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Effects of Spanish River Carbonatite on Soil and Bacterial Community at Tea Plantations
ZHAO Qian1’2’3’4, SHI Longqingl's, HUANG Shiyongb, DING Luping7, Liette Vasseurx, YANG Guangl'z'”*
(1. State Key Laboratory of Ecological Pest Control for Fujian and Taiwan Crops/Institute of Applied Ecology, Fujian Agriculture
and Forestry University, Fuzhou, Fujian 350002, China; 2. Joint International Research Laboratory of Ecological Pest
Control, Ministry of Education, Fuzhou, Fujian 350002, China; 3. Key Laboratory of Integrated Pest Management for
Fujian-Taiwan Crops, Ministry of Agriculture and Rural Affairs, Fuzhou, Fujian 350002, China; 4. Key Laboratory of
Green Pest Control for Universities in Fujian Province, Fuzhou, Fujian 350002, China; 5. Rice Research Institute,
Fujian Academy of Agricultural Sciences, Fuzhou, Fujian 350019, China; 6. Wuyishan Seed Station, Wuyishan,
Fujian 354300, China; 7. The Bolai Eco-Agriculture Technology Co., Ltd., Beijing 10000, China;
8. Department of Biological Sciences, Brock University, St. Catharines, ON L2S3A1, Canada)
Abstract: [Objective]l Effects of Spanish river carbonatite (SRC) on acidification and metal elements in soil and structure
and diversity of microbial community at tea plantations were investigated. [ Method] Changes on pH, heavy metals, and
microbial community in the soil under SRC application were monitored for evaluation. [Result] The field and pot culture
experiments showed that SRC addition alleviated acidification and heavy mental pollution in the soil. In the pot culture, low

concentration of SRC significantly reduced the contents of Cd and Cu in soil. Whereas, the field experiment showed significant
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reductions on all tested heavy metals. In comparison to control, SRC addition exerted a significant impact on the microbial

community structure in the pot culture, and increased the nutrient contents facilitating the microbial growth in the field test.

[ Conclusion] Both field and pot experiments demonstrated the desirable rise on pH, decline on heavy metals content, and

improvements on microbial diversity and community structure in the soil by the incorporation of SRC.

Key words: Spanish river carbonatite; tea plantation; soil acidification; soil heavy mental; bacterial diversity; bacterial

community structure
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PE. TIEHESE L HIEMCEY R, e %
pHAH . EAJE . JFAH w5 0P B A
W SR, PEAS SRC W5 bE AL R B
FUEERIENL, DA RO 22 25 el - IR fb b /2, IR
RS el ] R K
1 #HHS57%
1.1 ERRIEEIT

PRI T O 2D, A R AR AROR 2
X A5 b iR %+, pH 613, AWFIEAEAMEALIE &
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FH AR T8 6 A P 193 AR S AR B A BR S AR L
B4 Si0, 24.6%. CaO 28.3%. N 0.30%. P,0s
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SRC=80:20, 90 : 10, 95: 5199 : 1 YE4TIR4E (H}
O3 5 %6 B A Ak B4 20%SRC. 10%SRC. 5%SRC Fil
1%SRC), [AlEF# —2 3R A SRC, 1E N XTI
B Ak B 2H SO0 B I A3 e A 3 M IEAL (45 emX
20 emX 15 em, K X5 X5 ), BN 2 44
EEEMFARNE 10 B BREEEIMRKE LA EH 2
FEWNFAM, LEDATJGCHR, SGR 12h 120, RE
(28+1) ¢, XA (70+£5) %, 4K = 2018 4F
6 H 12 H [CK (2018) ], B/ NECE 2y 50 g i
71804 Wy 22 W P A T 43 B A S pHL(ELI 52, I A i
Cd. Pb, Cr, CuflZn, Ni, Hg, As%: 8 Fh & )R
s i
1.2 KHEREIET

TR AR RN TR BV PP B AN
25 (fRIFRLCEASFE, 25°0'15.76"N, 117°52'0.04"E;
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R A A PRI A b, Al AR . 25
Hby X J& T B i 2 KU, SURTE 16~19 C,
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e A2 300 m*. 7 6 Beifm Hu A T 5 5 IRORE v R
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FH 3% 58 4 R 2048 2 2 min, #E 30 min, A& pH
IT [ A% . FF28, MFE#-FER 24088 ( L) AR
/A, METTLER TOLEDO] #EA746
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CHIERTEEE . SIE O I IR W53 6 e vk
GB/T 17138—1997) . { L3EFTHER A E K I
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Netherlands ) {0 Q#1702 ¥) 5L DNA B3, JHH%
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GCCGCGGTAA-3") FM907R (5-CCGTCAATTCMT
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KM 25 uL L WK & . 2 X Phanta Max Buffer 12.5 pL,
L TFHEsI ¥4 1 uL, DNABIH 1 uL, Phanta Max
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R (98 °C ZBME 1555 55°C 1Bk 30s;5 72 °C 4EfH1305 ) 5
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I LUK AT o K PCR 38 7 W 2k 4 Ak 1mT i
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& B8 Tllumina /A ] AY TruSeq Nano DNA LT Library

