5559 % 51 + ¥ o R Vol. 59, No. 1
202241 H ACTA PEDOLOGICA SINICA Nov., 2022

DOI: 10.11766/trxb202007220410

HE, PR, GO, skail, S0, B2 sRI0 )5 e B AHE o 1A AR IR 7 B s E I, AR, 2022, 59 (1):
183-193.

XIA Qing, LUO Chen, ZENG Liangbin, ZHANG Jinbo, CAI Zucong, ZHAO Jun. Effect of Reductive Soil Disinfestation Mitigating Adverse

Factors for Growth of Replanted Longya Lily ( Lilium brownii var. viridulum ) [J]. Acta Pedologica Sinica, 2022, 59 (1): 183-193.

sRif R HIEACIE N BAE L OF B & E KA E FBERAE
%*

=1 2 X by 2 27F 1,3 s v1,3 1, 3
EOF, B OB una™, kew'c, gaAmbc, 8 #LOT
(1. FRBTER A BIRL 222 0E , FoT 2100235 2. R ELOLBEBERSIIGT BT, KD 410205; 3. TTIRE MR BRI & S5F P E A1
B, maEt 210023 )

O E. WEMEELEEEEF TSR IOCHHIANE, PSR IR 58403 ( Reductive soil disinfestation, RSD)
HARFB, DI AR A A A0 TR 4, @ B E AT LR RSD 403 (6 thm >, MO ). [EAATHLRE
RSD 4 (15 thm 2, SB) FAMATAT HHEABAYXIRE (CK ), WFFEI%H AR T-Bo A 5 A AR 13 A% 5 A 2% 2 ol
FRERRER . G55K, 5 CK XML, RSD AbFRIREA A K H 3 (Al T TR 65 Fe 4l ) TRRI ST Al 22 A% 1R 2505 I
U, R ) R A A SR A S L, HORBIRE L 98.8%. [RIH, RSD AbERR REA R il 1 HEZ% B 12 op KGR
STAELREE R, R R ) 2 B % B RN AR a2 OB RN T B (A 1 28 430 94.1%~96.0% 1 71.0%~94.7%,
H MO AZbHEXT A4 A B BRSO T SB AREE . b4, RSD A FHIA Al i 3 2l 2s ) 4% B (O BEVE 454, DRI RerE | e
ARG . DRI, siid 5+ HEAb SR RE NS 8 T AL B . A RS RO E A AE R AR T, J2—Fh ELAT [ R ALK H ]
I B RN R AN A A, AT USR5t o . SR S (0 ] RS R SR I — S ) SR HE A AR g
KBRIA: RIAE U R E A HARIRRE; AR gkl

HESES: S435.6, S451.1 XEFRERG: A

Effect of Reductive Soil Disinfestation Mitigating Adverse Factors for Growth
of Replanted Longya Lily (Lilium brownii var. viridulum)

XIA Qing', LUO Chen?, ZENG Liangbin®", ZHANG Jinbo'*, CAI Zucong'*, ZHAO Jun'*'
(1. School of Geography, Nanjing Normal University, Nanjing 210023, China; 2. Institute of Bast Fiber Crops, Chinese Academy of

Agricultural Sciences, Changsha 410205, China; 3. Jiangsu Center for Collaborative Innovation in Geographical Information Resource

Development and Application, Nanjing 210023, China)

* o E AR BL S BE R A1F TR (ASTIP-IBFCO7 ), EZKE LM AITRILIE (2017YFD0200600 ) FIAREBEIEAR . H0oIF i e 0t B
(2018SG-Y-04, 2018SG-Y-06 ) ¥ Hlj Supported by the Agricultural Science and Technology Innovation Program ( No. ASTIP-IBFC07 ), the
National Key Research and Development Program of China ( No. 2017YFD0200600 ) and the Open Research Project of Shouguang Facility
Agriculture Center ( Nos. 2018SG-Y-04, 2018SG-Y-06 )

