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LA AR, BrEE 2500145 3. BFE RN HE RS 0, BERS 250099)

W OE: TEMAMARE TR S R YR LIRS R AR O . VPO it 5 S AR T T S AR AR Th e
ZFEMERIR M, 1B TR H Biolog-Eco PR, WFFE 2 AN SR B SRR T« S 5] b 4 IR 18t =2 b o - 338
AR TR 2 FEvE: SRAA S BT AICR 28 20 I 50 T S B0 R F AR OC 40 e v g i Rl T 25 AR ER. PN
H 152 it S b - 38 R SRR B AR AL Z (Average Well Color Development, AWCD). Shannon F8%{. Simpson 1&Z%{F
Mclntosh $& %5 56 35 b A2 45 PR A 189 00 1T PG, (H 22 R 14 a AR 10 a SEH SRR & b 0 . 9 1 1) - 398 43
EYSTRER AN ZR K THEERSHNER . ELEHES, 16 M (DB, ERRI. RRE. BE
Mk, BYRAEZS) SAETTE B MK (P<0.05); Firmicutes & STRIFEMSF B ZMME, 5 9 FhkiE %
FHR (P<0.05) . FEAF G 33 ey, 11 R (o3 B ME 28 L E R IR 25 L R IR RN RS 128D 5 AN [ T 4 18 X2 35 AH 5k (P<0.05);
Latescibacteria 7& SRR TR R Z MM, 5 4 FERIEEZEMER (P<0.05). EZLIIES, Cd X LIEFHEDK
BEHHARZEAER (P<0.01), 25 A YRR H K &5 7, ALK (Organic Matter, OM) X} -+
AR FI A B E EER (P<0.01). TEHGTHF, Zn, OM. Cd XF T3 RA Y bR R A 52 54k
(P<0.05), As. pH {EXF L AE Wi VE A A A 53 IEAEH (P<0.05). 45 b, Pt 8] e e YA Th e 2 #E 1%
52 ORI B T R T3 E 2 5, BRI, 7 [F) R0 XS R 6 B, SRECAS R R 56t DL 208 R i AR S 3 85
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Vit v JICEE A S5 3 S I Al B R vk 2 iU, ok 22 it
X Bt AT T, RIS A AR (3. 5. 7. 10 )
S R 2R . B E MBS AR, &
Jite S b - SR DBV A A T B T AR I A
AR, EEEESNA. LR RZHAMES As.
Cd. Cr. Ni 1 Pb 2RFIEMIE, M5 Cus Mn Ml Zn 2
FAHERY, pH M. Ni?2, PolIANZs ) P B 24 34 1 5| ke
IR A AR E SRR DLRRET 2 R A
RLIR ) il s P i, W E SUNTUE Dy R A
A AL ZFEME . ERUE VB AR TG R 2 T i R R A5
IREAE A% 0N, R, A5 0 22 M 3 A M A
F PR Bt S b - S h B AR AR Th e AR 4k, DR
SXoF AN [R) o A 4 R AR M 25 5 0110 22 S AR TR R AT IR N
W7

Ll 7R 48 2 ] B B ) Vit i S A e b, LR S
R T A o5 4 R BT AR 50% A 29 AR S i B Ll 448 2
AR A AT (F. %), KA Biolog-Eco
WA, B FAS R AR AEBR A () IX 35k 14 it =2 b o+
BEMAEMREThEE 2 P =S, 3E—2 08 SIIEF]
FE A 2 1D 400 T e ) PR B 11 = B 5 i (R o AT 9
V4 Bl % SR AR VR F N - A Wt Bk A AR T RE A 4
WEEVE . LI AR Rk, DANIRN T R
Wit SE A O SRl N IR R B Rk B
AR AT R SR SR AR AR

1 MRERE

1.1 MRS ERHEREE

WFFE s A Tl R 2 i A e . i i,
e FET e 5 AR : KMIEEFLE 300 m JEREIA,
KGR FOREAEM SR A —B, PHEFER 2N 3 a
(AQ1) . 7 a (AQ2) . 10 a (AQ3) . 14 a (AQ4) Al
16 a (AQ5) o LIERAUE 1. LIS, 43R0 (H
BN 7.5 kgm®) , FIEIEFE AR A K b Ak 2 AR
Bho FREMEDINTR . PULA, FERTEN 9 A FHE
KRAE 6 Apa). fERNETIERE 6 NERAM: KM
76 600 m Yo, KAGEH) . FREIEDEREA—5,
MR 3 a (SG1) « 5a (SG2) + 7a (SG3) .
10a (SG4) . 15a (SG5) fl17a (SG6) . THEHAN
. DIREFEINEIE (FHEZ0N 8.3 kg/m®) , Fill
T PR AR AR K A SRR . FRAE A 9 AE T,
T[] AN 8 H A A) 2Kk 4E 6 H K.

