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Humic acid combined with chitosan regulates bacterial communities in tomato facility soil

BAO Ying"?, YAN Mengyuan"?, WU Meng"?, LI Guilong"?, LIU Kai"?, LI Zhongpei"*

(1. State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008,
China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In order to explore more efficient green control methods for bacterial wilt in tomato facilities, we collected infected soil, added
biological modifiers, humic acid and/or chitosan, and incubated it at 26 °C for 10 weeks. The results showed that the soil bacterial
communily structure was significantly different with the co—application of humic acid and chitosan (HC) compared with the control and
single application treatments (P<0.05). Under HC treatment, the relative abundance of the bacterial wilt pathogen Ralstonia spp. was
significantly decreased, while the relative abundance of beneficial microorganisms, Sireptomyces spp., Kitasatospora spp., Catenulispora
spp., and Terracidiphilus spp., was significantly increased (P<0.05). The co—occurrence network results showed that the network
connectivily, clustering coefficient, and average degree of HC subnetworks were significantly improved (P<0.05) and there were direct and
indirect inhibitory effects between beneficial microorganisms and Ralstonia spp.; the indirect inhibitory effect was dominant. Our results
indicated that the co—application of humic acid and chitosan enhanced the interaction between soil bacterial communities and inhibited the
growth of Ralstonia spp. by promoting beneficial microbial groups. This has practical application potential in the reasonable management of
tomato facility fields and the control of soil-borne diseases.
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Figure 1 Differences in the composition of soil bacterial communities under different treatments
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Table 1 Topological characteristics of soil bacterial co—

occurrence network under different treatments
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Average  Average path .. Clustering

Treatment Node Connectivity .
degree length coefficient

CK 231  3.80+0.15d 3.00+0.05a 0.03+<0.01b 0.33+0.01b
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HC 159  7.46+0.11b  2.32+0.02b 0.07+£<0.01a0.42+<0.01a
VE ISR NG B R A BRI 2% 5 .25 (P<0.05) .

Note: Different lowercase letters in the same column indicate

significant differences among treatments at P<0.05.

2%, Hodp, Hh )l Bh 40 e 6055 Paraflavitalea spp. Fla-
vihumibacter spp.. Sandaracinus spp.. Taibaiella spp. .
Metallibacterim spp. . Chujaibacter spp.. Wolbacia spp. .
Escherichia spp.. Cronobacter spp. Ml Haliangium spp..
A 57 R PR AR A A F ()l D 20 TR P g 3 T A R
T 57 7R B A K 14 F ) S B0 2 R S 300 ) 4 R
SERANIE 3 Fros U B R PRI ASV 5 55K

WWW.Qes.019.CN




m@g 2776

PR B 77 A ELAE I S T, AR A i 200 B A A o
T 240 T A A0 T AR A ] T 07 KRR . SRR
) JE5 G IR - 5 SROM TRC G 490 1) 577 /R PR A RO Tl i
ST i 0 TR R H R (E o 1 PR s B, EL
AT 41 o 2

3 itig

ABEFEH HC AL BT L3 v 2k 1 1) AR A 1
VAR RRE R = B I 2, 55 7R ER A AR X 5
FAR o R ) AR T LT R — A T
RE N - 35 b SR W e % 0 20k L A E L B Ak
FERIEIR 7 AP A R B, S Y B G A %
DIROIR 27, Jt 18 SCAEP e I il 2k v 5 i 5 - e
AL AR B SR AEAHSCOC R, P LB ek
B AR Ry AN A FOIR O B A R A
VOORT S5k B 26 T T 1 R AT 147 1) P A K 218
TS A F) 240 TR 7EAB P B0 DA O T HAT I EE T . 5
Hb P ARIE , A% T A RE S AR Y & S AR
g v Y T 2 DR DGR S ok A AL i A 1
FREAT AR L AR5 AT A B R . X R E R
5 56 SR C It T Tt 78 751 556 M 75 R 7 L S A 7R
FEVE 7 A2 T AR IE ) VR, 2 1 el Rtk
B, B i A B A BRI BRSO .

