5540 4 19 1 *t &~ 2 Eild Vol.40,No.19
2020 4F 10 H ACTA ECOLOGICA SINICA Oct., 2020

DOI: 10.5846/stxb201909231990

PR BRI, LIS B, BT, TS AR, DB S AR AR 2 - ST 5 B e 90 5 R 5.7 527 4,
2020,40(19) :6938-6947.

Zha M Q, Xu H D, Cheng X R, Yu M K, Han Y Z, Wang L. Y, Zhou C, Wang C, Xia H. Variations of soil phosphorus form and microbial functional
diversity in Cunninghumia lanceolata +Phoebe bournei multi-layered mixed plantations of different ages.Acta Ecologica Sinica,2020,40(19) :6938-6947.

ARMRRIEZAR+BHEER T EBRTESRBMEN I &
ZHMEEWL

FEF REA R RGRVEAE GREE ZmE, A B, E R,
2o

1 P E OB B R MOl BT BT, Al 311400

2 IPgg RAEME R, R4S 030801

3VLVEEMOLBRERE, FE 330032

4 KEREILIMG, H% 331506

R W BRI PR M DA 2B R Y S B PR 3R 2 — W L SR A W R T RE R P 0] L SR 2K A9 520, 0 S il M XN T
MR BA 2R, TRV B IR IER T 3 FOARRIMEAZ AR+ (4 a7 a 11 a) EEMNHIZEXTR  E T 15
LW AR X IR 73 7 i 2R Biolog—ECO YAWIE TS JZMAE 1 JZ (0—20 cm) - ERUA MIHEVE X U B M HIRFAE , JF 23
Br 7 LS R 5 IR E I RE AR OC R . SRR (1) LR AT S TCHUIAR 2 23 5 B B 2 MO I [R)
B (2) AR LSRR E YRR I RE S R 22 5 B3 . HIRBUE YR IRACHHS P (AWCD) LUK 2 RE PR 18 Mot
W 52 J2 AR T 1] S S SR 3 s 2 RIS RAZ AR AbR IR E WA B 2R UR 7 a EIEMXTOKAL S W) R R Y
FIHREERR 11 a BRI E SRR W2k 2 Ry JFRBA I IR A RIS BEROR  JF H 11 a 522 AR 1 oA e i AR Bl /K Ak
BY EHER JRIR IR R B R T 4 a RIZMHAZ ARG, T 4 a 52)Z PG HZ AR GbK 3 P aEds XA ] e I
MR ZRB/NERZ RO o (3) LHEMEY SRR R IR M T 5 5 + e 4l A7 20 L AL-P ATl Fe-
P S 2 ) 2 AR A OG , BEALARMRAEE B 0 R W, SR I R R AN R AR S Y - MRl AR W A Y = 2 I, IRt 2R
BRI AL N 52 2 S RS AT ) T ARPR L Sl o it A AL, 1 SRR W R A D) BE 22 R R 9 084 O AT R 2 o )2 S e vk
SEWIAT R G P I 2

KGRI B2 IR 1R s IR AT RE S R

Variations of soil phosphorus form and microbial functional diversity in
Cunninghumia lanceolata + Phoebe bournei multi-layered mixed plantations of

different ages
ZHA Meiqin'*, XU Haidong', CHENG Xiangrong" *, YU Mukui', HAN Youzhi’, WANG Liyan’, ZHOU Chen’,

WANG Cheng *, XIA Hui*

1 Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Hangzhou 311400, China
2 Forestry College of Shanxi Agriculture University , Taigu 030801, China