HIEEREIRE N 0~20 cm. BN KM 3 MEE:
R ) P — 2k L2k 38 50 90 A 3 A X3, B A X 3R
MEAERFEEIRE, i L IRIIIR A5, Kb LR
YRR, ARERT, REKBHLET 4 CERKFEF
BRIEEE. ZWUMES A= —hET 4 CKM
RA7, HTHEDRE T REZ FEPE T — 0 KT 5
FRSHEMIEE, 0 (FL42 0.25 mm) , 4 CROGLEAE,
AT 5 pH . BAHLF (Organic Matter, OM) Fl1E 4
JEBIE: BeJo— 1 B T80 CHMRIRUKAERAE, H T4
PRV 3 HT

1.2 WEMKHINEEZHEMENE

FAEYAA T RE 2 FEPEDI E R FH Biolog-Eco fl-FAR
ZEL ¥ 10 g B L E T 100 mL 0.85%[1 K1 NaCl
W, £ 200 t/min FEEIRE 1 he H 0.85%M B
NaCl AR 100 1o FMRERE% A 2] Biolog Eco it
PR, EEAMEALEER 150 uLo FUCFARE T (25+1) C
TIEEHRIE 7d, 4 24 h 7£ BIOLOG Emax™  (Biolog,
Hayward, CA, USA ) FEiH{ 590 nm A1 750 nm KT
IBOGIE R E R T 26 N HEAT)

b B AR R U P ) R iR BE SR FH A AL ST 2 B 8 AR
1k (Average Well Color Development, AWCD) KAk,
HEALA (D .

AWCD= X (C, - R)/N (D
K GRS i FLIMROGE s R WX IRFLIIR (A N N
AL e e

FH Shannon. Simpson F1 McIntosh 3 AM¥E% K AE + 1%
AT BRI R I D e 2 FE 1 . Horhr Shannon %M
TN AN EE R, HHE L (2) 5 Simpson &%
F T VR4 A e v b B WA AL, THE
W (3) ; MclIntosh F8EH T IR FEE RN KI5 — 1,
HEHAA @ .

Shannon f54(=- X P, In(P) (2
Simpson f&£=1-X(P)’ (3)
Mclntosh f64i= > n (4)

K P RS | FLAHRIROE (C-R) S AR GRS AT
ECs n 250 i FLAHNROGIE .
1.3 HE\OMEST

KH] SPSS 17.0 Duncan % 5 FUHCH i b 2 1) (2 25 48
Z 5 (P<0.05) . K SPSS 17.0 HH4T 143 70 (Principal
Componets Analysis, PCA) . #&T SPSS 17.0 Spearman
FARPEAIHTEE SR, SR Gephi 0.9.2 22l HH S 45 56 &
K. RH Canoco 5.0 XFUAEPxt Bl i A FH A g7 T
2481 (Redundancy Analysis, RDA) .
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2.1 gHESEH A IR X R RO F A

AWCD 5 358 e R FH B — BRI i A 0 (R B e
PRSI, AT i IR A P i B AE Y. AWCD
HMERCR, IR % AN R, TIRREY)
o R IR B SR PSR R bk v . AWCD B 1% 77 I 18] A8 4k 0
Bl 1o I 1 AT AT, B AQ4 A, 22 i Hofth S s 3% i) AWCD
I 5 el R CE B A 38 0 7 ARG . B SG4 4b, b HAh =itk
+ 3% AWCD Z R U F: SG1 1 SG2 (HHZ I ZERA
) >SG3 Ml SG5 (WHEZ M ZERAEE) >SG6. 45
by B S M R A SR AR A A X B ) S ) R e
FEAEBR B389 0T A% . {H AQ4 A1 SG4 FE A A -
AQ4 LI AWCD #JE.3 mT AQ2. AQ3 l AQS, SG4
T3 K AWCD M7t g k.

