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Effects of different tea plantation ages on soil microbial community structure and
diversity

YAO Ze-xiu, LI Yong-chun™, LI Yong-fu, CHEN Zhi-hao

(School of Environmental and Resources, Zhejiang Agriculture and Forestry University/Zhejiang Provincial Key Laboratory of Carbon Cycling in
Forest Ecosystems and Carbon Sequestration/State Key Laboratory of Subtropical Silviculture, Hangzhou 311300, China)

Abstract To investigate the effect of tea plantation age on soil microbial community structure and diversity, surface and
subsurface soil samples (0-20 and 20-40 cm) were collected from tea plantation at different ages (0, 20, 25, 38 and 48 years).
The soil bacterial and fungal communities were analyzed by terminal restriction fragment length polymorphism (T-RFLP) and
real-time quantitative PCR techniques. The results showed that the soil physicochemical properties changed significantly after
planting tea. The contents of soil organic carbon, available nitrogen, and available phosphorus increased at first, thereafter,
they gradually decreased with the increase of tea plantation age. The contents of organic carbon and total nitrogen in the
topsoil were significantly higher than those in the subsoil. Moreover, the composition of soil bacterial communities varied
according to the tea plantation age, and the bacterial diversity index decreased with increasing tea plantation age. However,
the composition of soil fungal communities, and diversity did not show a clear relationship with the tea plantation age.
Overall, the response of soil bacterial communities was more sensitive to the tea plantation age than that of fungal
communities. With the increase of tea plantation age, the ratio of soil fungi to bacteria showed increasing trend. The soil
microbial community in the tea plantation tended to change from a "bacterial type" with a lower fungi/bacteria ratio (F/B) to a
"fungal type" with a higher F/B.

Key words tea plantation age; soil bacteria; soil fungi; soil layer; community characteristic
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FEREE AR RO EER, T AW AR R AR 9 LR R AT AR Y A SR R ), Al % pH
I AL 2 4 B AR 8 I T AN i B IS, 3R o R R RDY. 3R 20 3% BB 2 AR IR AR AL R, SR
WA A 10 I A — B, s ot A5 I SR I MU L Tl A G T A A A A PR 1
AT G s AR A ST AR @ A RS R I AR WY, RN A AR S R B 2R AR R
WIS T e AR RS . BAL, iR T TR AIE A it P A 5% e - 9 R 0 R R T B AR AE R
B, SBCLEIRAEARE LR A 2 R0 SR, A A I AN [ e SR A A R O B A A PR AR A
(IRF AL BIE ARG B = o R 7 - 38l A A 9 o L 2 5 R A AR AL R ALE B L ok S 1 1) IR BRI 7, Wl Ny
SR AL AR S RGUIB R N TR AT RR R 228 SR A R R 4R T,

TR AV 2 AR A R MO R AL LIRS R A, B FEE T B AR ) AT KR
FIFA s st o FOR L, BERE AR IR IR N, AT R G E MRV 45 M R AR BB, A
R 2o — A3, R S SR IR B 20 0 R = BEFR B, 8 50 B4R O R 2 4 PR 38 38 (B 2%
TREM, BN SR SRR IR R B SO OIS BB R AR RS BT RGO T HEAEA
HAelE 3 pH AR A #0 BE W B 5 e B R v 2 REPE R AL Y Bl SRIASEUIRF SR L, AR A4
REFEHGFFERECREEER . TR T AFAERF R IR E YRV AT 2 M E 4, IR
FURRAL H 2 7™ B (10 7% el - 398 S0 R 9 B A 8 A BRAZ AR AIE S Fe i L K R AR AN R 2. BBk, S
29 T 10 LU AE (F/B) AT LA S e B B 5 400 T AR G B AR A B 2 AN KRR X = AR RO, SR VAl PR
IR GRE VI REVE B B B R bR, AR R YR BRI AR AL e B R AR S R T RE R . i
SEUIRIF PLRA D5l 7o 0, 251 3% /B BEAE A E BRI i 2 BT % . W0 F/B 3 Wil PRk
Huar A58t € & PCR Jiik3 2108, (0 H#l s oM 2t & PCR Jrik B AL Zcld L3 F/B HI#k
. AWFFCRMZOIEER PCR AR MR VE Fr B B 2 FEE (T-RFLP)SEEAR, 29 4 S0 oA 5 xoh
LSRN T A I R VE R AR, RS HUE IR . RO A E B T, o IR
B T PTG O e S A A A R 1.

