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FEE PR A RN [RITR A AR 38 A0 T 1 22 R S L 5 SV B A DG 3%, IO Rl a0 e B AR L Bk 7 B4 ( Dalbergia
odorifera T. Chen) 435I 5 ¥ & 35 8 ( Dalbergia oliveri) , K H: % iz} ( Pterocarpus macarocarpus) ¥ A ( Santalum album L.) FlHE4
(Homalium hainanense Gagnep. ) 31 4 Ffsis - MEgn i 240 J1 45 & LR BRAb B r6 HEFT T AH G Mo BT, 25588, Ol
PR A AR AL IR S E 22 5 . P B B SR TR AP I Sk i LT A A U RIR I £ R, 4
R :5.24% 27.5 ¢/kg 0.85 mg/g,37.46 mg/kg Fl 0.32 mg/kg, B BT 5 R MR AC AR+ 401G pH A 85005 F1 2 1 S0 I 7
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Differential analysis of soil bacteria diversity in different mixed forests of

Dalbergia odorifera

YANG Jing, ZHOU Guoying* , TIAN Yuanyuan, LIU Qianli, LIU Chengfeng, YANG Quan, ZHOU Jiechen
Ministry of Education Key Laboratory of Cultivationand Protection for Non-Wood Forest Trees, Central South University of Forestry and Technology, Changsha
410004, China

Abstract: Dalbergia odorifera T. Chen is one of China’s endangered species. It is also an endemic species that mainly
distributes in Hainan, Guangdong, Fujian, etc. Dalbergia odorifera has great values in medicine, economics and ecology,
and its medicinal properties are specified in the Chinese Pharmacopoeia. But the resource was reduced and the productivity
was declined due to years of deforestation. Developing mixed forests of Dalbergia odorifera has been becoming a major trend
of Chengmai farm in Hainan Province, because mixed forests can not only adjust the temperature and relative humidity of
woodland, but also improve soil fertility. Soil can provide nutrition for aboveground vegetations, as well as soil
microorganisms. Soil bacteria, as one of the key members of soil microorganisms, plays an important role in promoting
organic matter decomposition, accelerating mineral nutrition cycle, maintaining and improving soil fertility. People can
understand the soil status better by analyzing the relationship between soil bacterial community and soil characteristics, and
finally develop a method to improve the Dalbergia odorifera plantation. However, only about 1% bacteria could be assayed
by traditional methods. High-throughput sequencing is a new method that can get the classification information of soil

bacteria more conveniently and accurately, and avoid the limitations of traditional methods. This method has been widely
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used in studying soil microorganisms. We investigated soil bacteria diversity in four different mixed forests of Dalbergia
odorifera plantation , i.e. Dalbergia odorifera mixed with Dalbergia oliveri, Pterocarpus macarocarpus, Santalum album L.
and Homalium hainanense Gagnep., respectively., in Chengmai County, Hainan Province in China. A high-throughput
sequencing technique was used to analyze the relationship and differences among these four plots to find a way that could
improve soil fertility of Dalbergia odorifera plantation. After analyses, the results showed that soil physical-chemical
characteristics and soil enzyme activities were different in the four mixed forest, i.e. the Dalbergia odorifera and Santalum
album 1. mixed forests with higher moisture content, organic matter, total N, available K and Ureas; Dalbergia odorifera
and Pterocarpus macarocarpus mixed forests with higher pH, available P and polyphenol oxidase. The results of high-
throughput sequencing showed that soil bacterial abundances of these four plantations were ; Dalbergia odorifera X Santalum
album L. > Dalbergia odorifera X Pterocarpus macarocarpus > Dalbergia odorifera X Dalbergia oliveri > Dalbergia odorifera X
Homalium hainanense Gagnep., and the soil bacteria diversity of these four mixed models were; Dalbergia odorifera x
Pterocarpus macarocarpus > Dalbergia odorifera X Dalbergia oliveri > Dalbergia odorifera x Santalum album L. > Dalbergia
odorifera X Homalium hainanense Gagnep.. The dominant bacteria taxa in the four mixed forests were Proteobacteria,
Acidobacteria, Actinobacteria, Chloroflexi and Firmicutes. The results of redundancy analysis and correlation analysis
showed that pH, Ureas, polyphenol oxidase and organic matter were the main factors that had significant effect on the
structure and diversity of soil bacterial community in this four mixed forests. Our analysis of bacteria 16S rRNA-based
dataset showed differences in soil bacterial community structure among four mixed forests of Dalbergia odorifera. But further

research is also needed to get more information in soil microorganisms.