i A HC AL 3 AT CK AL Y 22 5 ASV, A5 1
FEIE R BLIE IR 5 5C RAE I P & S A s A0 T v
Jb HLAL T 2 — AR R B I B R T AR BTAE R
FIRE T, FACHI P KA 4 £ BAT e RO B A A
I L7 A A AT AR AL I (ECRs ) Al il
I G A T o B Btk 1 5 5 IO o S 2 e g A
a] = FE BT KRG A9 B (Xanthomonas oryzaepo.
Oryzae) TG VEACH P )—— A KPR AT 2 A1(Piericid-
in A1), Wt AT 902 11 I Al TR0 K R I e AR % L O
P HE KA1 A RN LB AR A X 22 24 R B
V5T B A% f0 14 (Alternaria alternata ) #0185 JINPERAR] I 5
JR G AR 8 85 1 (Pythium aphanidermatum ) 5555 J5 18
U B8 A B S A OR s A By T 20 BE A6 T T LA
T8 3 BT A 2R AN 2 BRI A o5 [ , AR A A
B H 28 (Mikania micrantha) BB s B2 5850 T HX 4%
VR334 385 7 B8 7 FH AR B J105*; Terracidiphilus BE
7 A SR IR A ) G W A G R A L T X
AR SR LB AL BRAGIR A DT, AR
TR A5 I8 SR X 25 A A B 4 T 5 1] R 4R AR
FH B 5 HAT W A AR 08 0 AT 45 A0 T, IS AR B

1% WHART]

VRETR Rt Y F41EF 128

Haliangium

—— IFHH Positive correlation @ HZ54IH Benificial bacteria
—— A Negative correlation @ #4015 Inhibitory bacteria
@ #/RIKH Ralstonia © THFAIE Helper bacteria

PR IR (20 25 3R IR SRR 0] 4 FH O 2R 5 IR F
A1 5 AT 55 2K PR A B ) 5 7
The gray lines in the figure indicate the relationships within each
microbiota; the dashed lines show the direct inhibitory relationship
between beneficial bacteria and Ralstonia Spp.

3 A E 5 /RKE B EEM N ERXRME
Figure 3 Network of direct and indirect inhibitory effects between

beneficial bacteria and Ralstonia spp.

AN VK, AR 45 R —2 .

T R Y R B AL TR ICE SR L A2 AR P
HE—RINEB RGNS . LI WREE 451
AT BERFAE X - A FREAR I Al A K 0 AT B
BT, S HRAE 1 AL RS I A i 5 — 1B BT 42 .
WAL, 3 SCSAT 25 I W R AEAE RRIE I I 22
P I B R A A, A AR A T R A X A —
FERRRE B RB AT vh 57 R TR TR AR F B2 A RIS
&I 2 AN TR B UIAH G o 455 TR I ) 45 43 B 45 SR
FIHL, A i DT 630 3 400 1) 4 o R0 T 4 TR 0 55 R 1R
B A e I RIE o LA % B2 hn AR PR 4 5 1A
R 15 v (i) il By R ke 22 ] 9 A A R A0 1 3 98 57 7R
IR Y F e R &R, HLA 5 B i k2 e B i
9 JER AT A B BE AT 01 98 /0 T A 57 R G T (Ralstonia
solanacearum ) WiE4E . X GAM TG LA , R H
B IR 5 o RBHIC It a4 1 B0t 7 50 7 o v o 0
WA R A TR, R T 57 R IR TR A AL A, HL A
T4 FH G o )42 T e Rl A B 40 R S, A
ST I & BAT B T 1 i - S A TR -5 908 i TR 22 8] A



s % AR 5 T BV B - S P 2777

B St 7 A0SR T A (9 2k (B AR At 1T
TER () SR, Syt d 75 B R A0l A BRES T S Ak 10T
/Em;l\%o

4 £k

e
(1) B 5 5 ST ft A 8 4 139 B AT 43 L
A WIZERE , I F2 0 I SR AR T = ] ) S A
IR F R i 55 /K FRE AR K

(2) B 5 e S IC It 245 1 B0t 7 i S b 1
A FRAR DL , 16 TR0 7 3 b A% 5 A R 5
hHAR SR

S 3k

[ B3, 2T . 6 5 A 36 5 R (1. o W3,
2021(2):30-40. TIAN Y Q, GAO L H. Theory and technology for fa-
cility cultivation of high—quality tomato[J]. China Vegetables, 2021(2) :
30-40.

[2] CONWAY G. The doubly green revolution: Food for all in the twenty—
first century[J]. Quarterly Review of Biology, 1998, 24:394-395.

[3] = T8, sRIE . AR SARBR A ST 1. AR RS KK
A ZS ROV (I B A S 2 AR, 1998, 9(5) 549554, GAO Z Q,
ZHANG S X. Continuous cropping obstacle and rhizospheric microecol-
ogy I . Root exudates and their ecological effects[J]. Chinese Journal of
Applied Ecology, 1998, 9(5) :549-554.

[4] 222N, sRBRAR, 2R . A8 1 VF 3 A BIL i OF S 08 e (0], 4=
HE, 2015, 47(2) :266-271. LI X G, ZHANG T L, WANG X X. Ad-
vances in mechanism of peanut continuous cropping obstacle[J]. Soils,
2015, 47(2) :266-271.

