1016/j.scienta.2014.04.010
https://doi.org/10.1016/j.earscirev.2018.06.013
https://doi.org/10.1016/j.earscirev.2018.06.013
https://doi.org/10.1016/j.earscirev.2018.06.013
https://doi.org/10.1016/j.earscirev.2018.06.013

55 43 55 3 B WA PRI PRI it Xl TR A 4 el 38 1 i R R S A IR 595

C1n] Uefls, Zeiioe, JA 11, 2. 440 P SR 2 SR AL M IO TS g8 S 5 0] AL bel 22, 2022(17): 129-136. TU Qian, LI
Yuanyuan, ZHOU Shubo, et al. The vineyard research progress on abandoned branches resource utilization and tactics[J].
Northern Horticulture, 2022(17): 129—-136. DOI: 10.11937/bfyy.20221089.

[12] MARINARI S, MANCINELLI R, BRUNETTI P, et al. Soil quality, microbial functions and tomato yield under cover crop
mulching in the Mediterranean environment[J]. Soil and Tillage Research, 2015, 145: 20—-28. DOL: 10.1016/.5til1.2014.08.
002.

[13] LU Fei. How can straw incorporation management impact on soil carbon storage? A meta-analysis[J]. Mitigation and
Adaptation Strategies for Global Change, 2015, 20(8): 1545—1568. DOI: 10.1007/s11027-014-9564-5.

[14] POEPLAU C, DON A. Carbon sequestration in agricultural soils via cultivation of cover crops—a meta-analysis[J].
Agriculture, Ecosystems & Environment, 2015, 200: 33—41. DOI: 10.1016/j.agee.2014.10.024.

[15] LIU Yang, GAO Maosheng, WU Wei, et al. The effects of conservation tillage practices on the soil water-holding capacity
of a non-irrigated apple orchard in the Loess Plateau, China[J]. Soil and Tillage Research, 2013, 130: 7-12. DOIL: 10.1016/j.
still.2013.01.012.

[16] BASCHE A D, KASPAR T C, ARCHONTOULIS S V, et al. Soil water improvements with the long-term use of a winter
rye cover crop [J]. Agricultural Water Management, 2016, 172: 40—50. DOI: 10.1016/j.agwat.2016.04.006.

[17] BALOTA E L, CALEGARI A, NAKATANI A S, et al. Benefits of winter cover crops and no-tillage for microbial
parameters in a Brazilian Oxisol: a long-term study [J]. Agriculture, Ecosystems & Environment, 2014, 197: 31-40. DOI: 10.
1016/j.agee.2014.07.010.

(18] MITCHELL J P, SHRESTHA A, MATHESIUS K, et al. Cover cropping and no-tillage improve soil health in an arid
irrigated cropping system in California’s San Joaquin Valley, USA[J]. Soil and Tillage Research, 2017, 165: 325-335. DOI:
10.1016/}.5ti11.2016.09.001.

[19] de OLIVEIRA F E R, de MATOS OLIVEIRA J, Da SILVA XAVIER F A. Changes in soil organic carbon fractions in
response to cover crops in an orange orchard[J]. Revista Brasileira de Ciéncia Do Solo, 2016, 40: S0100-
6832016000100504. DOI: 10.1590/18069657rbcs20150105.

[20] ¥ KRB, 200, BRAGAAN, 5. BT SCRR T (14 28 bl A SR FEHORBIF SR (0] PR Al R 272741, 2023, 28(2): 74-89.
SHEN Liangying, JIANG Hongming, LI Meijie, et al. Research progress of cultivation technology for interplanting grass in
orchard based on bibliometrics [J]. Journal of China Agricultural University, 2023, 28(2): 74—89. DOI: 10.11841/j.issn.
1007-4333.2023.02.007.

(21] H4:, YLl £ A%, 5. AR R0 R b PR RS2 AT ST HERE (7], Bk 274z, 2016, 25(8): 180-188. CAO Quan,
SHEN Yuying, WANG Zikui, et al. Effects of living mulch on soil physical and chemical properties in orchards: a review
[J]. Acta Prataculturae Sinica, 2016, 25(8): 180—188. DOI: 10.11686/cyxb2015500.