1 ARMX SRR TE

1.1 W5 XML

TR H A7 T AT o [ R PR 2 B 2 A 58 BT (30107 N, 12005' E) N o & BURPHE 25 20 4F(T20).
25 45(T25) 38 4-(T38). 48 - (T48) M At E AW FLAT &, RN EHEE &A% E 30 m 7247 F bk H (TO)1E
RN . FEMEAERBE 3B 10 mx<10 m IR ENE S, AL M E L 10 m DL, 3t
11 15 Hekedh . w00 X @ AP RAGH 22 AR, PR 17 C, ERRKE 1533 mm. 50 Hh 1 1%
KRB, WM SO R . W Ry JIF 437, LIATEE 150 cm BATFIAE, MR 33 cm,
P EL N 6 Jitk hm?. Kl —E 8, BEKEREE 1K, & 3-4 F£E B 1K, BEHEMT
BAAEZCE . R (FENRR)E N 900 kg hm?2at, i A HLIE (U IE 55 AE)2250 kg hm?2 at. i
J9K fai (Schima superba). #i4% (Cinnamonum camphora) 135 k& #4 (Castanopsis sclerophylla) i) 18 28 #k ,
ANt fE o
1.2 FERCRES b3

RN CREET 2018 45 10 H, {3 A -8k 4 BE H s BUREVE 3 R 45 15 AN FEHR R )2 (0~20 cm) A1 TE
FJZ(20~40 cm)IERE S . REMEFLRI RS E, o 2 mm iFEaN 2 0, LHETEHNAR
T, BB G G AT RSB e B b B 1 L DA TR T-80 C, TR IEAEY
M DNA.
1.3 ik
1.3.1 TEHFEMER

SR SCHR[20]/ 7k, T3 pH ERAE S EMENE, KEWA 5:1; GHHRSERH K.Cr.07-
HoSO4 Jh AN IR 2 s 2R & B LR EYLIRE 2kl e R & 2 HWmy sukille; 7%
W& HCI-NHJF B0 32, FHERPTLL Gk e ; AU & 2 H NHaAC $EHL, 3l KO 6 B T2
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5E o
1.3.2 TEREY S DNA R

PowerSoil® s DNA 2 BRI &4 T [E QIAGEN A F] . FREL 0.25 g {#47FT-80 “CukA4H i)+ 4
FESL, FRF S PR E R RS BUS. DNA. 1% Bt JIE A vt Fie F vk R I 3R B 2. DNA F BEK
/N, FEEUT DNA FE S A7 52-20 CUKAR % H
133 TEME. EEHEESNT

KH T-RFLP AT LA p . HWBEEA y, 1S ECk[21], 1TS FHI8 8 LS
5 ui HH FAM % J& fx i, 40 B R M 51 % 63F(CAGGCCTAACACATGCAAGTC) Al
1389R(ACGGGCGGTGTGTACAAG) ; K X H 5] # 1TSI(TCCGTAGGTGAACCTGCGG) Al
ITS4(TCCTCCGCTTATTGATATGC). 50 pL XMk RAHE Premix 25 pL. JCEXLZ&/K 22.7 uL. 10
umol-Lt [ EWF A R #E54)4 0.5 uL. Bovine Serum Albumin(BSA, 20 mg-mL™)0.5 uL. itk DNA
0.8 uL. PCR # #44FN: 95 ‘CHiZE 4t 3 min, 95 ‘CAE1E 1 min, 53 “C (40 )/55 C(EF)iE-K 1 min,
72 CHEfH 90 s, 30(%.)/32(&-)4\0517(, 72 °C 10 min.