3 Jiangxi Academy of Forestry, Nanchang 330032, China

4 Guanshan Forest Farm of Yongfeng County, Ji'an 331506, China

E&WH . BFEE S AT H (2017YFC0505500, 2017YFC0505502)
75 B H#5:2019-09-23; % £& Hi AR B #8 : 2020-07-31
# WIRAER Corresponding author.E-mail ; chxr@ caf.ac.cn

http ://www.ecologica.cn



19 4] ARF ARSI+ B S Z R SR S A Y I RE S A E 6939

Abstract: Phosphorus is considered a key factor of limiting the forests growth in subtropical areas. Understanding the effects
of soil microbial functional diversity on soil phosphorus is important for sustainable management of plantations in subtropical
areas. Three C. lanceolata + P. bournei (4a,7a,11a) multi-layered mixed plantations were selected in Guanshan Forest
Farm, Jiangxi Province. The contents of total phosphorus, available phosphorus, and inorganic phosphorus were determined
in these stands. Biology—ECO method was used to study the characteristics of carbon utilization by soil microorganisms in the
topsoil layer (0—20 cm) of C. lanceolata + P. bournei multi-layered mixed plantations. The relationship between soil
phosphorus fractions and soil microbial functional diversity was analyzed. The results showed that: (1) the contents of soil
total phosphorus, available phosphorus, and inorganic phosphorus gradually increased with the increasing age of multi-
layered mixed plantations. (2) the functional diversity of microbial communities showed great variations in different stands.
Carbon metabolic activity and diversity index also increased with the increasing age of multi-layered mixed plantations.
Major carbon sources which were utilized by soil microbes in C. lanceolata monoculture plantation were polymers. They were
carbohydrates, carboxylic acids and phenolic acids in 7-year-old multi-layered mixed plantations, while more amino acids,
amines, polymers, carboxylic acids and phenolic acids in 11-year-old multi-layered mixed plantations. In 11-year-old multi-
layered mixed plantations, the utilization intensities of carbohydrates, amino acids, carboxylic acids, amines and phenolic
acids were significantly higher than those in 4-year-old multi-layered mixed plantations and C. lanceolata monoculture
plantation. The characteristics of carbon utilization of soil microbial communities showed little difference between 4-year-old
multi-layered mixed plantations and C. lanceolata monoculture plantation ( except polymers). (3) soil microbial diversity
indexes, amino acids, amines and phenolic acids were significantly and positively correlated with soil total phosphorus,
available phosphorus, Al-P and Fe-P content. Based on random forest model analysis, amino acids, amines and phenolic
acids were the main carbon sources for soil microbial utilization in different stands. In summary, C. lanceolata monoculture
plantations converted to multi-layered mixed plantations will be beneficial to the storage and supply of soil phosphorus. The
metabolic functional diversity of soil microbial community may play a key role in regulating soil phosphorus availability in

multi-layered mixed plantations.

Key Words: multi-layered mixed plantation; soil phosphorus; soil microorganism; metabolic functional diversity
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2K ( Cunninghumia Lanceolata ) f2=F& IR A B MV HHT 3 2 4= 77 A B 22— ) B AR R B0 b o
RIS B AR R R 4 AR IR A 5 AR TR AR 1.069% 10 hm® ™ | #E 3k [ Aol
AP RIAR S R BT 2 R R A o AR, A AR SR DL R AR A, S O S 25 TR
B FROMEIR I ) RER MG A P R RS IR H 2558 PR B T AR TR AT R s
T 3 VR A RTE O bt I ) A SR AT E IR IS Iy A1 e mbk o d kg Ra e A A= 7= g 25 Jy i B
AR AR LATE RO TR AR, SRR AERZ AR 51T B8 SA Rk £ 5 2 5 Ak, 727 A
NGRS AR AR B — M bR O3 B I B, H AT, C TP T — 22 i R e DL SR A K
SEITEIBESE (B0 FAZ ARSI AL A2 AR G R G H A AR A = Heb . B 38 B = S 20 3R 0 ety
H XN TEARGH AR 3277 ) IR 4E R AR S RGOV TR E M — DN R . P2 W0IESE 2 AR N DAk +
HERR R T EOE AL IR SO+ HEBIE S A B R ACR A P AR PR R R AR
WRARPRE F0A 252 TR AE ) ARSI, 5 2 A1 XA ) 52 J 2 P SR W A AR T B A S B B+ 3l 3%
FeAenawtse , i HAZ R MR e Wi v A S e S ) L WIS 25 ) 2 0 AR 1 18 1 A2 A R AR 74
AN, R ASCRAAN R RIS AZ A + [R5 ( Phoebe bournei) (4 a7 a 11 a) B JZ 57 e bR B AZ ARSI N BFF0
2, HRET : (1) B AR+ 22 5 AR L 508 SR s S22 (2) RIS AR + i B2 )= 3 e Ak
A= Wit 60 S B a PR A IR B L RAHEMRAE 5 (3) 20 A 13w 5O 285 13 WA QB RR AE 22 18] A4 A 7 3Bk
U1 SR R AL RONLEE B TERTAZ ARSI AL B2 Z AR Ll 3R LSRR MRV E A T e Bl &
ASARFAE LA B 5 - B 2R AL A Y 32 R R R