[22] 24, M fe, P42, 55 SERUBCRN IR i FH ARG SR el - S bR S SR B s ) (0] VLR AR RLE, 2021, 49(23):
238-242. LI Xiang, KE Xiheng, SUN Xijun, et al. Influences of returning patterns of apple branches on orchard soil
properties and apple quality[J]. Jiangsu Agricultural Sciences, 2021, 49(23): 238—242. DOI: 10.15889/j.issn.1002-1302.
2021.23.041.

(23] gali, 2, 82 3CHR, 2. AT AR BUAC B 35 0 T BT U A ST b SRR R R A A W A R (). B i, 2021,
30(4): 58—67. ZHANG Ru, LI Jianping, PENG Wendong, et al. Effects of mulching with Caragana (Caragana intermedia)
branches on soil moisture content and temperature and reseeded forage biomass in desertified grassland in Ningxia Province,
China[J]. Acta Prataculturae Sinica, 2021, 30(4): 58—67. DOI: 10.11686/cyxb2020172.

(24] 1+ B &3 b 40 B M1 3 M. Jb 5t v B &l 3 W4, 2000. BAO Shidan. Soil and Agricultural Chemistry
Analysis[M]. 3rd ed. Beijing: China Agriculture Press, 2000.

[25] WRSzogr . HE S8 92 > BORE IMD. IR R I ZR ARl K 2 At , 2005, CHEN Lixin. Soil Experiment Practice
Course[M]. Harbin: Northeast Forestry University, 2005.

[26] ELLIOTT E T. Aggregate structure and carbon, nitrogen, and phosphorus in native and cultivated soils[J]. Soil Science
Society of America Journal, 1986, 50(3): 627-633. DOI: 10.2136/sss2j1986.03615995005000030017x.

[27] JEEE, XL, 2508, 25 AHBK I S5 AF T 208K -1 - 3R R R B U R 207 L] VR AR 72241, 2025, 42(3):
444-456. FAN Qinghua, LIU Xiaojun, LI Peng, ef al. Characterization and attribution of water-soil-nutrient leaching from