PCR rFe¥&4ifbfa, 2wl AHRHIEN VIR Msp | il Tag | BHATAIE AL EBEY), RMAERA 20
ul, FHrFEg 1 uL, 4itkr=¥) 8 uL, LM 2 uL, #84E/K 7 pL, BSA 2 uL. HEBEVIFEF N 37 C 4
h, 65 ‘C 20 min; EEEIFEF N 37 ‘C 6 h, 65 ‘C 20 min. H Gene Scan analysis #f4:4>#1 T-RFLP
B, X4/ T 50 bp 5] 4 0 F0AH X5 T AR /N T 1% B9 A% W, 0 O S I B 7R O
http://trex.biohpc.org/index.aspx @7 3EME, KSR RFE— NS HH T-RF 28 1 MR EfEso
(operational taxonomic unit, OTU), DL T-RF (1A X 0 T AR 5% BRI OTU BI=EFE,  AHXT = B >10%0H)
T-RF #4002 T-RF. #2615 B3 E MICA Wik (http://mica.ibest.uidaho.edu/pat.php)ik 47 E %t
ff e b g 42K .
134 THEAR. ERNENTESH

K 96 Gk 5 N % (SYBR green) 4T SE i € & PCR. KA SYBR Premix ExTaq™ ik 7 &
(TaKaRa), f# /f] Bio-Rad CFX96 C1000™ Thermal Cycler {¢ %%} -4 % . HF TR G E R PCR Y™
B, T4 DNAFEf 3 IREE . Wt E & PCR MK K 20 L, SYBR Premix ExTag™ 10 uL, 351#1%
0.2 uL, #ifk DNA 1 pL, #BE4li/K 8.6 pL. 40E PCR 514~ 338F(CCTACGGGAGGCAGCAG) Al
518R(ATTACCGCGGCTGCTGG) ; H ¥ PCR 5| #4 NS1(GTAGTCATATGCTTGTCC) f1 Fung
(CATTCCCCGTTACCCGTTG), PCR M FEF A: 94 CHIA M 2 min; 94 CAEPE 30 s, 60 C(4H
PH)/55 C(HLE)IBK 30 s, 72 ‘CZAi 1 min, 30 /MEH . H Nanodrop® ND-1000 ¥l 7€ Jii #i DNA ¥ f&
FEUE S T AN ECTE (R R 5 DU K. DL 10 56 B X B A ORLE AT AR FE AR BE (10°°~108), WAMBRIE 3 N E
5, i qPCR ¥ RIS E . HEMAEM L, FIRE SN 96.8%F1 96.3%, Vi M4 N H—
W, B . B LY gPCR FH o< & %04 %14 0.999 A1 0.998.
1.4 HPEAETE S St

K F Microsoft Excel 2016 /- ¥ ¥ %4, @i SPSS 18.0 Gt it # Ak i3k 47 XK & 77 22 43 Fll 22 5
EVERLIG(LSD ¥4, =0.05). j#id Canoco 5 X #RAL P )i #E47 3 5 7 73 T (principle component analy3|s,
PCA). i R B #E47 AR & £ 4 K& 8 HE 7 (non-metric multidimensional scaling, NMDS), 5
5 RAEEERL Origin 2017 58 /. M R BAF B RUEYREVE 2 FeVEFE U FE T Mantel 1156 1) 345548
HHME . AR Spearman A8 R L. BT R BAFEAT £ St BIEM 4 # (multiple regression
trees, MRT).

ZRPE A PR

-3

D= Yiin(n —1)
Simpson £ ¥R NN —-1)

Shannon % ¥ 14 5 %1
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H
Evenness & FEMEFE# "~ Ins
Kb S MULIE Y OTU $H: n &4 i A T-RF 1 OTU BcH: N NFTH I T-RF 5.

2 ERESH

2.1 AR A IR B AL S 1

R 1A, AFRER. ARLER ZEREAELEELE 7 IR MR, AR, EL
PR . SHBEETOMLIL, HREREE pH HEE(ES, b T20 1 T48 &% [+
i HIRZLIE pH LR FRN. HRE, HRAPK. 2% R, AR e & e
FIN; BERERERMEIN, LA, B RN RS B 2T R R PR, b
AHUBR B S A R B AE T38 R IEA B KAE . BbAbh, AFRMERFREZ LI A LA 4
REEHRERTILRE .