+ M IRAE#H Corresponding author, E-mail: zengliangbin@caas.cn; junzhao37@njnu.edu.cn
fE#faif: 2 F (1996—) , Lo, WWRITKAN, WiLisd, EENFEERR LB RS E-mail: 2276293417@qq.com
Wk H 399 2020-07-22; BBk H . 2020-10-14

http://pedologica.issas.ac.cn



4

184 + e il 59 &

Abstract: [ Objective ] Longya Lily (Lilium brownii var. viridulum) is a perennial herb aboriginal of Longhui County, Shaoyang
City, Hunan Province, with edible and medicinal values. It is of great significance to sustain cultivation of the crop for farmers’
income and local economic development. However, soil borne diseases and weeds are the two key adverse factors affecting
growth of replanted Longya Lily, and hence threatening stability and development of the local Lily industry. Reductive soil
disinfestation (RSD) refers to a technology of pre-planting soil treatment designed to effectively eliminate soil-borne pathogens,
degrade allelochemicals, and improve soil physicochemical properties, etc., but how much RSD could control weeds and soil
weed seed bank is still unclear. Therefore, this study was oriented to explore effects of RSD on soil borne pathogens and weed
seed bank in Longya Lily fields. [ Method ] A field experiment, designed to have three treatments, i.e. CK (control without soil
treatment); MO [RSD incorporated with 6 t-hm? liquid organic material (C/N 21)]; SB [RSD incorporated with 15 thm™ solid
organic material (C/N 94)], was conducted in a field planted with Longya Lily for one year. Real-time PCR was used to determine
populations of the bacteria, fungi and soil-borne pathogens in the soil. Species of the weeds in the field were identified and
density and biomass of the weeds were recorded. [ Result ] Results show that RSD effectively suppressed Fusarium oxysporum,
Fusarium solani and Rhizoctonia solani, and significantly lowered the proportion of genus Fusarium in the fungal community as
compared to CK, with disinfestation efficacy up to 98.8%. Furthermore, RSD also effectively inhibited germination of most of the
weeds in the soil weed seed bank, and significantly reduced density and biomass of the weeds in the field, by 94.1%~96.0% and
71.0%~94.7%, respectively. And treatment MO was higher than treatment SB in weed control effect. In addition, RSD
significantly changed structure and reduced diversity, richness and dominance of the weed community. [ Conclusion ] Therefore,
it can be concluded that RSD can significantly reduce soil borne pathogens, weeds and other adverse factors in the field of
replanted Longya Lily. It is a promising agricultural measure with the potential to reduce the occurrence of both soil borne
diseases and weed infestation. The findings in this study could provide a theoretical basis and certain technical support for
reducing the use of pesticide and realizing sustainable development of the green agriculture.

Key words: Reductive soil disinfestation; Lilium brownii var. viridulum; Soil-borne pathogens; weed; Green agriculture
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AL, W A AR RN IR R 4 s R, PO A R
FUAJFIAEE Y A7, HABRAERIR, AR
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1.1 HARXER

FH (]300 15 5 T o [ b B 27 B RIS B9 BT e
TLRIGE, (112°11'E, 28°51'N), 1 T4 25 FH T
POIT T S AT, WK 25 m, B TR IE 5 RS,
fo, VU400, SR, BRKES ., EHREN
16.9°C, 4EXFEKE N 1322 mm, FEEPE 4—6
By, SAFETFEWIN 276 do I BTZ L FR
FaEAEE, HHHE)Z L IEMAYETh pH 4.71, H
FR 8118 pS-em ', A HLER 4 R A & A
12.03 F1 1.34 gkg '
1.2 RIEZIt 5 TEFEMRE

R0 8 3 AN EE . 1) CK, AHIATA
+ AL LAY XS R 5 2 )MO, BRI ARG ML R RSD
b (6 thm™?, C/N: 21); 3) SB, #hnfEAAHL
Yk RSD 4bFE (15 thm ™2, C/N: 94 ), RSD kb3