https://doi.org/10.11937/bfyy.20221089
https://doi.org/10.11937/bfyy.20221089
https://doi.org/10.11937/bfyy.20221089
https://doi.org/10.1016/j.still.2014.08.002
https://doi.org/10.1016/j.still.2014.08.002
https://doi.org/10.1016/j.still.2014.08.002
https://doi.org/10.1007/s11027-014-9564-5
https://doi.org/10.1007/s11027-014-9564-5
https://doi.org/10.1007/s11027-014-9564-5
https://doi.org/10.1007/s11027-014-9564-5
https://doi.org/10.1007/s11027-014-9564-5
https://doi.org/10.1007/s11027-014-9564-5
https://doi.org/10.1007/s11027-014-9564-5
https://doi.org/10.1007/s11027-014-9564-5
https://doi.org/10.1007/s11027-014-9564-5
https://doi.org/10.1016/j.agee.2014.10.024
https://doi.org/10.1016/j.agee.2014.10.024
https://doi.org/10.1016/j.agee.2014.10.024
https://doi.org/10.1016/j.agee.2014.10.024
https://doi.org/10.1016/j.agee.2014.10.024
https://doi.org/10.1016/j.still.2013.01.012
https://doi.org/10.1016/j.still.2013.01.012
https://doi.org/10.1016/j.still.2013.01.012
https://doi.org/10.1016/j.agwat.2016.04.006
https://doi.org/10.1016/j.agwat.2016.04.006
https://doi.org/10.1016/j.agee.2014.07.010
https://doi.org/10.1016/j.agee.2014.07.010
https://doi.org/10.1016/j.agee.2014.07.010
https://doi.org/10.1016/j.agee.2014.07.010
https://doi.org/10.1016/j.agee.2014.07.010
https://doi.org/10.1016/j.agee.2014.07.010
https://doi.org/10.1016/j.still.2016.09.001
https://doi.org/10.1016/j.still.2016.09.001
https://doi.org/10.1590/18069657rbcs20150105
https://doi.org/10.11841/j.issn.1007-4333.2023.02.007
https://doi.org/10.11841/j.issn.1007-4333.2023.02.007
https://doi.org/10.11841/j.issn.1007-4333.2023.02.007
https://doi.org/10.11841/j.issn.1007-4333.2023.02.007
https://doi.org/10.11841/j.issn.1007-4333.2023.02.007
https://doi.org/10.11841/j.issn.1007-4333.2023.02.007
https://doi.org/10.11686/cyxb2015500
https://doi.org/10.11686/cyxb2015500
https://doi.org/10.11686/cyxb2015500
https://doi.org/10.15889/j.issn.1002-1302.2021.23.041
https://doi.org/10.15889/j.issn.1002-1302.2021.23.041
https://doi.org/10.15889/j.issn.1002-1302.2021.23.041
https://doi.org/10.15889/j.issn.1002-1302.2021.23.041
https://doi.org/10.15889/j.issn.1002-1302.2021.23.041
https://doi.org/10.15889/j.issn.1002-1302.2021.23.041
https://doi.org/10.11686/cyxb2020172
https://doi.org/10.11686/cyxb2020172
https://doi.org/10.11686/cyxb2020172
https://doi.org/10.2136/sssaj1986.03615995005000030017x
https://doi.org/10.2136/sssaj1986.03615995005000030017x
https://doi.org/10.2136/sssaj1986.03615995005000030017x
https://doi.org/10.11833/j.issn.2095-0756.20240473

596 WroIL R R K A R 2026 4E 6 F 20 H

red soil under vegetation restoration conditions[J]. Journal of Zhejiang A&F University, 2025, 42(3): 444—456. DOI: 10.
11833/j.issn.2095-0756.20240473.

[28] SALMINEN H, HUUSKO K, TUKIAINEN H, et al. The effects of land use on fine-scale geodiversity: ski resorts as an
example[J]. Science of the Total Environment, 2025, 988: 179830. DOI: 10.1016/j.scitotenv.2025.179830.

[29] #tH, X b4, AE4RsR, 55, B2 1L VAN AR A e A ORI PR ARAE L], WV R AR 724, 2024, 41(4):
787-796. YANG Juan, LIU Zhanjun, REN Zhengqiang, et al. Characteristics of soil physicochemical properties and enzyme
activities in different vegetation types on the western slope of Helan Mountain[J]. Journal of Zhejiang A&F University,
2024, 41(4): 787-796. DOI: 10.11833/.issn.2095-0756.20230485.

[30] i, B &, SAHIEN, 5. A R kcat A b H 30 0y RS RS FR G ROR (1], A9 8 57 S5 AR R4z, 2020, 26(2):
325-337. YANG Lu, MAO Yunfei, HU Yanli, et al. Effects of orchard grass on soil fertility and apple tree nutrition[J].
Journal of Plant Nutrition and Fertilizers, 2020, 26(2): 325-337. DOI: 10.11674/zwyf.19104.

[31] 35, Briti, #0457, 4. fRA KBS 0 g el PR | B v a b A 2 A K sz 0] AR 5720,
2023, 42(9): 2138-2147. WANG Fang, CHEN Haonan, ZHAO Zhanning, et al. Effects of reclaimed water irrigation modes
on soil environment, microbial community structure, and grape growth in vineyards[J]. Chinese Journal of Ecology, 2023,
42(9): 2138-2147. DOT: 10.13292/j.1000-4890.202309.029.

