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Effects of intercropping the weed Artemisia lavandulaefolia on soil microbial
structure and diversity in tea gardens

ZHANG Hui, LI Hui-ling, WANG Qing-sen, LIU Feng-jing, LI Jin-yu, LI Liang-de, ZHONG Qiu-sheng ,
WANG Ding-feng’

Tea Research Institute, Fujian Academy of Agricultural Sciences, Fuzhou 350012, China

Abstract: Weed management in tea (Camellia sinensis) plantations is a critical issue affecting tea yield and quality,
with long-term chemical weed control leading to soil ecological degradation. In this study, we determined how
intercropping with Artemisia lavandulaefolia, a dominant weed in tea plantations, affects soil physicochemical
properties, soil microbial communities, and soil fertility in tea gardens. We used Illumina Miseq high-throughput
sequencing to analyze the bacterial (16S rDNA) and fungal (ITS) community structures in soils of tea gardens with
and without A. lavandulaefolia intercropping. It was found that intercropping with A. lavandulaefolia significantly
increased the contents of organic matter (18.66% ), total nitrogen (23.08% ), and available potassium (30.63%)
in the rhizosphere soil of tea plants. Intercropping with A. lavandulaefolia did not significantly alter the a-diversity

(Shannon and Chao 1 indices) of bacterial and fungal communities, but it significantly affected their composition.
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Among the dominant fungal genera, the relative abundance of Metarhizium was increased by 8.22-fold in the
rhizosphere soil and by 93. 92% in the inter-row soil of tea plants intercropped with A. lavandulaefolia. Among the
soil bacteria, Gemmatimonas, Sorangium, and Roseiarcus were significantly enriched in the soil of tea plants
intercropped with A. lavandulaefolia. Additionally, intercropping with A. lavanduleafolia had a more pronounced
impact on rare fungal and bacterial taxa with low relative abundances. In conclusion, the presence of the weed A.
lavandulaefolia increased the contents of organic matter, total nitrogen, and available potassium in the rhizosphere
soil of tea plants, changed the structure of the soil microbial community, and increased the abundance of beneficial
bacteria, specifically Metarhizium, Gemmatimonas, Sorangium, and Roseiarcus. The results of this study provide a
theoretical basis for ecological grass control and sustainable management of tea gardens.

Key words: tea garden intercropping; Artemisia lavandulaefolia; soil microorganisms; soil fertility; high-
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Table 1 Effects of intercropping A. lavandulaefolia in tea garden on soil physicochemical properties

Jib 2 pH A LT 25 AR A R
Treatment Soil organic matter Total nitrogen Available phosphorus Available nitrogen Available potassium
(g-kg™ ") (g-kg™ ") (mg-kg ") (mg-kg ") (mg-kg ")
CK 3.56£0.045bB 47.90£1.50aA 2.40£0.07aA 20.85£0.87aA 167.50410. 50aA 251.50£5. 48aA
TA 3.67+0.040bB 42.25+1. 15bA 2.16£0.02bB 21.60£0. 69aA 156.0040. 00aA 168. 5040. 87bB
TC 4.05£0. 050aA 31.80£0. 70cB 1.76£0.01cC 12.05£0. 38cB 148.0047. 00abA 217.50£7.79aA
cC 4.1540. 040aA 26.80£0.40dB 1.434+0.01dD 14.1040. 29bB 126. 50+ 7. 50bA 166. 504 10. 68bB

T R B R I £ AR UERR . [RAUR TR R /NG FRE 3 ) 36 R 48 Duncan [GH7 5 M 25 K96 72 P<<0. 01 F1 P<<0. 05 /K22 5 W 3, F I -
Note: Data in the Table are mean=standard error. Different uppercase or lowercase letters in the same column indicate significant difference at P<<0. 01

or P<C0. 05 level by Duncan’s new multiple range, the same below.
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) A B 3 4 v T 44T 1) 3 (TA) B OTU WA H  Chao 148 $0R1 Shannon #68 , F& AR T 25 AR Br 1 1
(TOHERMM OTUHH ,Chao 1 84 Shannon 8 4%, (H 5 AE W Z R A B . KRR HIE(TCHCCO) &
W OTU % H fil Chao 188 L 5547 HIE(TA M CK) i HE R AR E (£ 2),