M ELAERES R T e S AR 35 d. 4%
WhHERE S, B S &, REHLHES A . R 2R
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B TR BT -
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A, o 2 mm i SIS AR 4°CIRE,
T A A oo 3R E WA I s —
W80 CIRAE, FT R4 DNA HIHREL,

1.3 TEEAERMAEDFEENNE

+ 3¢ pH >R S220K pH i1 Mettler, Switzerland )
FeEK H 1 2.5 0 1 #EF TN E 5 4% NH,-N A NO; -N
Al 2mol L' KCIAWIE 15 (m:v) FHTIRE, 2
Ve vk s P 8 94 ( Skalar San++, Breda,
The Netherlands ) U5 .
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fif BTG PERAE, SRAPOER ke, Bk
BRUR . FREGE 2 mm A9 EE L 2 ¢ F S0 mL B0
i, A 15 mL 8RR 2% shi (60 mmol- L',
pH 7.6 ) F1 0.2 mL FDA &E% W (1 mgmL '), %
BELE 30C . 100 r-min ' £F F =% 0 20 min,
RGEERE R A 15 mL &0/ B (2: 1) B
ZRRY, 2000 rmin' B0 3 min S5 HC I WG
0.22 pm JEAEZE 10 mL B.0E T, UEBH G E
THEPEA S 490 nm AL WOGAE , I MR P8 An v i 2k
I FDA /KRG YE (pgg "h' ). ARiERTZES
B R e A I vk A
1.4 11% DNA RREUKWHEEE PCR 417

HERFREL 0.5 g PRAFT—80°CVKAE P Y - A
i, {8 FastDNA® SPIN Kit for Soil ( MP
Biomedicals, USA ) ¥ Ui ] 45 20 JR4& B + 18 &5 DNA,
fiif DNA FERZ DS-11 MR 46 it
( DeNovix, USA ) #4175t #5 il J5 AR A7 T—20 °C vk A
o SEmF 5 E B PCR 474 S W 7E QuanStudio 3
Real-Time PCR system ( Applied Biosystems, USA )
FyEfT, RBIRZR (20 L) {45 SYBR® Premix Ex
Taq" (2x, Takara, HEK#E ) 10 pL, ZHIHIEY
B ROX I (50% ) 0.4 uL, 1E. 5% (10 pmol-L™")
£ 1 uL, DNA #i#z 2 uL #1 dd H,O 5.6 uL. JH T &
4 16S rDNA ( Eub338F/Eub518R )., E
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x1 RAEE

Fis . SR AEZ SR Zhao SR )M
H, R E IR . SR AR BRI RSD 4 FEXT
3 VB T ) A 35 SR

PCR FTH 51497047 18 544

Table 1 Primers and PCR conditions used in real-time PCR
HAnHE A EiE7) igdl PRI E =BT
Target gene Primers Sequence (5°-3") Thermal profile Reference
Bacterial 16S Eub338F ACTCCTACGGGAGGCAGCAG [19]
rRNA Eub518R ATTACCGCGGCTGCTGG 95 CHIZEHE | min, 95CHFEE 5s, 60°CARIRIE k [20]
ITSIF CTTGGTCATTTAGAGGAAGTAA FEAH 30's, 39 AMEH
Fungal ITS [21]
ITS2R GCTGCGTTCTTCATCGATGC 1 min at 95°C, followed by 39 cycles of 5 s at 95C
ITS1F CTTGGTCATTTAGAGGAAGTAA and 30 s at 60°C
F. solani ITS [22]
AFP346R GGTATGTTCACAGGGTTGATG
ITSIF CTTGGTCATTTAGAGGAAGTAA  95CHIZEHM: 1 min, 95CH#4E 10s, S8CALEIE Kk
F. oxysporum FEM 155, 72°CHRAEM 20s, 40 PEH
[23]
ITS AFP308R CGAATTAACGCGAGTCCCAAC 1 min at 95°C, followed by 40 cycles of 10 s at
95°C, 15sat58C and 20sat72C
ST-RSIF AGTGTTATGCTTGGTTCCACT 95CTHIAEM: 1 min, 95°CH#4E 10s, 60°CARIRIER Kk
SEAH 345, 39 MG
R. solani ITS [22]
ITS4R TCCTCCGCTTATTGATATGC 1 min at 95°C, followed by 39 cycles of 10 s at
95°C and 34 s at 60°C
1.5 8] 2% B 3 ENEERFEEXFR . . H'
% RSD kb¥pss ﬁiﬁ%ﬂi 60d J&i, TE45/INXBEHL InS
HHC1m? (1mx1m) B, SRERETT A 438
M 1] S 1 Y ANy [24] S-
e s, A ChEZeER ) B (b Margalef F & ;&(D)__N (4)