Biolog-Eco TCTFHCA 31 Mo, MR 452k 4] 7
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g2 Ry o Vo S Hh b SR RUE I 6 SR RRIE Y
FIHAE B, 20 A5 6 ZRERIE AWCD Bl 55 7% i (8] 424k,
SRWE 2. HE 2 mrE, kiR AQL 6
KBRIE I AWCD HIX 5 - AQS HY 6 ZRBRVE ) AWCD
XIS . EF 3. SG1 M SG2 HlEs. RIR
%K. REWEMAL IR AWCD M X5, {5 SG1
W R I RIS AN SRR ) AWCD N5 . HoAth kb2
B HRAIE AWCD A B U . 3R B P b - 38 X6 %43
FRIE IR AR AT AN ], BN 9% L5 G T BE 9% 168 h
J5 6 JSHEIE AWCD, £ 6 KB, IR RmE
AWCD #ef (0.791~1.211, “FIMH 1.014) , Ey2ReRIE
AWCD #fik (0.251~0.900, “F¥14 0.562) . R+
Tl A= 4 %o 2, T S B R (1) 1) FH 8 0 B e, 56 Ty RS Ak Y T
FIFH 8 15055 -

=
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T‘&(E 0.8}
HEE 0-6r
B2 04
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i [ Time/h
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Note: AQ1-AQS represent the facility vegetable field located in Angiu with cultivation
history of 3, 7, 10, 14 and 16 a, respectively. SG1-SG6 represent the facility vegetable
field located in Shouguang with cultivation history of 3, 5, 7, 10, 15 and 17 a,
respectively. Same as below.
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Fig.1 Average well color development of carbon source

utilization of microorganism in soil from facility vegetable field
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Fig.2 Average well color development of each type of carbon source utilization
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2.2 e R IR MIThRE A TR

AN[E) I 22 RE I FE SR AE 3R M Th e 2 REME IR
[F 7T . K 1 %1, B AQ4 41, % 3 T3 Shannon
T B b Pl 4 PR A 35 g B, FeH AQ1 [ Shannon
R EZFET AQ2 Al AQ3, AQ2 1 AQ3 ) Shannon 15
BEFEET AQS (P<0.05) . fEH, B SG4 4b, SGI
A1 SG2 ) Shannon 15 Y2 % /=1 T~ SG3 A SG5, SG3 A1 SG5
) Shannon F& %% 3% =T SG6 (P<0.05) . Simpson $5%4.
MclIntosh #5445 Shannon f&ZHIARILMEAH —3, HIE
itV FRSAE AN 2R B S IR R AR T
FHEE . BRSO MR BEE YR RIS —
A i o A PR () 384 07T FEAEG, (. AQ4 AT SG4 FEAN A L
. LZEathmith e A&z R, K% F 5
Shannon &£ Simpson $8%(3%) .2 & T4t (P<0.05) ,
1M %2 Fr. 123 H Mclntosh fa 20 2 Z K T4 (P<0.05) .
T e R RCE R FE B BRI R WA
MBI TR, ERVEYF R — KT 6.

&1 kS IR P R IR R R SRR
Table 1 Carbon source utilization diversity index of
microorganism in soil from facility vegetable field

Wttt Shannon 8%  Simpson #§%{ MclIntosh 5%
Facility vegetable field ~ Shannon index Simpson index MclIntosh index
AQl 3.33+0.02¢ 0.961+0.001d  6.40+0.11efg
AQ2 3.23+0.05¢d 0.956+0.002c  4.80+0.42abc
AQ3 3.19+0.07bc 0.953£0.004bc  4.79+0.59abc
AQ4 3.24+0.03cd 0.95740.001cd  5.46+0.47cd
AQS5 3.14+0.04b 0.951+£0.001b  4.05+0.62a
SG1 3.24+0.03cd 0.957+0.002cd  6.80+0.16g
SG2 3.31+0.04de 0.961£0.002d  6.75+0.56fg
SG3 3.1240.03b 0.951£0.001b  5.85+0.21de
SG4 2.96+0.05a 0.940+0.003a  4.58+0.35ab
SGS 3.16+0.05bc 0.953+0.003bc  6.03+0.40def
SG6 2.99+0.03a 0.942+0.002a  5.31%0.29bcd
AQ 3.22+0.76 0.956+0.004  5.10+0.91
SG 3.13+0.13 0.951+0.008 5.89+0.86
PitZESR (P
Difference between two 0.017 0.033 0.017

counties (P value)
. X P FEIAFEREREREE (P<0.05) : AQ, % SG, #
o T
Note: Different letters in the same column of one county means significant
difference (P<0.05). AQ, Anqiu; SG, Shouguang. Same as below.