1 HR5HE

1.1 g AL

UG HLA TV A ACE R B I (R 2 115°17'—115°56", b4F 26°38'—27°32") . 4ES I 18 C ,4F
BRI 1627.3 mm, JCFH 279 d, J& T MBI A, MBS DL el Lol 2B R
SIHE . ZEMMAN 10553.3 hm?, (Hob AU TARTIAR 7800 hm?) ') | SRR A A2 A BAT (phyllostachys
edulis) ZLG4%( Taxus L.) FA ( Phoebe zhennan) FIIEHIAN ( Pinus elliowii) 55 . H 2008 4 LI, MEHEZ AN
T o2 AR FEIR fR5 942 AR SR (1988 47 ) T AR 2 472 I R SR AR I (IR 290 40—60
em) PSR+ )2 S AR (LT RIFR SR ZAR) , B R MOE G 1T 2 AFRAEIEE 2 I, AR SCGERUE bk
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Table 1 Description of the sampling plots

TR Rtz (Hie)

o | S Sy
Wi bk Wi Wiz i T F PRI Mean diameter I %
. . Slope . Tree Mean tree Stand density
Stands Altitude/m  Aspect o Slope/(°) . . at breast X )
position species height/m . (F&/hm )
height/cm
4 Hk Monoculture plantation 174 SE LY 27 K C. Lanceolata 16.98 24.8 783
4 a ZEM 165 SE i 21 E| 4§ P. bournei 1.29 110" 1150
4 a multi-layered mixed plantation KA C. Lanceolata 18.54 26.9 765
7a ZIEM 170 SW i 23 W1 P. bournei 4.04 2.33 1192
7 a multi-layered mixed plantation K C. Lanceolata 20.60 23.06 792
11 a ZJEM 167 SW i 26 W1 P. bournei 5.15 335 1316
11 a multi-layered mixed plantation KK C. Lanceolata 22.80 25.73 688
* FOR A
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(2012 4FB 15 ) 11 a B2 (2008 5 1) , FEd 7 25 0F | 3R — 50 IR 97 B )2 MOE B 1) X Mt + 4
BRIEE A AE Y I REZHEE RS2 . TEAZARAIMR 4 a BIZEMK T a Z)2ZHA 11 a ZJZPRN 73507 20 m %20
m AUFERE 3 B Sk 12 Hebfdth, PR AR P AZ R TR A R AR RS R FE R e N DS TR AT i v F R 4 0—
20 cm 48 1 ke 247, BHATIRAGAE RN 1AL HERE 5, s S A B KR O FE 5 48 o O B TR vk
PRI G N, TR ] S5 25 5 7 BRI 3 O 43 , — BB A3 A 4 C IR VAR N ORAE , T IR RUE MV Do he
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Table 2 Chemical properties of soil samples