A R R AR ) PN A T R, IS
TPHAE A Y E ., RS 28 WX A5
ARBC L IR AT IEAL L e R R
RPN AR B AR . Ao S R A e
B R N 2R RSB LA SR R
%%ﬁﬁfﬂﬂﬁﬁﬁﬁﬁé%ﬁﬁg&%tmﬂo K A
PPl RSD Ab XS 2% BgfciE | i o o R T o o 9 B
BRACR . [T, RAHZF o 248055200 H [\ 24 5
TEVE ZREME AT PRAG Y, B ik F

) n, . on
2"

i=1

Shannon ZFEMFEEL H' = (1)

2
Simpson {f i if"ééﬁk—l—i(;:’/] (2)

i=l1

K, S HRBERIEDFIE, N WEFERETAY)
FIAMAR BT, n 5 PR A%
1.6 Zito#r

A O H P 2K, >R ] IBM SPSS Statistics
22.0 #1751 508, H.R K 7 25 ( One-way ANOVA )
B4 Tukey’s HSD # 2 4b B[] $4 {8 2 S5 1) i 25
PEs JF T R0 R [ T A T R N A B R A T
ZHRWEERR., ETHEREMEZED
Bray-Curtis fHIERFE, RH R H4F (v3.1.2) X)
AR REVR 25 R AT FE L5343 AT ( Principal component
analysis, PCA), JFH &M ZH R L7255 0
EVER
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k2 Wi, 5 CK AHAHLL, 5Eid )5+ 5 4ak
HM (MO, SB) ¥jRER ¥ (P<0.05) #2714 pH,
H MO 4b#5 9 3 pH 2.3 ( P<0.05) = F SB 4b
B, [FAES, MO Fl SB 4bFE# CK AbFEHRE W%
( P<0.05) F#AR1-4% NO;-N &6, H§m 3% NH,"-N
g, Hoh MO AbHS HHER) NO;-N(2.96 mgkg )
FINH,-N (56.81 mgkg ') & 435 83 (P<0.05)
T ME T SB AbHE (NOy-N: 1036 mgkg';
NH,-N: 25.94 mg-kg ' ). Bb4h, RFEAHLYIE RSD
Ab BT A i M R R R, Hoh SB A3
Jo b BE A WG MR B 276,10 pgeg R, W
(P<0.05) T CK 4bHfY 118.0 ug-g “h'; 1 MO

RS IR YE YRS LR R, (HY CK A RRAH
2R A,
22 TEAEMERHE

M E 1A TN, 5 CK ARFEAR LL, 5038 R 4 18
AP (MO, SB) ¥fg 3% (P<0.05) ¥4hn + 4
SHTE R, R MO Kb B AY B hin N 5 G
A5 SB AbHAH L 22 5 A 3. WE 1B frs, MO
A S A 3 LG A A REAIL, T SB AL PR S 4
H AN, B3 CK A A B E,; Wi SB it
HE R EGE B (P<0.05) T MO AbHE,
AN, 5 CK AN EEAH H , MO 4b B B A% & 35( P<0.05)
P RN/ A L, I SB Ak X H A i
F (K 10), Xulfie5 RSD 4bH AT F 894 HL 4 R
PR, 0 IR B L HE T 41 T B AR K Y S AN
HEES