Prep Kit il £ I 3¢ SC i A2 347 SCE i £ ; 1@
2% B BEBERR LK, 0 SOOI 2 1Y J BE R 5 20
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ARHFFE FEZFH QIIME AR (v3.2.0) % £ 4 117
orHr . AT QUIME X4 B #E4T OUT 2, It 4h
W Z R R, 5 E % (CHAOL, ACE).
AR ZREMEFE BT (Simpson index ) . FA ZREMETS
% ( Shannon diversity index ), F H R 4117 40 i 7
Y% 8] 22 43 B (¢ test LA & Monte Carlo permutation
test)o A A, S T REARMEY , R RA (v32.0),
TR T F BE T 5% 09 T 7% 2R 47 8 /K- 19 32 18003 o3 B

(PCA ). JFFXJ i By = BE BT 5% M wids . R
2081 (Hierarchical clustering ) FJ777%, FEFAEMIAL
ZH 47 (Unweighted pair-group method with arithmetic
means, UPGMA ) WA AN [A] - SJEAE A 22 [i] (AR LB

2 ZRGH

21 SRCHEHNAHFZMIEpH REEEHNUR
52017 4F A3 HT EAEAR L, 2018 X HEZH 4
pH HA B, (FZBEMAIFARE (£ 1), UL
BOm W] Can—4F P9 ) B2 RO B 2 AR + g
pHo SR, FiAE 25 W AT & 3 5% o + 3 4 R 1 %
o MENERMERE -FF, HEPHESR

Cr. Pb. Ni, As, ZnW & EAERESE (K1),
J T % SRC X HIEMR AR . F 4RI AEH,
SYHET 4B SRC ¥ FE X+ EAY B R AR, S5
N 52018 4EXT RRAHAH L (5.93 £ 0.09), 44 SRC
b FEXT + AR AL Y A AT E AT, H A 10%
SRC Xf TR b e RACR b 2 (6.60 £ 0.54),
ME4EE LFH, SRCHMREE, 1% SRC At A =5
AT G SRR - e Cd & i, IRHRBERY SRC (1%~
5% ) it A F— 26 H 4x J 5 B A AR RCR O A HA
SR E SRS E T UL AR R
) SRC i A A T B HHER E &8 & &, SR,
Fe M B Y SRC Jiti A (20%SRC ) AN BE A &% A% He
frar, B, KBLHER pH EIF A AERE#E SRC ¥k
BRI, flhn, 20% SRC i A& i + 33 pH
EAKT 10% SRC jifi A )+ 3 pH ., X —45HR 5
AR SE ML, ez e 45 ZEBR S8 SRC X Sl
F A IERR R R, R 48 pH (R RO St
EIFAFIEEA KRR, WL, AR E R SRC
FEA (>10% ) 2% bl 3G — 5 ek RAEH

#1 EASRCLEMIEpHEREERESENTM
Table 1 Effects of SRC on pH and heavy metals in pot soil

47 Index CK (2017 CK (2018 1%SRC 5%SRC 10%SRC 20%SRC
pH 6.13+0.09b 5.93+0.09b 6.231+0.19 ab 6.100.06 b 6.60+0.54 a 6.10£0.15b
Cd/ (mg'kgfl) 0.294+0.02b 0.35+0.034 ab 0.21£0.01¢ 0.21£0.02¢ 0.38+0.02a 0.11£0.001 ¢
Cr/ (mg'kgfl) 40.30£1.55b 54.20+4.84a 51.70t1.24a 55.40+2.66 a 50.70£0.29 a 39.90+3.89b
Pb/ (mg'kgfl) 29.10£2.02 ¢ 39.10£4.05 ab 33.00£0.75 b 45.60*+1.12a 34.70+3.07 b 25.50£1.70 ¢
Cu/ (mg'kgfl) 116.70£2.90 b 104.70£9.60 b 220.80+13.50 a 221.50+12.20 a 65.501+4.80 ¢ 30.60+£2.20d
Ni/ (mg'kgfl) 18.70+0.88 b 36.80£3.77a 3220%£1.09a 34.40+2.03 a 32.80t3.13a 17.60£2.50 b
Zn/ (mg'kgfl) 149.00£7.05 b 263.30+31.80a 227.70+8.37a 237.20+11.00 a 232.00+27.20 a 80.90+4.09 ¢
Hg/ (mg~kgfl) 0.05+0.01 ¢ 0.0420.001 ¢ 0.09+0.01 b 0.09%+0.01 b 0.0420.00 ¢ 0.13+0.00 a
As/ (mg-kgfl) 485+0.23b 3.824+0.37¢ 6.17+0.04 a 6.60+024a 3.824+037¢ 2.58+0.24d

I TR R AR NS F R B IR E R R (P<0.05) . K3[A.