4 é’fh ﬁm}ﬁ jk%‘fiﬁ

Stand pH Total nitrogen/ Organic matter/ Available nitrogen/
(g/kg) (g/kg) (mg/kg)

#li #X Monoculture plantation 4.01+0.03 0.90£0.02 24.30+0.75 114.87+19.97

4 a B)ZH 4 a multi-layered mixed plantation 4.31+0.04 1.22+0.22 33.97+7.27 111.77+11.76

TaB)ZHKTa multi-layered mixed plantation 4.25+0.06 1.57+0.05 34.43+2.44 130.33+6.85

11 aB)EZM 11 a multi-layered mixed plantation 4.18+0.07 1.69+0.20 40.50+0.33 131.67+13.47

1.3 HIEBHE ST

THEABE AR NS BT AR ; RS A AR (ALP) | RERSS BB (Fe-P) KUK S H645 5
T (45 (Ca-P) At 2 18 Chang #1 Jackson 45 Hi 440y il 2 2 |
1.4 U UIRETE D RE 2 Rt

FHIEA 31 MR Biolog-ECO 1243 Hr T3 A Wi I i ACBHRRIE . FRIBCRE >4 T 10 g Bt 5t 12 1) ff
FHEHTA 250 mL =, A 90 mL = E K E R 0.85% NaCl IE ¥, B 1, 7EFE K EIR T 30 min (543 160
r/min) ,UCE 4 CUKFEPIFRE 1S min, FERE TAE G R 10 550 B B 25Ok 19 10765, B V8 V(5
ATCH R, /GBI AR B A B AE SR A — A FL P (BEFL 150 pL) B8R 1 A, B0 3 IR, K%
Ty A B FLAR R B A — 2 Y B 20 A (SR} 2 b, S0} S T AR e IR A B2 9 200 L e Sk A (R eef A FL AT
AL TR 25 °C GRS R, R RR 24 h TEZE IR 51T T MicroLog TM Version 4. 20.05 f#L#RE501X ( Biolog
Inc, USA) FFEATINGE 2B K 50504 590 nm F1 750 nm AbFOKUE , i 4E 5535 240 h,
1.5 HdlEath

K WPS B4R B HEA T4 25 A 3 K AH DG 4, SR F SPSS 25.0 F i xf + 384l A7 350 K TohLik
4141 Biolog B E I FHZE AL ZFEEHE B4 T8 207 2243 M7 (one way ANOVA) il Duncan 2 5 UK 5, ik
FMEIKFEBEE N a=0.05; F Canoco 5.0 #£47 85373477 ( Principal component analysis, PCA) i i T3 485 A
A0 e TEHUBE 2 43 F = 3G WO RIS D RERRAE 19 B2 [ 7 25T R 3K (R3.6.1) I “ random forest” £
SIAT 6 Fh H ARG M RE B R VR R R S S Bl R R 3R Z M AH DCOC R BRI B ¥ O - 3 (E bR o 22
(Mean+SD) ,

2 HR55%H

2.1 H)EMREIERY SRR

TR R A R S — e R D T R R G R AEAE BN RE ) . BRI e A R
TEALHE & 0 X 52 )2 A RS B #A (R 3) o 4 a7 a F1 11 a MR L0 1 7001 He Al bRy
T 39.55% .21.08% M1 87.8% , 11 a & JZM A RBER Al-P & 53 53 & T4 (P<0.05) ,4 a B)ZMAN
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7 a BEMR BB AL-P & AR MBA #2255 (P>0.05) . 4 a7 a fl 11 a B2 13 Fe-P &
A LRSS AN T 17.31% .41.79% 1 86.0% ,{H 4 a B JZ M+ 1 Fe-P SR G4k 0] 22 3 A B (P>
0.05) . Ca-P AR EMMAIMZ AN B3 25 (P>0.05)