2.3 SRR IR MR R 2 A

FEBRA3 G WT AT B R AN [ 3R AE A 31 Rl
FIF TSN . XTREFE 168 h J5 AWCD $d br it b 28 3 5
HATIRAR AT, BREAT 2 N F R R TR S 2A
SR 3. B3, B—FRr (PC) HETTHRE
N 28.83%, T ERS (PC2) JETHREN 11.63%.
PR b 8] - 3G A= 42 %o T R P R A A B S T S T 43
Fo HRETIEFESMES 1. 52 R, HtigEte
IIARTESE 3+ 5 4 RPR o 7R —ANHJ7 A R R AR 4 R 15 it
St T A —E o e, (R ZE RN TR L ]
F5t . RWAANFE R SRR Rkt S0 3 A
TETE AR 22 P M 1A 52 ) K T 4 PR ) 52
2.4 SwiEFIABEXNAREES

ANIFI i - A58 R A TR 4 SR SRR [22] . AR
FEARMC A A A S ThREMI A PR, MRS R

PANBREE HXFEREAT 195 K, 138D, 2
PSR IR, SRIE 4. S5SRRM, 2
T3, 6 35 16 FilIE S AR 40 g AR (P<0.05)

KLU 16 FiRIE ] 9 SRR 2275 g, ik,
FIERISRIRIFR SR 4 25 11 Ml SR A 14068
BEATE (P<0.05) , RIILAE 11 FiRRIE AT 4% - IEANE R

4
o AQ
e SG
3t g
AQ  AQR @AQ31
“Q\: L ; &7::’,\0::
§ R '“’6‘ @052
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Fig.3 Principal component analysis of carbon source utilization of
microorganism in soil from facility vegetable field
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Note: Only significant correlation is shown (P<0.05).
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Fig.4 Network analysis of correlation between microbial
community (phylum level) and carbon source utilization in soil
from facility vegetable field
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tH I 4 %0, 7822 e 3R, Firmicutes Proteobacteria-
Bacteroidetes 1 Gemmatimonadetes %5 4 /" 14 H# 5 4~ [F
TR E A (P<0.05) o HH Firmicutes 5 9 Fhlici i
FHIE (P<0.05) , & S5HIEHH ST R & 2 A w, RV
e Firmicutes A R BRIEF R £ . {56 TIEH,
Latescibacteria~ Proteobacteria~ Actinobacteria % 9 1)
B 5 A R RCIR R 35 AH ¢ (P<0.05) o FLH Latescibacteria
5 4 MRIEREZEMI (P<0.05) , SRR R 2
HIZHEE, R Latescibacteria W] FIBRIEF SRR L .
2.5 HI|WMEIF ARIRRSINE T

AN [) 5 it =4 1 38 ey B A 4 Jo A B < S e R AL
SCHR[22]6 S0P IR AL R B . S B AR 31
FhBRIR IR 1 L AT RDA 2347, CAVPAS 385 A= 9 F]
RO ) E K1, S5 R 5, Hoh kgL K
FERIIE A 73 ARERAE - /NI IE S . HIE 5 AT AT, fE
3, RDAL Fl RDA2 A% %l flt B 30.92% Al
16.26% 1) LAV B R A L. Cd i 385
YIBEFRI R A ER B3 (P<0.01) , 2R HIERAY)
T U5 R FH () B S A G R, 0 S S80S ) BT R 2N 23.4%:
OM X T35 il A e R I IEAE 225 (P<0.01) .« 7E
73763, RDAL 1 RDA2 43 71| AT i 31.02%F11 9.97%
i HSEBEYI S IR RS Ol Zn. OM. Cd *f+3%
AEYIBRIE R I B B35 (P<0.05) , As. pH fEXS
TRV BRIE R B EE R B3 (P<0.05) .

—— B Carbon source
F20 [K-F Effect factor

1.0
1.0

RDA2 (16.26%)
RDA2 (9.97%)

0
0

10 RDAI (30.92%) 1.0 1.0

RDAI 31.02%) 1.0
a. %I b. #
a. Anqiu b. Shouguang

I 1A-FE-D-HENEE: 2.D-FILWHER y-WBE: 3.D-AWE: 41-JREEHEEE:
5.D-H#RE: 6.N-ZBE-D- M &bl 7.D-A 4 0 8.a-D- % HE- 1-BERR

9.0-D-FLB: 10D, L-o-BERHM: 1LLAEER: 12.L-RAFG: 13.L-KK
SR 14L-22% 0 15L-5%8R; 16 HAB-L- &R 17.0981R ¥ 5 ;

18.D- AL EEERR: 19.9-F2 T HR: 20.D-BIMIAGIR: 21 R BEIR: 22.0- T Hili:
23.D-FHF: 24010 405 25.00iE 80 26.-FFFUBIKE: 27 HFHE: 282505k
KRR 294K HIR: 30K LM 31K,