B R H R BN TC(1381.67) >CC(1367.33) >TA(972.67) >CK(792.33) , X W 1R b + 5 (TC A
COMAMEMMEH 8% & T84T HIE(TAMCK) , TAT W OTU M MEHE CK B EFW N T 22.76 0. Z&R
MR PR 3 HE(TC H CC)Hr Chao 195 UAI Shannon 45 % i 2 & T 2547 L HE(TA R CK) , 5 5 4E DR Lo, B 3058 ) E
T AT W R A AR AR E (R2),
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Table 2 Effect of intercropping A. lavandulaefolia in tea garden on soil microbial community a diversity index

b 3 41 % Bacteria HE# Fungi
Treat- OTU%H Chao 145%X Shannon 1§ 5 OTU%H Chao 145%k Shannon 1§ 5t
ment OTU number Chao 1 index Shannon index OTU number Chao 1 index Shannon index
CK 792.33+29. 79Cc 1113.89+84.45Bb 6.7340.12Bb 455.67+13.53Aa 558.22+8.40Aa 5.28+0.17Aa
TA 972.67+£12. 33Bb 1340.70£62. 13Bb 7.1040. 22Bb 476.00£43. 59Aa 567.90£69. 89Aa 5.76£0.22Aa
TC 1381. 67+22. 30Aa 1857.90£79. 61Aa 8.43+0.02Aa 505. 00+50. 48Aa 670.31+44.89Aa 4.8240.79Aa
CcC 1367.33£22. 24Aa 1818.12£23.41Aa 8.40£0.04Aa 546.00+13. 89Aa 714.16+£34.03Aa 5.60£0.17Aa

2.3 NAEELE M AMBE LR S HRG YR

R PRGE AN ) b B 22 1] L TR RV 09 25 0 25 5, SR T 32 a0 A i R AT B A 4R IR, &2 25 e K AK E R R R
(P=0.05) , $2HLT 24> Wi, sTlk R 40 500 36.62% F119.41% , & 1A iR TA TC.CC 1 CK B & 43 # 5>
A, 25 Ab 3PN F SR 43 A0, 20 1) T A8 S, 10 Y 4% A S L TR R AR 2 S T L ) A R VA S A R AT T A o B, k4R
BT 24~ E RSy, STk A5 4 58. 75% At 12.84% , TA il CK RAEFE —if2 , CC M TC RELE— L , Ui I 45 4b # 41
PR PP 22 5 R B (& 1B) .
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Fig.1 Principal component analysis of soil fungal and bacterial communities in tea garden under A. lavandulaefolia intercropping
AR e B RETE A M, B AR R £ BN B YR 4 4 BT . A represents the principal component analysis of soil fungal community, B

represents the principal component analysis of soil bacterial community.
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F16.14%~10.09% , 4t 5 2 fr A5 BB R ALY 85. 27 %0~91.19% o 5 BAAEAS R AR B - HEAH LE |, 100/ 37 2058 X AR
br 3, B 25 B 1] (Rozellomycota) FhREFE FEHA N T 203. 25% (K 2A) .
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Fig. 2 Relative abundance of soil fungal community at phylum and genus levels of intercropping A. lavandulaefolia in tea garden
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(Trechispora) . K% J& (Trichoderma) I # 2 & 161 J& (Pestalotiopsis) 55 3 13 4> J& , FHo Ay % 78 1 9 Fl A X =F
JE<106 HZEH A . ZEASWIAR PR L3 op AR XS F BE AT 3 AR 358 3 A dn R - TC A4k 3 16 )8 (25. 85% ) \Saitozyma
(12.09% ) Fn ¥k 5 )& (6. 74% ) ,CC N Saitozyma(17. 31% ) KA 5 & (12. 33 %) A i % )& (10.09% ) . 1E
AT LR A S BEAT 3 BB R o0 A AR - TA S Saitozyma(9.90%0) HLES £L 1 Js (6. 76 0) H1 4l 4t %5 )&
(6.14%),CKH Saitozyma(25.85% ) Bk #1858 (6. 87 %0 ) F 4 I #i @ (5. 56 %6 ) (&l 2B) o H st vl UL, 1] 1 7 385
WY 08 7 AT RSN 2R AR PR AT 3 B9 DL R o3 A B . Horh Saitozyma MRS R S 2% B 4 g A
HE