Key Words: Dalbergia odorifera; Mixed forests; Soil bacteria community ; High-throughput sequencing; diversity
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S KA I 2R TR AR R

e 38 FE I PR (High-throughput sequencing ) XK A8 — A F £ AR 505 —ARIF | 2 005 5o AR AHXT T
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Yy ; Q2553 R Ak ; DI PR ; MR A5 | S50 45 R B RE 43T 1 S 0 PREE ey (e a5 . EVRI, vt B D0
CZ RN T LR RUE RIS .
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24 14 Vs A R BN [RIR SR 1 AR T ek A0 22 5 0 M 3

118 m, JB I ZE KSR 4R34 H BRI % 2059 h, AR50 23.8 °C, MG BE 84 % | AR I [ 1R 2 1786.1
mm, BAEIEATCRE . BT XL 40 /DR M a8 ¥ i HfE T 8EA LR A b vE ) il
B AT vh R % B T R A D R BRI g b

2 MEEFE

2.1 MEHIRE KO RAE

ZIE X T 2012 4R A RE AR, BRI, 35 FH ) B A B R PR R (50+10) em, B R B (40+10)
em, KARERH (45£10) em  fEHA A (40£10) em, B4 4 (30£10) em, POASFEHI )8 AREE BE 34 R 667 PR/ B, AT
FREEA 1 mx1 m,

T 2014 4 3 HORFE, FORFERT—AH NRETN AR D, FEALL T 5RAE  AEH S B EAE R N BE 65T
i S5 AR DL A B A AR AN (AR AC A U L (3R 1) o 7ER D HEHB N 5 s, K/ R 10 mx10 m, &4
PRUEH P 53 S 3 ANFE R, B SR SR R B 2 M SR AE A FIA AV 5 SR 2 0—20 em 219 13,
FH 00 2 40 P8 22 R ) 38T -80 CARAE A T, FH T AL PR I 2 1) A VR IRUT 3t i A 24

R EHEXRFR

Table 1 Basic information of samples plots

R T2 L TR AR B
Plot Mixed proportion Canopy density Undergrowth main species

BH 15 Richardia brasiliensis Gomez, & # K Eupatorium odoratum L. | 3 % Erechitites

valerianaefolia 757 8] Ageratum conyzoides . JE3% Solanum nigrum L.

Dal 0 3:1 0.4

EL P2 25 8L Mimosa invisa Mart. ex Colla, 58 B 8 Richardia brasiliensis Gomez {4 il 5%
Dal 1 3:1 0.6 Rottboellia exaltata .36 % Erechitites valerianaefolia | 7w Ageratum conyzoides ., & LB
FEupatorium odoratum 1. JEJE Ottelia alismoides . JE2% Solanum nigrum L.

ML PS5 25 B Mimosa invisa Mart. ex Colla, 28 E 48 Richardia brasiliensis Gomez ., fa %l 5%

Dal 2 3:1] 0.5 e . . [ .
& Rottboellia exaltata 3% Erechitites valerianaefolia %5 &8 Ageratum conyzoides

Dal 3 21 03 [P 25 B Mimosa invisa Mart. ex Colla, 28 E 48 Richardia brasiliensis Gomez ., fa %l 5%
a : .