®3 AEMDEBWTEBES
Table 3 Soil phosphorus form in different stands

. - AL-P Ca-P

" 20 0 : Fe-P *
o . Aluminum Calcium

Total P Available P/ Iron bound P/
Stands (me/ke) (me/ke) bound P/ (me/ke) bound P/

m, mg, m;

£ ¢ (mg/ke) £ (mg/ke)

4li K Monoculture plantation 191.33+13.96¢ 1.33+0.12b 7.78+1.75b 50.73+8.69¢ 17.51+4.08a
42824 a multi-layered mixed plantation 267.00+12.33h 1.69+0.29h 5.68+1.62h 59.51+6.78bc 24.18+7.06a
7 a £JZH 7 a multi-layered mixed plantation 231.67+26.13be 2.06+0.33ab 8.77+1.76ab 71.93+1.71b 16.46+2.32a
11 aB)EH 11 a multi-layered mixed plantation 359.33+26.39a 2.53+0.29a 12.72+2.58a 94.36+10.47a 20.74+0.79a

FHRBAE N B iR (n=3) ; =3I AR R/ NG FRFOR AR BRI 2257 B3 (P < 0.05)

22 BJEMRIIEMEREEACETE R AL AL

SR AR A ( AWCD ) FEAF AR Py v i 5 ) 030 - a
A& A YRR R S — BRI RE T A — A 025 |
FabR  AE—ERRE bW T SR MR i AR T 020

AR B Z B e ARBFSE R AWCD i 25
BAITIEAN T A R TR n AR R B (I 1)
Biolog—ECO P M 7E 15 32565 192 h BHb T 35 237 4t
JILASRFHES 192 h (06 % B E 0T et o B i o B 5K
i S B G R 1 S5 SRR A R
AR B AR AN AR (B] i 22 5 3R B0 RIRI AR 2R B 1 REI#S 25 T | M BEE AWCD % 192 h 924 CF
(1 - S TR 0 (TG P M B S by PR 0 =3)
SFL 11 a2k I BT G PR T A 2 'Fig.l AWCD .chalfges of soil microbial community after
incubated 192 h in different stands (Mean+SD, n=3)

T4 a ZEMT a LIRMEAZARLUM, 54 a SLIZMT i 1om e g B 260 122 52 1.3  P<0.05 ) s AWCD:
a BIEMERARMMZ A BEZER,RIT 11 a )2 Average well color development
R SRR RV R VR A SR B 5 i
2.3 H)EMREIERA YR DRe 2 HEE T

ARG AL H I Y IR S EAETE R 35 25 5 (P<0.05) (R 4) . 3 FhE 2RI £ I 2 HE 14
BT RARES 3 i S 3 S, X TFAEARLIRK, 7 a A1 11 a R)ZM A I8 B HR B0 F AR5 e % 2718
BOH Mclntosh Z2 R PETE 5040 W42 5 T 63.33% F1 210%, 28.57% F1 72.27% ,37.25% F1 60.78% , 10.81% Fil
51.35%,11 a 2 M £ IR 2R MEFREU 3 = TAZ AR SR (P<0.05) , T 4 a B ZRAY 45 I Z PR 80 5 42
ARAihZ a1 B A % 257 (P>0.05) .

TR R AR BNE T AWCD

b
0.15
0.10 b
b
=lh 1
0
Zlik

482K TaGRENK 11 53K
M4y Stand

R4 TR LB TEREMBE SRS

Table 4 Diversity indices of soil microbial communities in different stands

(N PR AR FARAGEL ESER ISR Melntosh $5 %X
Stands Richness index Shannon index Simpson index Melntosh index
4k Monoculture plantation 3.00+2.59b 1.19£0.59be 0.51+0.22b 0.74£0.48ab

4 a ZJZHK 4 a multi-layered mixed plantation 2.80+2.30b 1.04£0.57¢ 0.53+0.26b 0.43x0.26b