1 AFIR AR 3 A 2

Table 1 Soil chemical properties of tea plantation with different ages

T2 R pH AU gt AL A EeEid Vel

Layer Age Organic C Total N C/N Available N Available P Available K

(cm) (gkg™h) (g'kg™ (mg-kg") (mg-kg") (mg-kg™")

0~20 TO 4.4140.01aA 19.99+0.42eA 1.35+0.10dA 14.87+1.17cB 104.59+3.32¢A 3.19+0.45dA 4.73+0.43eA
T20 3.94+0.07bA 30.60+1.80dA 2.00+0.08bA 15.33+1.28¢B 174.33+6.62dA 173.60+£9.73bA 24.08+0.18aA
T25 4.26+0.41abA 36.06+1.32cA 1.61£0.10cA 22.42+1.77aA 198.84+5.90cA 177.13£10.59bA 17.08+1.03cA
T38 4.31+0.27abA 49.59+0.43aA 2.66+0.14aA 18.701.13bB 331.12+5.71aA 206.80+9.99aA 11.63+0.58dA
T48 3.90+0.12bA 47.02:£0.94bA 2.05+0.10bA 22.96+1.62aA 258.06+2.78bA 133.68+£9.99cA 19.08+0.78bA

20~40 TO 4.49+0.05aA 15.33£0.93¢B 0.53+0.05¢B 29.06+4.36aA 63.69+06.14¢B 1.71+0.57dB 3.87+0.20cB
T20 4.15£0.18aA 26.15+1.26dB 1.37+0.04cB 19.05+1.44cA 178.77+3.91cA 98.31+7.43cB 17.43+0.95aB
T25 4.60+0.55aA 32.07+1.72cB 1.16+0.12dB 27.96+4.03abA 113.30+4.90dB 140.95+6.81bB 11.57+0.788bB
T38 4.35+0.33aA 46.84+0.83aB 2.01+0.03aB 23.26+0.58bcA 243.95+2.70aB 166.329.45aB 10.33+1.09bA
T48 4.02+0.03aA 44.32+0.62bB 1.710.09bB 26.01+1.71abA 214.69+3.03bB 136.43+8.83bA 17.60+1.18aA

F

435" 747.91* 200.45™ 12.02" 1624.29™ 448.00™ 396.91°
FIR Age (A) 2.74 81.28™ 304.02"* 57.18" 856.66™ 100.82™ 118.13*

+JZ Layer (L)

A*L

0.31 1.03 6.09" 6.16™ 96.28™ 22,67 17.32"

*P<0.05; **P<0.01. "~ [F] The same below. [FZIAFEIK /NG FRE IR R E—FERAR L)Z . [F—LEA RS R ZE 5 535 (P<0.05)
Different uppercase and lowercase letters in the same column meant significant difference at 0.05 level between the different soil layers at the same
age and between the different ages in the same soil layer, respectively.

NE—5 T BRI A E IR LI R 2 M 22 5, 3T E 081 (PCA) . &5 R ER(E 1),
FER A 1A 2 6 AL A AR T R 4 N 63.5% A1 17.8%, PE LR T 81.3% K B R .
KEMITEETIE TO. T20. T25 HIREMATN ML, T38. T48 FEf I RAELR —#, RUHE LS 1%
A S S B e, BRI AR AR B (] LA 2= M i 22 57, (H T38. T48 ZRAWIE.
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Fig.1 Principal component analysis (PCA) of soil chemical properties in tea plantation with different ages.