Rottboellia exaltata 3§75 Erechitites valerianaefolia GERR] Ageratum conyzoides

Dal 0. [ SR8 x B ICFEAE ( Dalbergia odorifera X Dalbergia oliveri) ; Dal 1 ;B T AR x K S 4 ( Dalbergia odorifera % Pterocarpus macarocarpus) ;
Dal 2. [ 7 A xHE 7 ( Dalbergia odorifera xSantalum album L.) ;Dal 3 [%F #5#8 x £ ( Dalbergia odorifera xHomalium hainanense Gagnep.).

22 W
221 SERA BT S RS B E

H I E K AR TZS-IW 5 - 487K 4318 B0 i A 700 5 5 35 pH {ER A 1 mol/L KC1 =2 pH 111t
P ; EHEAPUTCR AR A G S R —im iR — et B A0 & S0 e R A a0 Ak e
RO B 1R ] NaHCO, V242 , 42 1 sl (B T Ak 20 W (S0 A2 5 398 0080 2 S R B eI

48 5 S A U T ) 00 S SR P A R R A2 R (0L N R R mL ") 5 49 22 1 S AL i 1 0 5 SR R 408
TR A 5 - SRR ARV T 0 5 R R B - U SRR B EL e
222 +HER DNA (HEECS I

ffi /] E.Z. N. A soil DNA + 4 DNA 42 B il 7] & ( OMEGA ) #2 M + 4 & DNA, DL 338F (5'-
ACTCCTACGGGAGGCAGCA-3") 2} 1F [6] 51 4, 806R ( 5'-GGACTACHVGGGTWT CTAAT-3") Ky J [ 5] 91",
PCR W AR RN, 3L 20 pwL:5xFastPfu Buffe 4 pl.,2.5 mmol/L dNTPs,2 pL;Forward Primer(5 wmol/L), 0.4
ul; Reverse Primer(5 wmol/L) ,0.4 pL;FastPfu Polymerase,0.4 plL;Template DNA |10 ng; %58 ddH,0 £ 20
L, PCR S 254 :1%(95 °C,2 min) ;25%(95 °C,30 s;55 °C,30 s;72 °C,45 s;72 °C,10 min) ;4°C {17,
BAFEMI3 L, TR (1% 3N AR BERCHLUK ) , BEANFE S 3 AN E R R —FE 5 ) PCR IR A )5 H 2%
TN R I F TSI, 1 ] AxyPrepDNA HBE I £ (AXYGEN 23 #)) VIR, a1 PCR 74, Tris_HC1 %
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JiE 5 2% SRR ME L DR A . 2 )5 AT
223 Hdlnibse

Miseq M7 135 1) PE reads T Y64 overlap JCRMATHHE , [F] I 7 41 BT £ 0 47 B 42 ik i, D3 A i
JEHEFT OTU RS HT R R 2220007, BT OTU R HIILE R X OTU T ZFh SRS BT
2.2.4 BHEaHT

K H Mothur SE8EXS AT BRI HE1T 93 28 73 B AN 2 RE V03 sl ik R BRAE X ) B 48 SR A A ARG = J32
& FIH SPSS 19 #47 J7 22 3 #1 ( Duncan ) M AH &V 43 #1F ( Pearson ) , #] JH Canoco for windows 4.5 #£47 T04Y
30T

e & Miseq SCEFYEE K Miseq M5,

i

3 ZBRE55

3.1 IR A S

ANTRVREH ) - S B Ab S BT 245 S L3R 2, FE Y 325 R R B TR MRV (pH ¥/NT 4.5) , HANIA]
TRASHR A 351 pH EAFTEN 035 25 57 (P<0.001) , b Dal 2 1 Dal 3 9 pH ¥ EAK, A FITR A TR
AHLUR AR AR = A7 AR B 25 5 (P<0.001) , Horh Dal 2 & 4555, 43518 27.59 mg/g .0.85
mg/kg Fl1 37.46 mg/kg, VUM 130 AT R0 & i AE7EAR 0 35 1 25 55 (P {34/ T 0.001) , Hirb Dal 1 & i
e, N 6.04mg/Ke, BT 7T, o EUA0 SR AN 22 B ALl (P = 0.032) A 7E 3 E 22 5+ (P =0.017) , IR AFAE
et P25 7 (P<0.001)

x2 TRBEMHEBELEREBEHEAERRATEZSMN
Table 2 The ANOVA of physico-chemistry characteristics and enzymatic activity in different sample plots

oK D . N N R . e Z W

W o A L T L O it
Plot tent/ P - gtt Y Total N/ Available K/ Available P/ Catalase/ Ureas/ YI; /
O conten! p martte, oxidase,
' I B € B o R I