[32] . MFT e T N AR B 138 R A R AT B0 7R AR S A B RS2 R A5 (D] dE st i EARL R 7B, 2021. WANG
Bobo. Effects of Intar-row Cover Crop on Soil and Plant Mineral Nutrition and Fruit Quality in Vineyard[D]. Beijing:
Chinese Academy of Agricultural Sciences, 2021. DOI: 10.27630/d.cnki.gznky.2021.000771.

[33] WANG Yuanji, LIU Li, LUO Yu, et al. Mulching practices alter the bacterial-fungal community and network in favor of soil
quality in a semiarid orchard system[J]. Science of the Total Environment, 2020, 725: 138527. DOIL: 10.1016/
j.scitotenv.2020.138527.

[34] %%, REL, PNINLH, 55 BRAEHE R AT A A B0 158558 0 1 Rg i BB S A (T, SRp 244z, 2020, 37(1): 68-76. QIN
Qin, SONG Ke, SUN Lijuan, et al. Effect of inter-row sod system on the contents and availability of soil nutrients in a
kiwifruit orchard [J]. Journal of Fruit Science, 2020, 37(1): 68—76. DOI: 10.13925/j.cnki.gsxb.20190241.

[35] ¥Ry, mzMy, EIRse, 5. ANREE a6 5 20 A H 30K oy . TR Ko 35 & AR s (I v 2R, 2020(6): 70-73.
HUANG Sufang, GAO Sumei, WANG Zhenliang, et al. Effects of different mulching methods on soil moisture, temperature
and disease occurrence in jujube orchard [J]. China Fruits, 2020(6): 70—73. DOI: 10.16626/j.cnki.issn1000-8047.2020.06.015.

(36] 2874, RhAnde, IRV, . FURDANAT 50 S -+ SERR A P SR BE ™ i (7], Wil TR 72741, 2017, 34(2):
244-252. GUO Xi, LU Kouping, HU Guotao, et al. Greenhouse soil properties and vegetable yield with dead pig and bamboo
biochars [J]. Journal of Zhejiang A&F University, 2017, 34(2): 244-252. DOI: 10.11833/1.issn.2095-0756.2017.02.007.

[37] SRAZRL, E WA, 25RK, 55, 7 36 1 RN A I OB A0t 7 524 2 el v b - A BB A 52y [T ROV BH# 15T, 2019,
40(3): 14—18. GUO Juncheng, WANG Mingguo, LI Xin, et al. Effects of returning forest branches to field on soil water and
fertilizer in sandy land of Ningxia vineyard [J]. Journal of Agricultural Sciences, 2019, 40(3): 14—18. DOI: 10.3969/j.issn.
1673-0747.2019.03.003.

(38]) Beagae, iy KW, HhAR, 5. 7 g Ab BHOGH U b A 400 SRS i b LS BRAL AR BR 2 0 (0] DAL RMRBIE R 24 (A S8R
27 HR), 2022, 50(3): 107-114, 124. DUAN Xinyao, GAO Feifei, HAN Xing, et al. Effects of mulching treatments on fruit
quality of Vitis vinifera cv. Meili and physical and chemical indicators of topsoil [J]. Journal of Northwest A&F University
(Natural Science Edition), 2022, 50(3): 107—114, 124. DOI: 10.13207/j.cnki.jnwafu.2022.03.014.

[39] Ax A%, Brae, SROILEE, %, H R AR BT AL Il A+ S Ak P B R SRS B i S2 m [00. o [ SR A, 2024(8): 8-18. YU
Mingyang, CHEN Yan, GUO Kailu, et al. Effects of natural grass on soil physical and chemical properties and fruit quality
in pear orchard [J]. China Fruits, 2024(8): 8—18. DOI: 10.16626/j.cnki.issn1000-8047.2024.08.002.

[40] VERZEAUX J, ALAHMAD A, HABBIB H, et al. Cover crops prevent the deleterious effect of nitrogen fertilisation on
bacterial diversity by maintaining the carbon content of ploughed soil[J]. Geoderma, 2016, 281: 49-57. DOIL: 10.1016/}.
geoderma.2016.06.035.