i i metastats 20 8] 4 35 Pk 22 5 3 A R I, TR JS A AR B T4 rp 24 LT s B W3 22 5 M R EE =1 %
MIA 34,43l B 72 8 | ki e AR A B 85 s, 5 CC AR L, B 52 11 i RN K/ [ 16 25 s A 6 = BE7E TC h
BFEW AT 61.29% (P=0.015) F1 74. 92 (P=0.029) , £ {FL & J& AH X 3= B3 in 1 8. 22 £ (P=0.009) (£ 3) .
A X 32 BE<<1 % (% )@ G045 35 AL J& (Arthrobotrys) (Bt —ftlJ& (Lasiodiplodia) . 1. 55 7 J& (Ilyonectria) (I W] Bk
W& (Claroideoglomus) W 2T ( Paraphaeosphaeria) KL A5 J& (Acremonium) 55 214~ )& , HAE AW PR £
P AR 3 (P<<0. 05) Bl 1 3% 22 7% (P<<0.01) . [AIVEZSMAT T3 rh XS F2 8 =100 19 448 i HE v & 2E
HA, 5 RAE AT RIEA L (CK) , M AE 2517 158 (TA) B9 Saitozyma . K %5 J& 73 %l . 2 W > 7 61.69% (P=
0.001) 1 40. 1426 (P=0. 046 ) , 1l ALK L 77 Ja8 1 2% {15 1 Jas 19 AR ot 2 BE . 35 380 17 28. 39 4% (P=0. 007) A1 93. 9274
(P=0.036) . HIXF 4 <<1% 098 35 1R 71 9% 5 )& (Rhizophagus) K& 15 1 J& (Pleospora) Hebeloma Fl 4 ith i
B}J& (Nadsoniomyces) %5 324> J& , HAEZAT T3 AF7E i 3% (P<<0. 05) Bl i 3% 22 5 (P<<0. 01, % 3).

2.5 ARERICE A A E LR AR R ¥R

124~ A Ff b JEAG It 20 18 30 N1, 84 40, 124 H , 206 4R, 280 J& o 7T IR, B 44 B A X £ E=1%
B4 104, Herp 8 JE 1 1] (Proteobacteria) (B2 A 1 1] (Acidobacteria) F i 28 1 '] ( Actinobacteria) L #1] , A
Xt 2 B 43 90 33.10%~38. 41% ,28. 84 %~35.10% ,9. 43%~12.65% o [ VE AR B2 2k Il + AR S TTRETS . 5
CK A F , L AT 1 1] ( Bacteroidetes ) A1 2 ¥ i 5 [ ] (Gemmatimonadetes ) A1 %F 32 B 7E TA 425 7 1. 49 F1 6. 17 4%
(EI3A).

12 & KV b, 28 B AR PR b S A 3w AH X R R OR R AR R A, 4 ) 2 e TR W A R (Acidothermus) |
Candidatus_solibacter TR ¥ & J& (Acidibacter) 1 & & ¥ B J& ( Bryobacter) ; 2517 18] MO0 @ kAol Az b F
P A S W TR A A4 B 8 e AR AR B 8 ( Bradyrhizobium ) 1 [RIVE 25 4T T 3R 09 I8 38 i Acidicaldus MR AT B &
A5 N BEAT I B A Candidatus_solibacter( 3B) .

i metastats 20 [A] 1 & Pk 22 5 40 & B0, 76 © R 44 I ARXT =100 19 14D g b AUH 440 8 B e v kA4
0 E AR S HAEAR LG, BOB S R (Roseiarcus) M6 2 BEAE TA i 35 B AR T 48. 4120 (P=0.016) , 7 TC 12
5 T 37.69% (P=0.013), Burkholderia-paraburkholderia W J& W A X = B 78 1 B BUAH I @ 34, 76 TA H g 35 3
T 44565 (P=0.005) , 7 TC " i Z[EAK T 48. 41% (P=0.019) . 2 ¥ & ( Gemmatimonas ) Kl £ 4 He 9% 1 J&
(Sorangtum) W AH X = B 7 8] 7 DX 34 I, v TA 4b B 29 1) 18 35 48 & 1 3. 38 4% (P=0.032) #l 2. 10 £ (P=
0.025), TCH4r 542w 1 43.40% F139.46% (£ 4).