Dal 0 4.26+x1.92a  4.18+0.02b  16.40+0.81a 0.52+0.05ab  34.29+1.36a  5.73+0.07b  0.86+0.76b  0.20+0.12b 2.79+0.64ab
Dal I  2.96+2.18a  4.48+0.04c  7.09+0.81b  0.43+0.0la 29.41+0.41b  6.04+£0.0lc  0.75+0.07a  0.01x0.0la 4.19+1.23b
Dal 2 5.24+1.76a  4.03£0.02a 27.59+1.62¢  0.85+0.09¢ 37.46+0.46¢c 5.89+0.19bc  0.75+0.07a  0.32+0.52¢ 1.84+0.52a
Dal 3 2.52+1.48a  4.02+0.19a  19.75+0.23d  0.55+0.04b  32.15+1.52d 5.17+£0.03a  0.77+0.60a  0.28+0.18c 2.68+0.35ab

3.2 RAEH R %3 16 EREIINHBR S

321 ﬂj"“? ﬁ%ﬁ ﬁ*ﬁ Table 3 The number and distribution of valid sequences of 16s
It Miseq El sl P IFO0ALfS 4 SRR SRS K FrAK A

293,677 %r?ﬁu , ;E\W%ﬁﬂﬂ 127,504 ,401bp ’ Epjiﬂf}ﬁ% Length/ (bp) No. of sequences Percentage /%

i 434.17bp, Jorr 401—S00bp HOBRIE S im0 N .

E{J 99.98% ’ ﬁu% 3 ET‘ZRO 401—500 293630 99.98

SR PO P 3545 0 17 9 HEA T RE LA AR 19 D7k, DA
FNRFIECT EATTRERE OTU £ B A dE AR it 42, anil 1, ISR a] DU i DU RE b A Rk it 2 2t
TP RTINS B, T2 I S R A BB OTU BB
322 HHEANRREE A5 b

FERIKF R 97% 9 454 F 383 5 Sliva B et b, Xt e S0 sE AT I a4 202 2553 AE I 1)
( Proteobacteria) i #T 54 1] ( Acidobacteria) \ FUZE T ] ( Actinobacteria) |, 2% 25 1 | ] ( Chloroflexi ) 11 /& BE 5[]
(Firmicutes ) iIX FANEE 18 EZERHE (K 2) iR,

X AN [RI A A AR B e 19 RO RIREREA T BRI R T 2200 Wr (R 4) &5 SRR I IR R 1] RRATF A ) ek
W SRR T JERRERT ] PO 1] TR R P 2 T TR R RS [RITR SR 2 b 20 A1 Fe B 20 A AE
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24 1 W& R AN TR AR 3 4N P 2R 10 22 500 T 5
WERZER, MERERET(P=0.003) WFFEIT(P=
0.006) R I (P=0.019) fe 4 BEMLII (7 (it 20 Dull__Dalt 1
PEZESE, Dal 1 i =AM A 2 T HAL = e
TR, N
3
N T EAREAM T & AR+ 8
YRS A I A e 22 5, B DA AN AR 2 %”’00 B
I 1% RS, X R AR B BEE THI FEEAH (B B
Yo W E T E NG R K, KHEI] 300 =
( Armatimonadetes ) . %% & [] ( Chlorobi ) . ¥ &£ & ]
( Elusimicrobia) £F4E#T 5 ] ( Fibrobacteres ) | filf 14 12 i€ o, ! ! |
1] ( Nitrospirae ) F1#HI 78 '] ( Thermotogae ) 7F [ & 8 ’ e ?l‘ggfi)i(;gﬁ o
WARRIRACE R AE2E 5 (% 5) . b LF4EfT BT ) e gy