(51 3608, b, R5E, 25 AW HLIE XS A 8l A BRABUR s 1358
P X3 RO R K BT BB R (D). R s Al R 2441, 2013, 36
(4):77-82. ZHANG P, WEI Z, ZHU Z, et al. Effect of a bio—organic
fertilizer on microbial flora and Ralstonia solanacearum population in
rhizosphere soils of continuous cropping tomato and pepper[J]. Journal
of Nanjing Agricultural University, 2013, 36(4) : 77-82.

[6] =5k, scHiy, AUE, 55 . MU S AL 55 14 A A M BITiaTIT. B
oA R, 2022(19) :125-128, 137 LIX L, ZHANG R F, DATJ,
et al. Occurrence and control of main soil=borne diseases of pepper(J].
Modern Agricultural Science and Technology, 2022(19) :125-128, 137.

[7] A/, (] A AR . AE R E T HERR ()] ) AR AR, 2020, 47
(12):82-89. SHE X M, HE Z F. Advances in studies on crop bacte-
rial wilt caused by Ralstonia solanacearuml|J]. Guangdong Agricultural
Sciences, 2020, 47(12) : 82-89.

[8] HEAHI, BRI . 30 A N 2 X ) A 0 D R A 0 A F Y
[J]. 15254, 2016, 53(2):305-310.  CAIZ C, HUANG X Q. Soil-
borne pathogens should not be ignored by soil science[]]. Acta Pedolog-
ica Sinica, 2016, 53(2) :305-310.

01 %, WAL, T2, 55 Y AL FURR AR RAR BRI L
B FE BE (D], 1344, 2019, 56(1):12-22. YANG Z, DAIC C,

WANG X X, et al. Advance in research on rhizosphere microbial mech-

anisms of crop soil-borne fungal diseases[J]. Acta Pedologica Sinica,
2019, 56(1):12-22.

[10] RAAIJMAKERS J M, MAZZOLA M. Soil immune responses[J]. Sci-
ence, 2016, 352(6292) : 1392-1393.

[11] MENDES L. W, RAAIJMAKERS J M, DE H M, et al. Influence of re-
sistance breeding in common bean on rhizosphere microbiome compo-
sition and function[J]. The ISME Journal, 2018, 12(1) :212-224.

[12] OSHIMA H, GOTO D, GOTO L. Effect of organic matter removal treat-
ments and addition of aluminum—containing substances on incidence
of Fusarium wilt of lettuce[J]. Soil Science and Plant Nuirition, 2015,
61(4):613-619.

[13] LOFFREDO E, BERLOCO M, SENESI N. The role of humic fractions
from soil and compost in controlling the growth in vitro of phytopatho-
genic and antagonistic soil=borne fungilJ]. Ecotoxicology and Environ-
mental Safety, 2008, 69(3) :350-357.

[14] WEI S P, LI G L, LI P F, et al. Molecular level changes during sup-
pression of Rhizoctonia solani growth by humic substances and rela-
tionships with chemical structure[J]. Ecotoxicology and Environmental
Safety, 2021, 209:111749.

[15] DUKE E R, DOEHLERT D C. Effect of heat stress on enzyme activi-
ties and transcript levels in developing maize kernels grown in culture
[J1. Environmental and Experimental Botany, 1996, 36(2) : 199-208.

[16] MOHAMED E I B, ENTSAR I R. Characterization and antimicrobial
activity of water—soluble N — (4—carboxybutyroyl) chitosans against
some plant pathogenic bacteria and fungi[l]]. Carbohydrate Polymers,
2011, 87(1):250-256.

[17] DA SILVA A P S, OLIVARES F L, SUDRE C P, et al. Attenuations
of bacterial spot disease Xanthomonas euvesicatoria on tomato plants
treated with biostimulants[J]. Chemical and Biological Technoligies in
Agriculture, 2022, 8(1) : 1-9.

[18] OH J, CHUN S C, CHANDRASEKARAN M. Preparation and in vitro
characterization of chitosan nanoparticles and their broad—spectrum
antifungal action compared to antibacterial activities against phyto-
pathogens of tomato[J]. Agronomy, 2019, 9(1) :21.

[19] ZHANG J R, CHENG X W, CHANG L L, et al. Combined treatments
of chitosan and sodium silicate to inhibit Alternaria alternate patho-
gens of postharvest winter jujube[]]. Food Science and Biotechnology,
2021, 30(4) : 589-597.