AR = BE <1 Y0 9 8 I S At , R X = B AR 09 i 16 MR 5E BB (Nitrospira) (B W TE I8 ( Variovorax) (4 4l /\
& BRI & (Sporosarcina) 55 17 F 1 & 78 A5 AR B + 8 0] 47 78 2 2% (P<<0. 05) sl ik 3 25 5% (P<<0. 01) 5 " B AP 1A
J& (Rhodanobacter) ¥ [C WA J& (Dyella) | % W 5 i 1 & (Sphingomonas) 55 154 J& 78 A AE 5 [RI/E 2517 - 98 b 47
TE R 3 (P<<0. 05) Btk W 35 22 5 (P<<0. 01) o Hy b nl UL ] VB 3058, 5025 B | A X = B AR B I Y -+ S 400 7
K RABEEZEH(ERD,

2.6 XEBACHFE AR mE SHRRBELEMZ MY X R
- SRR S5 R RN AN T R o 2 REPEAR OG0 B R B, HUR Chao 148805 pH 2 B2 IEAHOC K &, SA P
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Table 3 Metastats was used to analyze the significantly different fungal genera

I TCHhigEE  CChiyEE Pl I TAMESE  CKIPgMA P
Genus The abundance The abundance P-val- Genus The abundance ~ FJ& The abun-  P-val-
in TC (%) in CC (%) ue inTA (%) danceinCK (%)  ue

SR 8 Metarhizium 25. 850 2.800 0.009 | Saitozyma 9.900 25.850 0.001
KA 85 & Staphylotrichum 3.090 12. 330 0.029 | #HAEFLIE)E Trechispora 6. 760 0.230 0.007
B W B Chaetomium 3.000 7.740 0.015 | kT 8 Metarhizium 3.940 2.030 0.036
H 3 & Leucoagaricus 0. 650 0.024 0.004 | K%EJ& Trichoderma 1.760 2. 940 0.046
Castanediella 0.180 0.051 0.001 | Ramicandelaber 0. 960 0.370 0.020
Cladophialophora 0.170 0. 340 0.003 | Xepicula 0.450 0.170 0.034
ik 5 JB Phialocephala 0. 064 0.026 0.038 || 15 15 )& Aspergillus 0. 360 0.630 0.048
251 IR Sordaria 0.037 0. 096 0. 044 | Phaeomoniella 0. 340 0. 160 0.018
+ 3578 Iyonectria 0.032 0.170 0.003 || 2 JE R AEE Clonostachys 0. 260 0. 160 0.048
FCTBU 6L 25 )& Acremonium 0.030 0.120 0. 034 | B4H%5 )8 Coniosporium 0.230 0.019 0.026
I BF52 18 Paraphaeosphaeria 0.019 0.150 0.027 | #5542 J& Clitopilus 0.120 0.014 0.001
LR Arthrobotrys 0.016 0.070 0.032 | Hebeloma 0.097 0.003 0. 028
R IE Phacidium 0.010 0.000 0. 023 || Octaviania 0.070 0.003 0.035
Crustoderma 0.008 0.048 0. 028 | Thozetella 0.062 0. 000 0. 024
Phaeomoniella 0. 006 0.075 0.011 | B G HELE Scolecobasidium 0. 060 0.003 0.021
EERTEIR Lasiosphaeria 0.006 0. 000 0.013 || Pseudoproboscispora 0.048 0.000 0.001
B M8 Lasiodiplodia 0.003 0.037 0.001 | Thermoascus 0.048 0. 005 0. 030
Chacetosphaeria 0.003 0.070 0. 030 || #2748 85 )8 Rhizophagus 0.022 0.045 0.041
Scleroderma 0.002 0.034 0. 036 | Pseudophialophora 0.021 0. 057 0. 025
I A BRPE R B Claroideoglomus 0. 000 0. 005 0. 000 | #5¢J& Cosmospora 0.019 0.005 0. 006
Requienella 0. 000 0. 006 0. 013 | Polyscytalum 0.019 0. 005 0.049
Saccharomycopsis 0. 000 0.010 0. 023 | i Wi L)@ Strelitziana 0.013 0. 000 0.003
Nephroma 0. 000 0. 094 0.043 | RZJ& Ganoderma 0.011 0. 000 0. 045
W TEE Agaricus 0. 000 0.120 0. 048 | Umbelopsis 0.010 0.061 0. 044
Wi ftl5% i & Podospora 0.006 0.034 0. 004