(P=0.002) FIFAEE 1T (P =0.002) 16 A [FIFE b 8] 777
W EEZES, K ETT(P=0.04) FIAE R (P=
0.05) 7EA[FRE M 18] 77 76 & 35 1k 22 5. M T DUk

1 AE#E T EAE OTU #RE ik

Fig. 1 OTU rarefaction curves of soil bacteria in different plots

Wb, EFAERFIRT TR Dal 2 P2 AAEAET Dal 3 W, $HETETHE Dal 0 iR 2 7E HA 3 MEHL 025 57
SEH T )RR ER B 1 T7E Dal 1 vhie/b e AR o 25 57

m BIE B ] Proteobacteria
= AT #i1] Acidobacteria
o BT Actinobacteria

= fATHT] B

o {#% ] Planctomycetes

o M7 Gemmatimonadetes

@ #HFEFE ] Thermotogae
m 433 Unclassified
o {&3%]] Candidate division

acteroidetes

B A H] Chloroflexi B FEALIZE R ] Nitrospirae O 3 H] Armatimonadetes
m JEEER ] Firmicutes B KJF ] Chlamydiae O %17 Chlorobi

= PR ] Verrucomicrobia = HAth Others m 4T E ] Fibrobacteres
= W#E ] Cyanobacteria m K17 Elusimicrobia
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FXTF

Relative abundnce/%
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FEHb Plots

T E Mt A R R B R 5

Fig. 2 Soil bacterial community of different sample plots

3.2.3  HHEANR AR AT ZRENE AT
X AR AT 2RI O

SPSS it

TTHREEF2Z0M (£ 6), MUNFHLE, ace (P =

0.013) fil chao( P=0.02) #8424 B & 2 5 | 1] shannon ( P =0.133) Fl simpson (P =0.41) $8 5000 i & 1 2

=1
5o H

1 Dal 3 % ace il chao F8EIMR T HoAb A HY
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x4 FREEMBARTERHESFENERREFESH
Table 4 The ANOVA of relative abundance of dominate bacteria in different sample plots