F2 TEANHE RSD AbFE RS + 1538 (01 RN E Y BRI R0

Table 2 Effects of reductive soil disinfestation on physicochemical properties and microbial activity of the soil relative to type of the material

incorporated
b3 NH,'-N NO; -N PR
Treatment ot / (mgkg™") / (mgkg™) Fluorescein/ (pug-g™*h™")
CK 4.56+0.09¢ 3.24+0.03¢ 23.08+0.08a 118.0+11.1b
MO 5.32+0.07a 56.81+3.15a 2.96+1.93¢ 90.1£8.6b
SB 4.83+0.04b 25.94+1.80b 10.36+1.11b 276.1+25.8a

e CK, XTHE; MO, WA HLY kY RSD 4b3; SB, WMNE A HLYEHY RSD 43, R P8 R P EAr DR (n=
5), [R—3H PR AT AL Bl ) 22 53 B 2% ( P<0.05 ), R, Note: CK, control; MO, RSD incorporated with liquid organic material ;

SB, RSD incorporated with solid organic material. Means + SE. Different letters within the same column indicate significant difference

between treatments at 0.05 level. The same below.
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S & {m\_' o ﬁ <
=5 8r 28 6f " ook
g < o = b
< 7 < 5t
50 b
6 4 oL ES
CK MO SB CK MO SB CK MO SB
AbFR Treatment QbR Treatment QbR Treatment

e REBLREAIEDR (n=5), ¥ LIy AN EFRER R A B[R] 24 5 1 2 ( P<0.05 ). F[A]. Note: Error bars indicate the standard error
of the means of replicates. Different letters above the bars mean significant difference between treatments at 0.05 level. The same below.

B RFEA DL RSD AbBEXS AT | IR K0 B A /LT LU A 52

Fig. 1 Effects of reductive soil disinfestation on population of the bacteria ( A ), fungi (B),

and the bacteria/fungi ratio ( C ) relative to type of

the material incorporated
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M 2A—K&l 2C AlH, 5 CK Ab#AHLEE, MO
1 SB AbFHYARE .35 ( P<0.05 ) FAK 38 vh 4 7k )
DAL R i T GRURI ST R 22 A% R AR, H MO Fil SB
AR TC i 2 22 5 . Ho, MO Al SB AR B = F
JEUE B R R 99.10%~99.94%F1 98.84% ~
99.98%. IHtAh, MO Fil SB 4 2 ( P<0.05) [%
A T 2 7RL 5 T AT/ A RIS B S T TR/ A 1) LA,
T FRLR T TR/ LA Y LUAE Y CK AR B 112.02%0F%
ik % RSD AL HHAY 0.02%0~0.27%o, Jif K¢ #if 71 B/ EL T
BIFAE T CK A3 30.02%0 %K% RSD AbFH
0.23%0~1.08%o ( ¥ 2D—[&] 2E ); 1fif MO #1 SB 4b#f
B TE—E R R AR T S A 22 2 B TR I LA
B CK b2z R AR (& 2F ), EW RSD 43
REA ROR K ZFh AR LI, JF R AR AE FLpR 2
BEPRY L
24 HEIZEZH. EMEREAFIHER

3 s, 5 CKAFEfY 398.6 #k-m 2 ML,

15.8~23.6 ¥k-m >, HAWHIRFEIE 94.1%~96.0%,
W] RSD Ab3AEME AT AN L3 B R
AL B & IRl RSD kb PR BE B #( P<0.05)
WAL FH [ 3 B () A W i, b RSD Ab B 2% 75 fif ot
M CK AbBFHAY 95.7 gm? FFERE 3.2~14.6 gm 2,
PR Ky 84.7%~96.6%; T it N CK AbEEfY 11.6
gm?’ FFEZE 0.6~34gm?, MHFEH 71.0%~
94.7%. BLAh, MO AbH 5 FH [R] 2% 5 (1% i Jo 2 A it
% (P<0.05) {KT SB AbHE, H H X 24 5 e fi
SR T A A 2688 i 25 P<0.05 )R T SB Ab R,
X R RSD B i 3 R H ] 25 ) & 42, H MO &b
AR T SB Ab#H .
25 HEHREME, BE. ZERNE