[20] Vit MHESS, PNEEZE, 25 . it FH A= 0 00 R0 X6 25 0 SRR 1S L
WECHE RIS B TE(T]. Al 3R B 22 2741, 2022, 41(9) £ 2073-2081.
XU JY,HAO Y Q, SUN H J, et al. Effects of biostimulants on effi-
ciency increase and emission reduction in water spinach cultivation
[J]. Journal of Agro—Environment Science, 2022, 41(9) :2073-2081.

[21] 5K, PRI, 25, 45 . FEROMEXT SR A A bR -3 KA A K 1
ma[J]. L7 e 2, 2020(22) :86-95.  ZHANG M, SUN M, WANG Y,
et al. Effects of chitosan on rhizosphere soil and plant growth in green
beli[J]. Northern Horticulture, 2020(22) :86-95.

[22] £, ¥ . STERMEXT Z R RIS 40 T ROR AR (T]. A 24,
2009, 48 (11) : 781-783.  WANG L, MENG L. Summarize on anti-
fungal effect of chitosans on different kinds of pathogens|J]. Agrochem-
icals, 2009, 48(11) : 781-783.

[23] HAEAE, JEB e, FR214 R WL Se R E e A i B E BIR L

WWW.Qes.019.CN




m@g 2778

VRETR Rt Y F41EF 128

JHITL AP S Al TR BE #2022, 35(3) :62-71. TIANTY,
ZHOU X H, ZHOU H ]. Application of carboxymethyl chitosan in
plant diseases and pest control[J]. Journal of Zhongkai University of
Agriculture and Engineering, 2022, 35(3) :62-71.

[24] JIANG N, WU M, LI G L, et al. Humic substances suppress Fusarium
oxysporum by regulating soil microbial community in the rhizosphere
of cucumber( Cucumis sativus L.)[J]. Applied Soil Ecology, 2022, 174
104389.

[25] BRI, S, Wk, 55 IR X AL A e Hh - S B T e 45
B S2 0 [J/OL]. 82747 « 1-12[2022-10-23]. hitps://chn. over-
sea. cnki. net / kems / detail / detail. aspx? FileName=
TRXB20220509000& DbName=CAPJ2022. WEI S P, WU M, LI P
F, et al. Effects of humic acid on fungal community structure in a pea-
nut—continuous cropping soil[J / OL]. Acta Pedologica Sinica: 1-12
[2022 - 10-23]. https://chn. oversea. cnki. net/kems/ detail / detail.
aspx?FileName=TRXB20220509000&DbName=CAPJ2022.

[26] BRI, Sy, HE, 55 AR I v L 71 T T 1 2 R A
FAD. AR, 2019, 52(1) :65-72. WEISP, WU M, LI G
L, et al. Slow-release synergistic effect of humic acid on low concen-
tration chlorothalonil[]J]. Scientia Agricultura Sinica, 2019, 52(1):65-
72.

[27] Ao bt . L EERUE YRR SIS kM. JURT S SR AL,
2010. LIN X G. Principles and methods of soil microbial research
[M]. Beijing: Higher Education Press, 2010.

(28] Jaii A 3L, FNECER, 10, 45 L AR B R X ER b - S P 5
AR LR SR AU AR, 2021, 52(4) :311-318, 350.
QU Z Y, SUN H H, YANG B, et al. Effects of different amendments
on soil microorganisms and yield of processing tomato in saline alkali
soil[J]. Transactions of the Chinese Society for Agricultural Machinery,
2021, 52(4):311-318, 350.

[29] VOORT M, KEMPENAAR M, DRIEL M, et al. Impact of soil heat on
reassembly of bacterial communities in the rhizosphere microbiome
and plant disease suppression[J]. Ecology Letters, 2016, 19(4) :375—
382.

[30] =K, e, 2dEde, 45 . BT FUNGuild (8l ) B s & s ki
BRARBR ECRREA DI IEL]. B 240, 2019, 25(2) :63-68. LI
P F, YANG L, LI G L, et al. Research of rhizosphere fungi communi-
ties of Fusarium root rot diseased tobacco based on FUNGuild[J]. Acta
Tabacafia Sinica, 2019, 25(2) :63-68.

[31] %kbdl 22, 25w, XA, A5 . PO JTGEVERTHE BRI PR 3% 00 52 )T,
HEJR3E, 2019, 32(2):6-11. NIE'Y J, LIR Z, ZHAO J, et al. Re-
lationship between watermelon’ s rhizosphere microbial communities
and continuous cropping obstacle[]]. China Cucurbits and Vegetables,
2019,32(2):6-11.