X} FE Relative abundances /%

432& Taxon
Dal 0 Dal 1 Dal 2 Dal 3
AL ] Proteobacteria 30.0+2.7a 30.8+4.7a 33.7+7.6a 35.2+1.7a
BRFTHE ] Acidobacteria 25.0+1.5a 20.8+3.4a 20.2+0.6a 24.3+1.2a
JULTH ] Actinobacteria 13.5+0.4a 12.5+3.0a 12.8+3.0a 13.7£0.7a
JEBER ] Firmicutes 5.0+£0.4a 10.4+1.2b 3.7+1.1bc 2.4+0.3¢c
IF2F 1] Planctomycetes 1.1x0.4a 1.0£1.0a 2.8+1.8a 1.9+0.6a
L5 Chloroflexi 16.3+3.7a 8.3£1.3a 14.0+5.6a 8.920.3a
YA T] Verrucomicrobia 2.2+0.8a 2.5+2.2a 4.7+£3.2a 4.3+1.3a
W] Cyanobacteria 2.0+0.2a 2.3+1.1a 2.6+£1.3a 2.9+1.1a
AT ] Bacteroidetes 1.2+£0.2b 2.4+0.7a 1.2+0.4b 1.7+£0.3b
FHME ] Gemmatimonadetes 1.1£0.5b 2.6+0.5a 1.3+0.2b 1.2+0.2b
= AHALIBER ] Nitrospirae m #FAFE ] Thermotogae B %] Chlorobi
m KJF4AIT Chlamydiae B R4 Unclassitied o Z4EFFET] Fibrobacteres
= HAth Others B {#%%[] Candidate division
B K517 Elusimicrobia O 3 H 1] Armatimonadetes
100 ™ p— I I
—
80
X
ms 60 |-
# 2
s
E:
g 40 |
[}
o~
20
0 L
Dal0 Dall Dal2 Dal3
FE3 Plots
B3 FIKEHNEESEN
Fig. 3 Bacterial community of rejecting relative abundance of more than 1%
x5 FABHEELAMENEENTESN
Table 5 The ANOVA of rejecting relative abundance of more than 1%
FHXF £ Relative abundances /%
432 Taxon =
Dal 0 Dal 1 Dal 2 Dal 3
AL ] Armatimonadetes 3.6+0.1ab 1.2+0.7a 5.7+0.6b 5.7+1.9b
AKJFEAATT] Chlamydiae 8.1x4.1a 13.0£6.7a 9.6+2.7a 18.7+2.0a
SEB 1] Chlorobi 2.2+0.6ab 1.7+0.0a 2.5+0.7ab 4.4x1.6b
KEEH ] Elusimicrobia 9.3+0.4b 3.0£0.5a 6.6+3.0ab 7.9£0.2h
LF4EFTIA L] Fibrobacteres 0.2+0.0b 2.2+0.5a 0.1+0.1b 0b
HALIRTERE ] Nitrospirae 14.3+£2.1ab 23.8+5.6b 14.6+£6.8ab 8.3x1.7a
ML ] Thermotogae 13.2+1.2a 3.2+0.5b 5.8+1.4b 3.9+0.8b
i%17] Candidate_division 35.1£2.5a 35.7+2.0a 34.4x13.7a 35.9+2.7a
H432% Unclassified 6.9+0.1a 4.3+0.2a 7.4+3.2a 4.2+0.9a
HAth Others 7.1+3.3a 12.2+3.1a 13.3+4.6a 11.6x1.4a
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R 6 BRMBAEBTENSHEESTAALIEN 97%)

Table 6 Diversity index of bacterial community of different sample plots ( Similarity is 97 %)

FEHL Plot JT 541 Reads 0TU FHAEIE Diversity Index
ace chao shannon simpson
Dal 0 31322+11047a 1702.5+92.6a 1928.5+51.6b 1959.5+30.4b 6.12+0.05ab 0.0058+0.0001a
Dal 1 24502+5888a 1740.0+1.4a 1939.0+11.3b 1974.5+12.0b 6.38+0.06b 0.0043+0.0003a
Dal 2 34933+7028a 1720.0+28.3a 1967.5+7.8b 1975.0+14.1b 6.08+0.21ab 0.0061+0.0002a
Dal 3 32363+10641a 1690.4%80.1a 1797.0+17.0a 1803.0+7.1a 6.05+0.06ab 0.006+0.0003a

324 THIEANEEEELA S IR C R

TUAYT (Redundancy Analysis, RDA) 225 FH g mi g™ fiwk ™ Sl > i SCst R bs 4
o RDA Z3Hr e A LA Z D FREE AR AR S T e T2 A 3, Z80d — RO I e O 1k | BEAS A A% 0 ] 4k 78
ANE, Rtk — 5T oA B s A 1

ARG S A 1 AN T AR AR A S TR RDA HEF L S BT DU R T A (S R
1) 52.0% , 55 — X ] LUS#RE 34.1% (&1 4) . 2% Canoco [1) forward 43 #72H , pH {H IR | 2 By A A0 G FI A HLT
XF L AR RIS S A R R B Ol B SRR D pH (H> IR > Wy L > AHLTE, MEFFRT LU
32 PURP D TS M 2 R TR A RER T T ) VR ) W) RG] A AR ) LT AT )
FZFERAMATR T, 5307 DU A b ] A BRJL PR IR B AT LUE ) Dal 1 0% 4H T8 FF 7% 25 14 5 oAt =4 1 22 S 4
K,Dal 0.Dal 1 5 Dal 3 WHAHKRZESR  AHEZ T, Dal 2 5 Dal 3 BREELHE 22750