7 a ZJEHK 7 a multi-layered mixed plantation 4.90+4.25b 1.53£0.23b 0.70+0.06a 0.82£0.75ab

11 a Z)2Hk 11 a multi-layered mixed plantation 9.3+6.00a 2.05£0.35a 0.82+0.11a 1.12£0.68a
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2.4 BRI MR I R S Rl B U5 1) AR AL RRAE

FRYGAC A FEAVE S A 18 L R AR S I RE 3 5 T Biolog-ECO A LAY 31 FPes 4 A
WKLY EIERIE BRI 2R WM RRE 6 R (£ 5), MRS alA, AR5 1 e
TEYINT 6 ZEWIE R FHAFTE B 25 57 (P<0.05) | OB T AN [ AR A3 28 0 4 3 W T EVR S5 A AV B IR
[fl, 7 a )RR IERA YRR XK AL S AT IR B 2 T 4 a ZJEK 11 a B)ZMALK(P<0.05)
M 4 a B)ZMRFAZAR SR+ BB WA I XK A S 2R R R 22 AR B3 (P>0.05) , 11 a B EM I
TR YIRS SRR R B O R ISR T 4 a HIEMK 7 a ZIZMMAIR(P<0.05) 1 4 a B)ZH,
7 aBE EMRIAIARZ (8] 22 AR 3 (P>0.05) o R AKRLEMA 11 a 522k LI GE Wy Re i85 0 22 B 25 1 1) )
R EET 4 a M7 a ZJEMR(P<0.05), 7 a Fl 11 a 5 J2MR A SEE W RETS T KR BRI A BRI A0 A1) T3
FERERT 4 a ZERMALEM(P<0.05) .

R5 AFREKS LB T EMEYRIRENFA

Table 5 Carbon source utilization by soil microbes in different stands

Ly Bk A% CRIIES £2 3/ES dires /S lificeS
Stands Carbohydrates Amino acids Polymers Carboxylic acids Amines Phenolic acids
4fi Hk Monoculture plantation  0.0008+0.0012¢ 0.0096+0.0131h 0.2036+0.1285a 0.0141+0.0246h 0.0093+0.0171b 0.0136+0.0242b
4 a HEM

4 a multi-layered mixed 0.0002+0.0005¢ 0.0490+0.0466h 0.0290+0.0321b 0.0096+0.0196b 0.0001+0.000b 0.0413+0.0329b
plantation

7 a ZEM

7 a multi-layered mixed 0.0155+0.0117a 0.0120+0.0240b 0.0339+0.0379b 0.0669+0.0434a 0.0007+0.0020b 0.1253+0.1222a
plantation

11 a &M

11 a multi-layered mixed 0.0079+0.0073b 0.1154+0.0836a 0.1531+0.1355a 0.0746+0.0477a 0.1566+0.0681a 0.1308+0.1080a
plantation

2.5 HEERPEAS HIERUE YIRS DRe 2 A A DG

T IR S R IEGUE YRR DI RE AR T 43T (PCA) KB (& 2) , A4 1(PCAL) il

B4 2(PCA2) 1 BRTTHR R 77.43% , Horf PC1 A LUSR RS AT 2519 65.62% , 5 FEFa 5 B R IBE 5 %

SR Melntosh ZREVEFE BUTTRRAS K PC2 AT LUBE A T 2510 11.8% , + 324 %0 | AL-P Fl Fe-P %5 1) 57 k4L
Ko ARSI + 20k AR AL-P Fe-P 5REISHM TR A5 (L% UIA G, F & BEAR 8 B A s 8 i
FRAGEURT McIntosh ZFEHEFRECS OK ALY U IERR 2 R AR IR0 % VIA ¢ i35 Ca-P AR LRRHIE
ZESFEK,