AN TR AL B () AR5 5 13 PR, SRR T 9 4
BF, Hrh CK 434 & 43 13 F4e%, MO Il SB
PEEAE SR 9 B, HAZESR. 1k 4 Uik,
HERK | DGR CK AR A REVR b i
Rwr, HEEE SR 175.8, 100.0 1 58.4 #k-m 2,
Z 5N

RSD Kb FfAERF 8] 0 55 M8 B 3 (P<0.05) [F&(RE 43.4%, 22.4%F 16.4%, i3
8-A) 8 -B) 8-0C)
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2o 35 o L
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Fig. 2 Effects of reductive soil disinfestation on population of Fusarium oxysporum ( A ), Fusarium solani ( B) and Rhizoctonia solani ( C ), and

the Fusarium oxysporum/fungi ( D ), Fusarium solani/fungi ( E ) and Rhizoctonia solani/fungi ratio (F ) relative to type of the material incorporated
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Table 3 Effects of reductive soil disinfestation on weed total number, fresh weight, dry weight, and their inhibition rate relative to type of the
material incorporated

JEBL Total number

i 5T Fresh weight

T 5 i Dry weight

Qb
¥4 Number ] *% Inhibition rate  JfiHE Weight i3 Inhibition rate  Jfift Weight  Ifi| 3% Inhibition rate
Treatment
/ ( plant-m™) /% /g 1% /g /%
CK 398.6+55.4a 95.7£15.7a 11.6+1.3a
MO 15.84+5.9b 96.0+1.5a 3.2+1.7¢ 96.6+1.8a 0.6+0.3¢c 94.7+2.9a
SB 23.6+2.7b 94.1+0.7a 14.6+4.3b 84.7+4.5b 3.44+0.9b 71.0+8.0b

x4 TEENDHE RSD REMAEZRE. SERMENZIE

Table 4 Effects of reductive soil disinfestation on density, relative density, and frequency of the weed community relative to type of the
material incorporated

L G Z i
ZR R
Density/ ( plant-m?) Relative density/% Frequency/%
Species of weed

CK MO SB CK MO SB CK MO SB
HL#K Poa annua 175.8  10.0 02 434 536 1.0 100 100 20
RAF} Gramineae I J% Digitaria sanguinalis 1000 12 46 224 105 179 100 80 80
Y B ¥ Setaria viridis 18.0 — — 4.5 — — 80 — —
PEEL Cyperaceae IPE Cyperus rotundus 0.4 1.0 — 0.1 8.0 — 20 40 —
+FAEFl Brassicaceae F 3 Capsella bursa-pastoris 9.8 0.2 1.2 3.0 1.0 5.3 100 20 100
M2 JLE Bl Geraniaceae B Geranium wilfordii 4.4 0.4 3.0 1.2 3.0 13.0 80 40 100
#H Cerastium arvense 58.4 1.4 1.6 16.4 5.6 7.1 100 40 80

£117%} Caryophyllaceae
Bk Stellaria media 4.8 0.2 1.2 1.3 0.5 4.0 60 20 20
JIEAEL Convolvulaceae [ i€4E Convolvulus arvensis 5.8 0.6 11.2 1.6 4.0 48.7 80 40 100
FIILZE Cirsium setosum 2.8 — 0.4 0.6 — 2.0 60 — 40

Z§F} Compositae
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Fig. 3 Effects of reductive soil disinfestation on structure( A )and o-diversity indices( B ) of the weed community relative to type of the material
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