[41] 152438, A B, BRES 2, 55, a5 B A SR el A R 155 oF - 498 P SR A RITAT LA R AIE B SR 552 it Jo g s i) (90 el 252 4,
2020, 47(10): 1905-1916. FU Xueqin, YANG Xingpeng, CHEN Dengyun, et al. Effects of sod culture on soil aggregates,

organic carbon characteristic and fruit quality of Nanfeng tangerine orchard[J]. Acta Horticulturae Sinica, 2020, 47(10):


https://doi.org/10.11833/j.issn.2095-0756.20240473
https://doi.org/10.11833/j.issn.2095-0756.20240473
https://doi.org/10.11833/j.issn.2095-0756.20240473
https://doi.org/10.11833/j.issn.2095-0756.20240473
https://doi.org/10.11833/j.issn.2095-0756.20240473
https://doi.org/10.1016/j.scitotenv.2025.179830
https://doi.org/10.1016/j.scitotenv.2025.179830
https://doi.org/10.11833/j.issn.2095-0756.20230485
https://doi.org/10.11833/j.issn.2095-0756.20230485
https://doi.org/10.11833/j.issn.2095-0756.20230485
https://doi.org/10.11833/j.issn.2095-0756.20230485
https://doi.org/10.11833/j.issn.2095-0756.20230485
https://doi.org/10.11674/zwyf.19104
https://doi.org/10.11674/zwyf.19104
https://doi.org/10.11674/zwyf.19104
https://doi.org/10.13292/j.1000-4890.202309.029
https://doi.org/10.13292/j.1000-4890.202309.029
https://doi.org/10.13292/j.1000-4890.202309.029
https://doi.org/10.13292/j.1000-4890.202309.029
https://doi.org/10.13292/j.1000-4890.202309.029
https://doi.org/10.27630/d.cnki.gznky.2021.000771
https://doi.org/10.1016/j.scitotenv.2020.138527
https://doi.org/10.1016/j.scitotenv.2020.138527
https://doi.org/10.13925/j.cnki.gsxb.20190241
https://doi.org/10.13925/j.cnki.gsxb.20190241
https://doi.org/10.13925/j.cnki.gsxb.20190241
https://doi.org/10.16626/j.cnki.issn1000-8047.2020.06.015
https://doi.org/10.16626/j.cnki.issn1000-8047.2020.06.015
https://doi.org/10.16626/j.cnki.issn1000-8047.2020.06.015
https://doi.org/10.16626/j.cnki.issn1000-8047.2020.06.015
https://doi.org/10.16626/j.cnki.issn1000-8047.2020.06.015
https://doi.org/10.11833/j.issn.2095-0756.2017.02.007
https://doi.org/10.11833/j.issn.2095-0756.2017.02.007
https://doi.org/10.11833/j.issn.2095-0756.2017.02.007
https://doi.org/10.11833/j.issn.2095-0756.2017.02.007
https://doi.org/10.11833/j.issn.2095-0756.2017.02.007
https://doi.org/10.3969/j.issn.1673-0747.2019.03.003
https://doi.org/10.3969/j.issn.1673-0747.2019.03.003
https://doi.org/10.3969/j.issn.1673-0747.2019.03.003
https://doi.org/10.3969/j.issn.1673-0747.2019.03.003
https://doi.org/10.3969/j.issn.1673-0747.2019.03.003
https://doi.org/10.3969/j.issn.1673-0747.2019.03.003
https://doi.org/10.13207/j.cnki.jnwafu.2022.03.014
https://doi.org/10.13207/j.cnki.jnwafu.2022.03.014
https://doi.org/10.13207/j.cnki.jnwafu.2022.03.014
https://doi.org/10.13207/j.cnki.jnwafu.2022.03.014
https://doi.org/10.13207/j.cnki.jnwafu.2022.03.014
https://doi.org/10.13207/j.cnki.jnwafu.2022.03.014
https://doi.org/10.13207/j.cnki.jnwafu.2022.03.014
https://doi.org/10.13207/j.cnki.jnwafu.2022.03.014
https://doi.org/10.13207/j.cnki.jnwafu.2022.03.014
https://doi.org/10.13207/j.cnki.jnwafu.2022.03.014
https://doi.org/10.13207/j.cnki.jnwafu.2022.03.014
https://doi.org/10.16626/j.cnki.issn1000-8047.2024.08.002
https://doi.org/10.16626/j.cnki.issn1000-8047.2024.08.002
https://doi.org/10.16626/j.cnki.issn1000-8047.2024.08.002
https://doi.org/10.16626/j.cnki.issn1000-8047.2024.08.002
https://doi.org/10.16626/j.cnki.issn1000-8047.2024.08.002
https://doi.org/10.1016/j.geoderma.2016.06.035
https://doi.org/10.1016/j.geoderma.2016.06.035
https://doi.org/10.1016/j.geoderma.2016.06.035
https://doi.org/10.16420/j.issn.0513-353x.2020-0118
https://doi.org/10.16420/j.issn.0513-353x.2020-0118