T RIS S L EGMUE Y RIE DI RE SRR R E TR I, RIS E E B A H AR B e
RGBS LR 52 35 IEAHOC (P<0.05) (3 6) , 34T 30 15 45 0 2 AR M8 SO By iR 28 22 [A) (B 3 IEAH G, +
5 AL-P 5 MclIntosh ZHEPEFEE MM TR S 2 10 25 IE AR G, 148 Fe-P 58 AH8 4L -3 2% 45 50 MclIntosh
AR R 0 IE ARG T Ca-P STUE W) ZHE A8 BUORUR [RI R IR 2 75 2 (]34 JC 8 3 AH OGP

K2 5T 6 FRIER S 5 Fp - 5 FIB S Z AW AH DCHRAE , 1 AL ARARBEHIXT 6 Rl iR H R it
FTEEPEIEASG (& 3) , A HXT 5 Rl - R I S AU R RE R, P % IneMSE &K, AAF R E | |
3 Al e w2 K RO LR, B R 2 5 - 5 S0 AL-P R Fe-P [ 2N F, Ca-P Z

e AR SO NNTTIRR LR R 175 8/ 208 AL N ES NS PSE 2 L7k 128
3 g

3.1 EJEMNT R A S
B IEM e A S X TCHLEE S Y Bl R 2 OS] SE K R ks e X T RS £ TR OAS [R]AE i
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B2 FAEHSERTBEHERSE TEMENEEESEENERS ST
Fig.2 Principal component analysis (PCA) of soil phosphorus form and soil microbial community functional diversity in different stands
Total P ;4 Total phosphorus, Available P ;A% Available phosphorus, AL-P ;43454 28 Aluminum bound phosphorus, Fe-P ; &8k 45 & A58
Tron bound phosphorus, Ca-P; 45454 2&5# Calcium bound phosphorus; H: &K ZHEMEIEH, Shannon-Wiener diversity index; S: & FEHEHL,
Richness index; D: Simpson M3 B35 %K, Simpson dominance index; U: Mclntosh ZEEMEFE%L, Mclntosh diversity index; Carbohydrates 7K fb4

P2, Amino acids ZHEMRIS, Polymers ZEHYIZE, Carboxylic acid FREZZS, Amines B2, Phenolics BRIE

®o6 TEBERSSLIEREVEEDIRSHEEHEXXE

Table 6 Correlations between soil phosphorus form and soil microbial community functional diversity

Tﬁal@i Afﬂaﬁ;ﬁf P Al-P Fe-P Ca-P
F & BEHEHL Richness index 0.645 * 0.581* 0.485 0.522 -0.027
FFACHE R Shannon index 0.610" 0.620* 0.469 0.608 * 0.037
A FRHEEL Simpson index 0.597 * 0.632* 0.368 0.662 0.145
MclIntosh #§%X McTntosh index 0.523 0.776 ** 0.617" 0.633* -0.358
kb &2 Carbohydrates -0.031 0.361 -0.009 0.144 -0.208
IR IE Amino acids 0.699 * 0.361 0.143 0.401 0.112
Z R Y polymers 0.152 0.01 0.031 0.02 -0.306
R Carboxylic acids 0.444 0.267 0.236 0.066 -0.09
Jiz 2§ Amines 0.317 0.563 0.663 * 0.505 -0.016
R phenolic acids 0.344 0.733** 0.640 * 0.649 * -0.078

* FINTE P< 0.05 ACEAICHE LR+« FRAE P<0.01 JKPAHCHE I 3

(7 a17 a.25 a) AR N TAEMIFFER], 1382l S TOHLIEZE Jr 75 5 I 21 b i ARz W 15 i i 21 30 2A0pk
J5 SCREARE . BRSTARTEBES R I JE RS N TSR PR -3 rh Fe-P 1 Ca-P 7 BEBARES 34 in i 4% K, (1
AT AR i AR T FAEARR X SR R] 45 2R — 7 T 5 AR AT 5% AP S0 R B I A2 AR + M i 52 =
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Fig.3 The variable importance of random forest mode
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