[32] £z, MBEERL HIKAR, 55 . —FRAL HLAL R A 43185 5 08 M H A
B & BOR PEL). BUE 2@ AR, 2014, 41(10) £ 2035-2042.
WANG Y, ZHENG H Y, FAN Y X, et al. Screening, identification
and the virulence factor of an actinomycete strain Kitasatospora sp.
€620 to bursaphelenchus xylophilus[J]. Microbiology China, 2014, 41
(10):2035-2042.

[33] DEMIRCI H, RAO Y, STOFFEL G M, et al. Intersubunit coupling en-

1% WHART]

ables fast CO,~fixation by reductive carboxylases[J]. ACS Central Sci-
ence, 2022, 8(8):1091-1101.

[34] [ 3C, MAZHART A S, #E 52, 4% . i 7 R W B R 28 PO B 1 4 7
B HAFORRE VA TS PERFSEI/OL]. B~ 4l - 1-15 [2022-
10-21]. https://chn. oversea. cnki. net/kems/detail/detail. aspx?File-
Name=WSXB20220927003&DbName=DKFX2022 HE Y W, MA-
ZHARI A S, CUL Y, et al. Apiericidin—producing Sireptomyces strain :
identification and antagonistic activity on Xanthomonas oryzae[J/OL)].
Acta Microbiologica Sinica: 1-15 [2022-10-21]. https://chn. oversea.
cnki.  net / kems / detail / detail. aspx? FileName=
WSXB20220927003&DbName=DKFX2022.

[35] FRORZE, siih, W BUHG, 45 . Wi s & B BE R I T 1 40 18 % 0 T
Ty B (0 5 R O A M BA BOR ] R E AP BTif 24, 2022,
38(5):1280-1287. XU Y W,ZHANG N, CAO Z Y, et al. Isolation
and identification the pathogen of ophiopogon japonicus black spot
and control effect of Streptomyces diastatochramogenes|]]. Chinese
Journal of Biological Control, 2022, 38(5):1280-1287.

[36] R, WhZeak, FBIFHT, 55 . W& 54 BE 2 7 NBF715 By 125 2 L
{81 B SR B9 00 22 B TE (D). R4 4P, 2022, 48(4) : 175-179.
HUANG D Y, YAO J W, ZHENG ] L, et al. Control effect of Strepto-
myces enissocaesilis NBF715 on damping—off of cucumber and its pre-
liminary antifungal mechanism[J]. Plant Protection, 2022, 48 (4) :
175-179.

[37] Shighich, W DHOE, B0 F DL, A5 . BHE B 6E R TR S1=79 XK A 1 i
Hiliis (4 Bl ORI A= F D). o DK AR B2, 2022, 36(6) £ 623-638.

MAJJ,PANY Y, YANG S Y Y, et al. Effect of Streptomyces thiolu-
teus on controlling and promoting rice bacterial blight[J]. Chinese Jour-
nal of Rice Science, 2022, 36(6) : 623-638.

[38] YIN L J, LIU B, WANG H C, et al. The rhizosphere microbiome of
Mikania micrantha provides insight into adaptation and invasion[]].
Frontiers Microbiology, 2020, 11:1462.

[39] MORI T M, CAHN J K B, WILSON M C, et al. Single=bacterial ge-
nomics validates rich and varied specialized metabolism of uncultivat-
ed Entotheonella sponge symbionts|J]. Biological Sciences, 2018, 115
(8):1718-1723.

[40] KURNIA N M, URIA A R, KUSNADI Y, et al. Metagenomic survey
of potential symbiotic bacteria and polyketide synthasegenes in an in-
donesian marine sponge[J]. HAYATI Journal of Biosciences, 2017, 24
(1):6-15.

[41] GARCIA-FRAILE P, BENADA O, CAJTHAML T, et al. Terracidiph-
ilus gabretensis gen. nov. , sp. nov. , an abundant and active forest soil
acidobacterium important in organic matter transformation[J]. Applied
and Environmental Microbiology, 2016, 82(2) :560-569.

[42] AU, 2558, IR FY, 55 Se SROMOT T a7 C o i AR B 20 1R RV 45
B RAE (). B8 25291, 2017, 44(8) : 1505-1516.  DONG C
J, LI L, WANG L L, et al. Improvement effects of chitiosan on rhizo-
sphere bacterial community structure of tomato plug seedlings[J]. Acta
Horticulturae Sinica, 2017, 44(8) :1505-1516.

[43] LI M, POMMIER T, YIN Y, et al. Indirect reduction of Ralstonia sola-
nacearum via pathogenhelper inhibition[J]. The ISME Journal, 2021,
16:869-875.

(FUAT G - AR R )