2.2 AFMEA IR AT . AT SS

i T-RFLP B m] 20 (1& 2), #H75 51, 90 A1 111 bp () T-RF X F= XK T 10%, A HFEE,
X RIL(ER 2), AHULHED 0 5 J& K X R E £ 4k 1 J& (Capnocytophaga) . 2 . /iid B J& (Halomonas) .
4 B & (Alcanivorax). T-RF AHXS EEES MR B, HEAREHILT 125 bp 1) T-RF, H 121 bp 1 T-
RF R53800, 114 bp () T-RF 7£ T48 IR B FH I, Hik T-RFs L LU0 JE AL,  AH DTS ) 8 4K X
21 J& (Rhodobium). ¥ T B4 J& (Lysobacter) LA & 61 3% B J& (Methylocystis) . B 169 bp 1) T-RF AHX}
FEEKRT 10%, FOLHEFHEE, AHUCHE MR E N ERHE S 8 (Glomus). T-RFs #XTF ST HrRH, H
RIGHILT 377bp M T-RF, AHULHEC K & Nl REJE (Derxomyces); fEAY/E 94. 149, 248 bp I T-RFs
O BEAR, AHULAC B B JE MK I N Fragum unedo. % &} (Saccharomycetales) 1 I Bk i # &
(Phaeosphaeria); T38 #EFRr 236 bp 1) T-RF B & THEER, MUITE M HEE NEFEHB
(Sebacina).
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Table 2 Phylogenetic affiliations of soil bacteria and fungi T-RFs in tea plantation with different ages
2N Bacteria K Fungi
T-RF K& AL T Fi FarY T-RF K& ARALLEE Bx5
2;;;1: length Most possible species Accession number ;Z;F length Most possible species Accession number
51 ZERAERIE LT UL Capnocytophaga U41351.1.1454 94 Fragum unedo U41351.1.1454
90 TR M Halomonas alimentaria ~ AY553076.1.1506 149 [ BET R Saccharomycetales AY553076.1.1506
11 HER KL Alcanivorax venustensis EU440953.1.1509 169 FREEFE)E Glomus irregulare EU440953.1.1509
114 FIEFL 38 BB Methylocystis AJ458498.1.1407 236 SR Sebacina vermifera AJ458498.1.1407
121 W& Lysobacter GU931381.1.1510 248 GERI B Phaeosphaeria rousseliana ~ GU931381.1.1510
125 D30792.1.1408 377 D30792.1.1408

2114 J@ 405 415 Rhodobium orientis

[#EEE Derxomyces

GenBank F1 A4 H 16 /7511 Accession 5 The accession number of the known bacteria and fungi sequence deposited in GenBank.

o

B 2 AR BB . O T-RFs AR F2 1

Fig.2 Relative abundance of T-RFs of soil bacterial and fungal communities in tea plantation with different ages.

B: 4l Bacteria; F: E B Fungi. FI[A The same below.

o HE— 25 SRR AR R AR B e T . B BEVE I 22 5, AT NMDS AhHT, BE 4 AR
B IR IR BV S5 2 I A URR S . 4 SRR (8] 3), BR T20 I T25 32 340 B BE V& 4 A M
SN, AR SR IR R A R — R LA, RESUREZ R T48 SMYREYI &4
I, RPRFEEREERTRE LIRS 2R . BRI RE ToO REMT
FEARRT AT, FWIR A G L B RV SR BT R R S AR PR AR [ 2 2 8 2 6 R
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Fig.3 Non-metric multidimensional scaling (NMDS) analysis of the community composition of soil bacteria and fungi.

2.3 AFMEZAFRLRME . K2R

MR 3 ATLAE H, T20. T38 RIZ M E £ w e, A EERBU I SR B & m T H
AR, TR R IR L T20 fem. AFREZRERRE HRE R P EEL IR
REH LR ZFER, WRETRFERBEICRFEZER . MR NrRY, 90 50 B 18 505 Tl i
B AR IOERPA S BERF DMK, REHSEHRES pH 2835 EMX.
%3 A ER LIRS R R

Table 3 Diversity indices of soil bacteria and fungi communities in tea plantation with different ages

T2 IR M AEVE Bacterial community HEAYE Fungal community

Layer ~ Ag° Shannon % PRI T W) e te s Shannon f& % PRI FEEL Yo te s

(cm) Shannon index Simpson index Evenness index Shannon index Simpson index Evenness index

0~20 To 2.39+0.33b 0.69:+0.05b 0.66+0.03b 3.34+0.17a 0.86+0.02a 0.85+0.02a
20 3.41+0.18a 0.84+0.02a 0.82+0.02a 3.40+0.20a 0.87+0.02a 0.86+0.03a
T25 2.30+£0.22b 0.65+0.03b 0.64+0.04b 3.26+0.17a 0.86+0.03a 0.85+0.04a
T38 3.34+0.12a 0.84+0.02a 0.82+0.02a 3.52+0.31a 0.89+0.02a 0.89+0.00a
T48 2.534+0.37b 0.71£0.06b 0.69+0.04b 3.64+0.08a 0.89+0.02a 0.86+0.03a