55 43 55 3 B WA PRI PRI it Xl TR A 4 el 38 1 i R R S A IR 597

1905-1916. DOI: 10.16420/j.issn.0513-353x.2020-0118.

[42] BHRAT, £ 75, b, 55 R 7 20T 3 AT 2R ARG R R LA 5 1 i 52 R LD FREE L7, 2019, 40(8):
3816—3824. LUO Xiaohong, WANG Zifang, LU Chang, et al. Effects of land use type on the content and stability of
organic carbon in soil aggregates [J]. Environmental Science, 2019, 40(8): 3816—3824. DOI: 10.13227/j.hjkx.201812140.

[43] fuf 20K, o 45, B SCAE, S BEAR TR BE X 2L B - R R VE AT SR MACRRAE By 520 (0], K B ARIFBITSE, 2019, 26(6):
127-132. HE Shaolang, HUANG Shangshu, ZHONG Yijun, et al. Effects of tillage depth on the characteristics of soil
water-stable aggregates in sloping farmland of red soil[J]. Research of Soil and Water Conservation, 2019, 26(6): 127—-132.
DOI: 10.13869/j.cnki.rswe.2019.06.019.

[44] fig 2, [N, KT, 2. AR RERCHE X 0 AL el - 3 PSR A0 A KA BILB 25 2 e (0] il ARl A= 9274, 2020,
39(4): 74-81. HE Ji, XIANG Yangzhou, ZHANG Xuejiao, et al. Effects of grass cultivation on soil aggregate distribution
and organic carbon content in Rosa roxbunghii orchard[J]. Journal of Mountain Agriculture and Biology, 2020, 39(4):
74-81. DOI: 10.15958/j.cnki.sdnyswxb.2020.04.011.

[45] EDL, ARBAL, K58, . FHT e KM HE £ 3 10 3 - S A SRR R Pk KO B R AiE 0], 52 IXBE I, 2021, 38(2):
402-410. WANG Kai, NA Enhang, ZHANG Liang, et al. Soil aggregates stability and fractal features on dump slopes of
opencast coal mine in Funxin, China[J]. 4rid Zone Research, 2021, 38(2): 402—410. DOI: 10.13866/j.azr.2021.02.11.

[46] hEi, XUH, LA L0, 45 B Fbi DO R AT b e R R A LR S 439 23 A [0 vh A 280l 2412, 2013,
21(3): 324-332. MA Ruiping, LIU Lei, AN Shaoshan, et al. Soil organic carbon and its fractions in aggregates under
different plant communities in the hill-gully region of the Loess PlateaulJ]. Chinese Journal of Eco-Agriculture, 2013,
21(3): 324-332. DOI: 10.3724/SP.J.1011.2013.00324.