Arthrographis 0.006 0.032 0.023

Coprinopsis 0. 005 0.026 0. 030

Trichophaea 0.003 0.035 0.017

ZFE0J& Robillarda 0.003 0.029 0.022

Roussoella 0.003 0.021 0.043

1 EFFE 1 Paraphaeosphaeria 0.002 0.081 0. 000

REFEH)E Chaetomidium 0. 000 0.024 0. 002

e A6 1 J& Pleospora 0. 000 0.011 0. 004

[ ¥ £} )& Torula 0.000 0.014 0. 006

LB B E Clavulinopsis 0. 000 0. 059 0.016

i FERE )& Nadsoniomyces 0.000 0.029 0.019

A MR 280 5 0 2 SO DG OC A&, T Shannon 45 %00 5 AL AP 52 B 38 DA SCOC &R . i7E R A b, OTU % H |
Chao 145 %A1 Shannon 48 %05 pH S AR 8 3 IEMSCC R, S P 2R A Sou M 20 48 B AR R . X
FCECTR B o Z AR HE, A0 R A o 2 R 1E  0 R AL I i 22 [RDAH S B W 35 (3R 5) .
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Fig. 3 Relative abundance of soil bacterial community at phylum and genus levels of intercropping A. lavandulaefolia in tea garden
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F4 Bl metastats P EREEZENHAEE
Table 4 Metastats was used to analyze the significantly different bacteria genera
@ TCHy  CCHy  PE @ TAHH  CKHH  PE
Genus F B The FJE The P-val- Genus FJE The  FJE The P-val-
abundance  abundance ue abundance  abundance ue
in TC (%) nCC (%) in TA (%) inCK (%)
ZEHMTEE Gemmatimonas 1.630 1.140  0.049 | Burkholderia-paraburkholderia 0. 730 0. 130 0. 005
Burkholderia-paraburkholderia 1. 380 2.630 0.019 | £F4EHEFE R Sorangium 0. 640 0.210 0.025
e B & Roseiarcus 0.910 0. 660 0.013 | ¥ H & Roseiarcus 0.610 1.180 0.016
T HEHEFE R B Sorangium 0. 920 0.660  0.049 | ¥ IKH)E Dyella 0. 340 0.040  0.024
Variibacter 0. 600 0.400  0.048 | ZF LR B Gemmatimonas 0.310 0.070  0.032
il U2 i€ 18 J& Nitrospira 0. 160 0.280  0.019 | #5Z B I Sphingomonas 0.290 0.050  0.030
IR 8 Anaeromyxobacter 0. 090 0.070  0.046 | /=¥ #T 1 8 Rhodanobacter 0. 250 0.090  0.004
Pseudolabrys 0. 090 0. 040 0.049 | Conexibacter 0. 140 0.070 0.041
Conexibacter 0.080 0.030 0. 027 || Haliangium 0. 060 0.010 0.027
& K 221 8 Longimycelium 0. 060 0. 000 0.034 | m&FK LR Longimycelium 0. 060 0.010 0. 006
R E Variovorax 0.050 0.090  0.002 | Jatrophihabitans 0. 060 0.010  0.006
i [N R Gaiella 0. 040 0.130  0.040 | AL HHE S Sinomonas 0. 050 0.000  0.025
SN 8 Holophaga 0.030 0.100  0.026 | ZEWAT I 8 Mucilaginibacter 0. 040 0.010  0.003
Candidatus_nitrosoarchaeum_limnia_SFB1 0.030 0.100 0.047 | ZEf/\ZEKF J& Sporosarcina 0. 040 0. 100 0.034
AKIAW T i Asticcacaulis 0.020 0.000  0.012 | Bauldia 0.010 0.000  0.040
Bacterium_enrichment_culture_clone_auto112_4W 0.020 0. 000 0.023 | 2riiFsh W& Rhodoplanes 0.010 0. 000 0. 000
TR ICTH B Leifsonia 0.010 0.010 0.000 | Groundwater_metagenome 0.010 0. 000 0. 000
BRI R Sporosarcina 0.010 0.050  0.039 | HZEHJE Massilia 0.010 0.000  0.000
Perlucidibaca 0.010 0. 000 0.013
AR Woodsholea 0. 000 0.010  0.013
LA BT IR Terrimonas 0. 000 0.020  0.017
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TEHERMAEN o SEEEHS 28 H R E 8 Spearman 18 X M 53 17