Note: 1. f-methyl-D-glucoside, 2. y-lactone D-galactonic acid, 3. D-xylose, 4.
i-erythritol, 5. D-mannitol, 6. N-acetyl-D-glucosamine, 7. D-cellobiose, 8.
a-D-glucose-1-phosphate, 9. a-D-lactose, 10. D, L-a-glycerol phosphate, 11.
L-arginine, 12. L-asparagine, 13. L-phenylalanine, 14. L-serine, 15. L-threonine,
16. Glycyl-L-gutamic acid, 17. Pyruvic acid methyl ester, 18. D-galacturonic
acid, 19. y-hydroxybutyric acid, 20. D-glucosaminic acid, 21. Itaconic acid, 22.
a-ketobutyric acid, 23. D-malic acid, 24. Tween 40, 25. Tween 80, 26.
a-cyclodextrin, 27. Glycogen, 28. 2-hydroxybenzoic acid, 29. 4-hydroxybenzoic
acid, 30. Phenylethylamine, 31. Putrescine.

B 5 3R R H LR A D BOR AR 6 TTAR AT
Fig.5 Redundancy analysis of carbon source utilization of
microorganism in soil from facility vegetable field
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Soil microbial metabolism functional diversity in typical facility
vegetable fields

Yuan Xuexia', Zhang Yong?, Yang Guihua®, Wang Wenbo!, Sun Chenxi!, Wu Yuanjuan!, Fang Liping

(1. Institute of Agricultural Standards and Testing Technology for Agri-Products, Shandong Academy of Agricultural Sciences & Shandong
Provincial Key Laboratory of Test Technology on Food Quality and Safety, Jinan 250100, China; 2. Shandong Provincial Land Surveying
and Planning Institute, Jinan 250014, China; 3. Jinan Agro-Technical Extension and Service Center, Jinan 250099, China)

Abstract: Metabolic functional diversity of soil microorganisms can greatly contribute to the health of the soil ecosystems in
facility vegetable field. However, the soil quality is seriously deteriorated in recent years, due to the frequency input of organic
and chemical fertilizers, pesticides, and fungicides. The Biolog-Eco method has been widely used to demonstrate the carbon
metabolic activity of culturable microorganisms. The ecological status of microbial communities can also be characterized by
the metabolic functional diversity in diverse environments. In this study, a systematic investigation was carried out to clarify
the impacts of cultivation periods and geographical location on the functional diversity of soil microbial metabolism using a
Biolog-Eco microplate. Correlation analysis and Redundancy Analysis (RDA) were used to reveal the relative bacterial phyla
and effect factors. The soil samples were collected from 11 facility vegetable fields in the two typical vegetable cultivation
counties (Anqiu and Shouguang) of China. The key influencing factors were then identified for the microorganisms and carbon
source utilization. The results showed that the Average Well Color Development (AWCD), Simpson index, MclIntosh index,
and Shannon index decreased with the increase of cultivation years, except for the AQ4 (cultivation history of 14 a in Angqiu),
and SG4 (cultivation history of 10 a in Shouguang). The Principal Component Analysis (PCA) result demonstrated that the
difference in the soil microbial utilization of carbon sources between two counties was much more significant than those
among the soils with different cultivation histories in the same county. It infers that the geographical location played a more
important role than the cultivation years. Correlation analysis showed that 16 different carbon sources (six types of carbon
source involved) were closely related to the different bacterial phyla (P<0.05), and Firmicutes of soil bacterial phylum was
positively related to the most kinds of carbon sources (9 kinds) in the Angiu soil. In Shouguang soil, 11 different carbon
sources (four types: carbohydrates, amino acids, carboxylic acids, and polymers) were closely related to the different bacterial
phyla (P<0.05), and Latescibacteria positively related to most kinds of carbon sources (4 kinds). RDA showed that the Cd was
the top environmental factor, negatively affecting the soil microbial carbon sources utilization in Anqiu soil (P<0.01), while
the positive effect of organic matter was significant (P<0.01). Zn, organic matter, and Cd were negatively dominated the
utilization of microbial carbon sources (P<0.05) in Shouguang, whereas, the effects of As and pH were significantly positive
(P<0.05). This finding can provide direct evidence that the significant decrease in soil microbial functional diversity was
caused by the long-term cultivation of facility vegetable, different relative bacteria and effect factors caused by location in the
north of China. It is urgent to take different measures according to different situation to improve the soil micro-environment
for the healthy environments in the vegetable fields.

Keywords: soils; microorganism; facility vegetable field; cultivation years; Biolog-Eco
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