(47] 942, KOG, RO, 55 Wil U e e SR AR 558 1 AU T 2P R PR &R (D). W VAR O 41, 2024,
41(5): 1013-1023. LUO Zhengrong, ZHENG Weicheng, TANG Zhansheng, et al. Soil microbial diversity and its
influencing factors in the habitat of rare plant Emmenopterys henryi in Jiulongshan, Zhejiang Province[J]. Journal of
Zhejiang A&F University, 2024, 41(5): 1013—1023. DOIL: 10.11833/1.issn.2095-0756.20230532.

[48] TRIVEDI P, ANDERSON I C, SINGH B K. Microbial modulators of soil carbon storage: integrating genomic and metabolic
knowledge for global prediction [J]. Trends in Microbiology, 2013, 21(12): 641—651. DOI: 10.1016/j.tim.2013.09.005.

[49] TRIVEDI P, ROCHESTER 1 J, TRIVEDI C, et al. Soil aggregate size mediates the impacts of cropping regimes on soil
carbon and microbial communities[J]. Soil Biology and Biochemistry,2015,91: 169—181. DOIL: 10.1016/j.s0ilbio.2015.08.034.

(501 #Ms, A2 ==, Pz Bid, 5. A o X J0 v g 2R el - S8 i 3% P R AR AE 0 R Vs 2 A 1R B2 i) (). 4, 2025, 33(2):
419-428. YANG Jinpeng, MU Lan, QIU Jiayue, et al. Effects of grass cultivation on soil enzyme activity and microbial
community diversity of apple orchards in Dianzhong area of ChinalJ]. Acta Agrestia Sinica, 2025, 33(2): 419-428. DOLI: 10.
11733/.issn.1007-0435.2025.02.010.

[51] NOVARA A, CATANIA V, TOLONE M, et al. Cover crop impact on soil organic carbon, nitrogen dynamics and microbial
diversity in a Mediterranean semiarid vineyard [J]. Sustainability, 2020, 12(8): 3256. DOI: 10.3390/su12083256.

[52] T, Zeii 22, BB, AR B BRI LY . BTG PEAN TR 5 0 A 1] SR B FH A 1o (7], R A 2
i, 2023, 34(1): 145-150. YU Bo, QIN Sijun, LU Deguo. Responses of soil microorganisms, enzyme activities and nutrient
contents to inter-row grass ploughing and returning to the field in a natural sod culture apple orchard[J]. Chinese Journal of
Applied Ecology, 2023, 34(1): 145—150. DOI: 10.13287/j.1001-9332.202301.013.

(53] U, B EH, TRZZR. A4 T N 30 IR AN R A R po s L] ARz, 2020, 34(12): 2865-2871. LIU Si, XU
Guogqian, ZHANG Junxiang. Effects of soil bacterial community structure in vineyard intra-row mulching[J]. Journal of
Nuclear Agricultural Sciences, 2020, 34(12): 2865—2871. DOI: 10.11869/j.issn.100-8551.2020.12.2865.

[54] Beaale. AN [R)AT oA 7 i Ak JAHOKT ) 2 el - S84 S5 R A 2 3% 52 4 S R 2 e F 5 (D). W0 - Y AR R 2%, 2021.
DUAN Xinyao. Research on the Influence of Different in-row Mulching Treatments on Soil Properties and Berry Quality in
Vineyard[D]. Yangling: Northwest A&F University, 2021. DOI: 10.27409/d.cnki.gxbnu.2021.001323.