Note: Data with different lowercase letters indicate significant difference among treatments at P<<0.05. The same as Table 3.

22 SRCHEARRBFMTIEMESHMENFN

3 3 v I A s, 3RS 3] 802 020 A RUT
G, o 2017 452 Y RIS 4 398 1 S 3 RO8
i 42 289, 2018 4F 5 N AR 25 4 1+ BE 0y F- I A
OBCIE N 44 959, 44~ 4 P4 20%SRC. 10%SRC .,
5%SRC Fl 1%SRC 1 + e+ A S5 U8 s 43 )
41032, 46179, 49 355 LA Jz 43 525, Zeid Bt
ST LR, T QUME ¥, Xt ikfr 1
OUT 2, 45 WK, 20%SRC 4bHZH OTU % K

(1033.7), CK2017 %z (911.7), HMZH OTU
BH2ZS B, RUSRC X T L4 AP R H H
B RE . Pt AN RS RS (Chaol |
ACE) VUK Z#PE#8%0 (Shannon, Simpson ) #E47 1
A, ZEWEOR, T SRC A — s FREE 30 44
FIREEERE, HERARE (F2),

2.3 SRCHERFHMELIRARIEEHRSEN
SREAL
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Table 2 Effects of SRC on microbial diversity in pot soil

FEZA Samples Simpson Chaol ACE Shannon
CK (2017) 0.994 b 1072.0b 114740 891b
CK (2018) 0.997 a 1223.8 ab 1339.8 ab 932a
1%SRC 0.997 a 1323.0a 1451.7a 936a

5%SRC 0.996 a 1208.7 ab 1333.1ab 9.17 ab
10%SRC 0.997 a 1264.1a 1404.5a 9.28a
20%SRC 0.997 a 13343 a 1464.7 a 9.38 a

VE: SRS R NS SRR ERBE (P < 005) . 46,

Note: Data with different lowercase letters indicate significant difference among treatments at P<<0.05. The same as Table 4.
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il L pHE W E LF (R3); WELBMWR R
ERI &, 45 R 7R, il SRCJ5, 8 Fh +iEd 4
JEEEEE TR (£3), B/RT SRC XA + 1
R Y T
2.5 SRC XM FRETIEMREFHERSEMHZMN
SRC A B 5 M 25 el - A ol £ % . L7 B 3%
(F4). MTIEMEFEAE KPR EF (E13),
- 38 40 T 53 A Lo 9 B s 28 JE T ( Proteobacteria )
P HE (2018 12019 ) 4 3 vh A8 1 HL 1 24 1 T
55%, 439k 57.8% F 55.5%, {HAE SRC kb L
X— IR 45.1% (& 3-A) o AH EE A4S AS [ Bif i)
BEXT B8 4 AE CK2018 Fil CK2019, SRC 4k B 41 ik
FFE ( Acidobacteria ) F1JEBE# ( Firmicutes ) L il 5]
FETN MU . #H, $UFFEE (Bacteroidetes ) FlZgZs
P (Chloroflexi ) i I b 3, 435135 5] 9.6% Fil
11.3%. J& K- PCA £ s Hr & R % H, SRC
AR FRL AN LS R SR R 2 R B (B 3-B).

§ CK(2017)
@ CK (2018)
1% SRC
B 5% SRC
= 10% SRC
[ 20% SRC

#*3 SRCAEMFETIEpHEMESCEAIEHFN
Table 3 Effects of SRC on pH and heavy metals in soils at tea

plantations
a#% Index CK 2018 CK 2019 SRC

pH 540%£0.12b  549+025b 6.23+0.14a
Cd/ (mgkgH 0.16+001a  0.17+0.01a 0.10+0.01 b
Cr/ (mgkg D) 74.60+4.73ab  78.30%£531a  63.30£2.65b
Pb/ (mg'kg ) 88.004.57ab 102.101041a  82.20%£2.90 b
Cu (mgkg')  12640+430a 149.40+1126a  97.30+5.19b
Ni/ (mgkg™) 83.204.16a  84.90+£1045a  68.18+6.13 b
Zn/ (mg'kg')  320.80+8.64a 307.30£2491a 159.60+£14.20b
Hg/ (mgkg ) 0.06+001a  0.06+0.01a 0.044+0.01b
As/ (mgkg ) 8.15+030a  9.46+048a 5.8940.95b

4 SRC ALIEXSFEE 3% 40 % A MRV 200
Table 4 Effects of SRC on microbial diversity in soils at tea

plantations
FEA Sample Simpson Chaol Shannon
CK 2018 0.954 a 482.5¢ 633 ¢
CK 2019 0.972 a 1699.7 b 7.64b
SRC 0.997 a 3077.0 a 9.89a
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