Table 5 Spearman correlations analysis between soil fungal and bacterial a diversity and soil physical and chemical properties

BRI pH A PLB ER Ak i it 2 R

Index Soil organic matter Total nitrogen Available phosphorus Available nitrogen Available potassium
B Fungi
OTU%(H OTU number 0.54 —0.49 —0.57 —0.16 —0.50 —0.40
Chao 14541 Chao 1 index 0.68* —0. 64* —0.73%* —0.41 —0. 81** —0.28
Shannon #§ % Shannon index 0.35 —0.23 —0.29 0.27 —0.10 —0.59%*
2 1 Bacterial
OTU%(H OTU number 0. 82%* —0. 82%* —0. 83%x* —0. 77*x* —0. 83** —0.46
Chao 145%1 Chao 1 index 0. 81 —0.81** —0. 78%x* —0. 83%* —0. 80** —0.41
Shannon #§%{ Shannon index 0. 79%* —0.73%* —0.79%x* —0.69* —0. 80%* —0.30

o *FRTE P<<0. 05K PR BE, » 7 P<0.0LKFEFEE. T,

Note: * means significant difference at P<<0. 05 level, and ** means significant difference at P<<0. 01 level. The same below.

HEETPRARMEERES pH 2B EMHXER, 5SAIE &R A S0 A a L D e e R, Hk
EE SR R R ERHLRR ., SEEE S AR R E MR MEF Candidatus_solibacter FRFT

PR AR R T R AT R R S A LT A G A O R R

*6 TEMBEEFE HAEESTEENMRZ EA Spearman 18 3% £ 4717

Table 6 Spearman correlation analysis between dominant fungal genera, bacterial genera, and soil physical-chemical properties

R E AIEOCR 5 pH R IEA G R

Bk pH A B L4 B TRfiTE 4L R

Index Soil organic matter  Total nitrogen — Available phosphorus ~ Available nitrogen  Available potassium
FCTHFP S Fungi species
Saitozyma —0.32 0.39 0.34 0.34 0.32 0.50
Wi 15 JE Mortierella 0.32 —0.40 —0.20 —0.19 —0.15 —0.29
KA 1055 J& Staphylotrichum 0. 79%* —0. 78%x* —0. 78%% —0. 64 —0. 77 —0.22
e T1 & Fusarium 0.34 —0.38 —0.45 —0.21 —0.44 —0.20
FREFLTAJE Trechispora 0.26 —0.26 —0.22 0.00 —0.24 —0.62%
LRE B R Metarhizium 0.48 —0.56 —0.50 —0. 66%* —0.50 —0.36
4 1 F12 Bacterial species
Candidatus-solibacter 0. 62+ —0. 60% —0.63* —0. 62+ —0. 66* —0.26
FRAT & Acidibacter 0.70* —0. 66* —0. 66* —0. 77*x —0. 59% —0.15
WEFR WA & Acidothermus —0.41 0.43 0.35 0.55 0.35 0.22
MR B Rhizomicrobium 0. 76%* —0. 745 —0. 79%* —0. 73%* —0. 79%x —0.23
18 AR B R Bradyrhizobium 0.04 —0.08 0.04 —0.11 —0.07 —0.09
EEEFT B Bryobacter 0. 73%x —0.68* —0.70% —0.61* —0.65* —0.38

SR ARG S B TR R G R A5 R A A A A S B DR o AR B R R K- e ) R R S R A

YRR E R A VR O SRR B AT OCAR A 0T, A R R T A s KOF b T A 5
25.47% 10,47 %, A RN 35. 94 04, o AT ROBIE = it R LR L RE VR A5 A AR E R R O A A
AR 5 R R R E N R A RO > 4 R S R (L AA) o T A A B JE K S b a4 b 39. 2196 A
8.53% , RN AT T4 Y0 AT HILITT IR fiff R ST A0 TR A VR 45 R AR A i DG RE R R Ul pH R ZLER (1 4B ) .
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Fig. 4 Redundancy analysis (RDA) between the relative abundance of soil fungal and bacterial at genus levels and

environmental factors
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