1.0 DaéO Thermoto
Chlorofl Catalase
AP
M pH,,, Firmicut
Acidobac
PPO Fibrobac
Dal 1 Nitrospi
;Z) AK Gemmatim
% - .
< Actinoba Candidat
N 5
oM /
Bacteroi
EluSimic
reas
Planctom .
Armatimg Chlanydi
®@/Dal 3
-1.0 Verrucom Chlorobi
Cyanobac pyoteoba
-1.0 1.5
Axis 1

B4 TEEBESTHEMERN RDA 517
Fig. 4 The results from RDA to explore the relationship between bacteria and soil properties
Proteoba="FIE ] , Acidobac= FRAT ] , Actinoba= T , Firmicut= JERER ] ,Planctom= FERI] , Chlorofl = ] , Verrucom = JJ& 1
17, Cyanobac = Wi ¥ 4 [ ], Bacteroi={UATH ], Gemmatim= 2B JEET ], Armatimo=%¢H 1F[], Chlamydi=4&JE/K], Elusimic = KEEH ],
Fibrobac = F4EFF 517, Nitrospi = LI HER T, Thermoto=#HIH T, Chlorobi =4%H# 17, Candidat= &[T, OM =4 LB, MC =57k &, TN
=25, AP=1RHE, AK=A%H, PPO =2 B A L

3.2.5  HHEBEE AT I AR AT SO S AL AR G

2838 SPSS I3 AR SV TS Al R 2 REPERR RO AR R (3R 7) SRR I SR A S S A
VAR RO WA AW S ace F8 %L chao SR B W3 IEMI S pH (H A 2 2 B A LEGS shannon
FRBCE A IEAHSE 5 simpson 88U 35 UG AT LB 20 AT R RS shannon FE 405 B35 TAMIC,
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Table 7 Correlation analysis among physico-chemistry characteristics, enzymatic activity and bacteria

ace chao  shannon simpson - o ke ap Zh
. ; . ) FrK R ML 425 ® s oAk A -
s s B deE mpm K0 gy OURREC ARG ARG R g
. Moisture Organic  Total  Available Available i
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. . X K content matte N K P Catalase .
index index  index index oxidase
ace F54X |
ace index
chao F8%%
=
chao index 0.974
shannon $5%%

0.455 0.515 1
shannon index

simpson B

simpson index

-0.273 -0.332 -0976™ 1

/v\7 E=N
K 0.586" 0.565 -0.308 0431 1
Moisture content
pH 0.442  0.459 0.975™ -0.966" -0.329 1
1
ﬁf)Lfyf\: -0.215 -0.203 -0.884™  0.909 "  0.594" -0928™ 1
Organic matte
o
2R 0.087 0.147 -0.579* 0.639* 0.776 ** -0.661* 0.851 " 1
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ﬁ)‘i%q] 0.159 0.124 -0.689" 0.752™ 0.849™ -0.702" 0.859 " 0.852*" 1
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ﬁ)d'lﬁ?i 0.838 " 0.867 ™ 0.658* —0.550 0.473 0.624* -0.358  0.009 0.034 1
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SEHE AV ST
Jrikﬂﬁﬂﬁﬂ 0.146 -0.043 -0.212 0.224 0.098 -0.070 -0.051-.161 0.217 -0.034 1
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Polyphenol 0.209 0.230  0.738™ -0.724** -0.536 0.765**-0.790 ** -0.743™ -0.720™  0.265 -0.135 -0.84™ 1
oxidase
4 g
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Yy, 4 S WSRO KBE T, I L RB SRS I 3R AE W 0 50 R - S A 4 = R - A T 1)
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) T3 E D 2RO T atibR, AU FE Bt Al [ AR 0 M fr S B O, e 6 37 b AR R 3 AR — B
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TR T S KR SR AT, PO S K T R R

+- 38 pH (BRI 3R E A S R BN R 22—, pH (EA AR AL 3 A LR A5 A B NP
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