20~40 O 2.70+0.11b 0.74+0.02b 0.7240.01b 3.24+0.22a 0.85+0.04ab 0.86+0.06a
20 3.36+0.23a 0.83+0.03a 0.80+0.02a 3.28+0.31a 0.84+0.04ab 0.82+0.04ab
25 2.554+0.22b 0.72+0.04b 0.69+0.04b 3.32+0.15a 0.86+0.02ab 0.86+0.03a
T38 2.69+0.13b 0.73+0.02b 0.69+0.03b 3.21+0.25a 0.87+0.03a 0.87+0.04a
T48 2.424+0.22b 0.68+0.02b 0.64+0.02¢ 2.89+0.17a 0.79+0.05b 0.76+0.03b

F

20.00"" 21.09" 30.79™ 0.23 1.39 3.34"
EIR Age (A) 033 0.13 1.85 9.65™ 8.13" 53"
i’% bayer (@) o 590" 10.83" 3.19° 236 2,07

R FIA R NG 7B R IR Rl — £+ E A [F R BR 22 7 5. 3 (P<<0.05) Different letters in the same column meant significant difference at 0.05 level
between the different ages in the same soil layers.

2.4 AN TRIAE 2 5 R 39 P Jo X i 2B D 1) 52

Mantel f3 45 REM (R 4), RZETLIBMBERRSME 2R WP AABAERN S ER
FIEMR: WRZ DA FRE NS 2HAEHR. 2%, AL, AR, ARBEAEAH SR

o
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BEEMKX. RETIEEEHESHS TEAK. BFE. FREBAEMHSELREEMAL T
KRZTIEEEBEESMS TEAEV. 2% ER. AR & E R R E IEHK.
a4 FFMantel K36 6 M B . LA BEVE 4514 5 P50 5 2 [H] () Spearman AH D¢ 1 & 5

Table 4 Spearman’s correlation coefficients between soil bacteria, fungi community structure and environmental variables by Mantel test

T )

AN #EYE Bacterial community B E A% Fungal community

i H Item 0~20 cm 20~40 cm 0~20 cm 20~40 cm
pH 0.104 0.000 0.059 0.231
HHLEK Organic C 0.154 0.386" 0.366™ 0.428"
A% Total N 0.572" 0.345" 0.184 0.660""
R CN 0.043 0378 0.137 0.164
TR Available N 0.246" 0.555" 0.326™ 0.588"
i Available P 0.236" 0.470° 0.436" 0.642"
AL Available K 0.293" 0.374" 0.449" 0.586™
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Fig.4 Multivariate regression tree of soil bacteria and fungi communities in tea plantation with different ages.

T: 0~20 cm; S: 20~40 cm. Error: i%%; CV Error: 2¢ X I iF % 2 Cross-validation error; SE: 45 % Standard error.
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f£ 5.0%10°~2.90x10% copies gt T+, W% Z(20~40 cm)+ 340 H & AF 2.3x10°~1.51x10° copies g T
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copiesg* T+, LWXRELLLRKZMT, Mih 3 (TO) 40 HEE 2 5 FMK T 2% E HE 720,
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RIERZ IR E/ME L (FB) B E G, MWRE L F/B {HEr T38 sMyREM . thst, FHEL
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M. FHEAHNES SR BME. AUBAE NS £ 25 H EHE, SHALLEERE M
K. RETIE FB H5ELERZE LMK, WHRETEZITRA, ARFER. ARELERZHERNZH
TERIXT A . R AEN A RER.

P 5 A FRE A IR R AN . AR

Fig.5 Gene copies of soil bacteria and fungi in surface and subsurface soils in tea plantation with different ages.

ANEK NEFRE PR RA B ER LIRMAE . BHEREZREE (P<0.05) Different uppercase and lowercase letters meant
significant difference between the soil bacteria or fungi abundance in tea plantation with different ages at 0.05 level.F/B: 0~20 cm: T0=0.34;
T20=0.65; T25=1.03; T38=0.62; T48=1.81. 20~40 cm: T0=0.31; T20=0.67; T25=0.92; T38=0.49; T48=1.54.
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