https://doi.org/10.16420/j.issn.0513-353x.2020-0118
https://doi.org/10.16420/j.issn.0513-353x.2020-0118
https://doi.org/10.16420/j.issn.0513-353x.2020-0118
https://doi.org/10.16420/j.issn.0513-353x.2020-0118
https://doi.org/10.16420/j.issn.0513-353x.2020-0118
https://doi.org/10.13227/j.hjkx.201812140
https://doi.org/10.13227/j.hjkx.201812140
https://doi.org/10.13227/j.hjkx.201812140
https://doi.org/10.13869/j.cnki.rswc.2019.06.019
https://doi.org/10.13869/j.cnki.rswc.2019.06.019
https://doi.org/10.13869/j.cnki.rswc.2019.06.019
https://doi.org/10.15958/j.cnki.sdnyswxb.2020.04.011
https://doi.org/10.15958/j.cnki.sdnyswxb.2020.04.011
https://doi.org/10.15958/j.cnki.sdnyswxb.2020.04.011
https://doi.org/10.13866/j.azr.2021.02.11
https://doi.org/10.13866/j.azr.2021.02.11
https://doi.org/10.13866/j.azr.2021.02.11
https://doi.org/10.3724/SP.J.1011.2013.00324
https://doi.org/10.3724/SP.J.1011.2013.00324
https://doi.org/10.3724/SP.J.1011.2013.00324
https://doi.org/10.3724/SP.J.1011.2013.00324
https://doi.org/10.3724/SP.J.1011.2013.00324
https://doi.org/10.11833/j.issn.2095-0756.20230532
https://doi.org/10.11833/j.issn.2095-0756.20230532
https://doi.org/10.11833/j.issn.2095-0756.20230532
https://doi.org/10.11833/j.issn.2095-0756.20230532
https://doi.org/10.11833/j.issn.2095-0756.20230532
https://doi.org/10.11833/j.issn.2095-0756.20230532
https://doi.org/10.1016/j.tim.2013.09.005
https://doi.org/10.1016/j.tim.2013.09.005
https://doi.org/10.1016/j.soilbio.2015.08.034
https://doi.org/10.1016/j.soilbio.2015.08.034
https://doi.org/10.11733/j.issn.1007-0435.2025.02.010
https://doi.org/10.11733/j.issn.1007-0435.2025.02.010
https://doi.org/10.11733/j.issn.1007-0435.2025.02.010
https://doi.org/10.11733/j.issn.1007-0435.2025.02.010
https://doi.org/10.11733/j.issn.1007-0435.2025.02.010
https://doi.org/10.11733/j.issn.1007-0435.2025.02.010
https://doi.org/10.3390/su12083256
https://doi.org/10.13287/j.1001-9332.202301.013
https://doi.org/10.13287/j.1001-9332.202301.013
https://doi.org/10.13287/j.1001-9332.202301.013
https://doi.org/10.13287/j.1001-9332.202301.013
https://doi.org/10.13287/j.1001-9332.202301.013
https://doi.org/10.13287/j.1001-9332.202301.013
https://doi.org/10.13287/j.1001-9332.202301.013
https://doi.org/10.11869/j.issn.100-8551.2020.12.2865
https://doi.org/10.11869/j.issn.100-8551.2020.12.2865
https://doi.org/10.11869/j.issn.100-8551.2020.12.2865
https://doi.org/10.11869/j.issn.100-8551.2020.12.2865
https://doi.org/10.11869/j.issn.100-8551.2020.12.2865
https://doi.org/10.11869/j.issn.100-8551.2020.12.2865
https://doi.org/10.27409/d.cnki.gxbnu.2021.001323

	1 研究区与方法
	1.1 研究区概况
	1.2 试验设计
	1.3 样品采集与测定
	1.4 土壤细菌和真菌高通量测序
	1.5 数据处理与统计分析

	2 结果与分析
	2.1 保护性耕作措施对酿酒葡萄园土壤理化性质的影响
	2.2 保护性耕作措施对酿酒葡萄园土壤团聚体的影响
	2.2.1 土壤团聚体粒级组成
	2.2.2 土壤团聚体稳定性

	2.3 保护性耕作措施对酿酒葡萄园土壤微生物群落的影响
	2.3.1 土壤微生物群落分类组成
	2.3.2 土壤微生物α多样性
	2.3.3 土壤微生物β多样性

	2.4 土壤环境因子与土壤微生物群落结构的相关性

	3 讨论
	3.1 保护性耕作措施对土壤理化性质的影响
	3.2 保护性耕作措施对土壤团聚体的影响
	3.3 保护性耕作措施对土壤微生物群落的影响

	4 结论
	参考文献

