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Effects of ozone fumigation and depressed solar irradiance on soil microbial

functional diversity in winter wheat rhizosphere
WU Fangfang, ZHENG Youfei* , WU Rongjun, WANG Jinqi, LI Ping

Jiangsu Key Laboratory of Atmospheric Environmental Monitoring and Pollution Control High-tech Research , Nanjing University of Information Science &

Technology, Nanjing 210044, China

Abstract: Enhanced ozone concentration and depressed solar irradiation were simulated by using open-top chambers
(OTCs) method and shading net techniques at 100 nl./L ozone fumigation assembling with three different levels of
depressed solar irradiance. The effect of enhanced O, combination with depressed solar irradiance was also studied. Two
experiments were performed over two years. The combination of three OTCs with six shaded chambers was set up. Each OTC
fed with 100 nl./L ozone. In the shaded chambers, solar irradiance was reduced to different levels of 20% , 40% , 60%
respectively. Combined actions of O, and depressed solar irradiance were tested by shading net above OTCs. Using unshaded
OTC and unfed with O,as controls. OTC fed with 100 nL/L ozone only, and shaded chamber solar irradiance reduced 20%
only were applied too. Each chamber was equivalent and repeated three times. Winter wheat was grown to all life stage in
OTCs, shading net and their combine chambers. From reviving to mature stages, in OTCs the plants were treated for 8 h
(8:00—16:00) every sunny day with O,, in shading chambers covered net all life stage. The ability of winter wheat
( Triticumaestivum ) rhizosphere microbial to use different carbon sources were measured by applying BIOLOG ECO
MicroPlate and Average Well.-Color Development ( AWCD). Microbial diversity index and Principal Component Analysis

(PCA) were calculated on the utilization of different carbon sources. Each treatment was assayed in triplicate. The data
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were initially compared by analysis of variance and differences between means were detected using the Duncans Multiple
Range Tests. Values of P<0.05 indicated significance. Quite similar results were obtained during the two years’ experiments.
The results suggesting that under ozone fumigation and reduced solar irradiance, AWCD was reduced, catabolic ability of
single carbon source was declined too. No obvious influence of O,combined with shading on soil microbial diversity was
found. Principal Component Analysis suggested that different forms of carbon source have different sensitivity. The variation
degree of carbohydrates’ is higher than others. Under ozone fumigation combined with reduced solar irradiance, AWCD and
catabolic ability of single carbon sources were lower than enhanced O, or lower solar irradiance single acting. For soil
microbial , two years’ results showed that combination effects of ozone fumigation and reduced solar irradiation reduced both
rate and total utilization of carbon sources except polymers. However, there was no direct impact on the diversity of soil
microbial. For Inhibitory effect on the degradation of carbon, combined effect of enhanced ozone concentration and reduced
solar irradiation was greater than each factor functioning alone. 20% reduction of solar radiation increased the decomposition
of polymers to some extent. On the conditions of combined O, fumigation and solar radiation weakened, that makes the
metabolism of carbohydrates and amines highly variable, as they are largely affected by the environment. Enhanced O,and
lower solar irradiation have a cooperative action. Reduced solar irradiance is benefit for winter wheat absorbing O, resulting

in a serious injury.
Key Words: ozone; depressed solar irradiance ; recombination action; Triticum aestivum ; soil microbial diversity
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1 #MRERFE

1.1 KRHREAR N

F 2008 4F % 2011 76 L5 B TR RF AR LI K5 (32.16°N, 118.86°E) #1744 /N A K ZR HI 1]
SR, Y AR 3R R 15.6 °C |, 2 TR KN B4E 1100 mm,, B0 -850 & RUKRE £ O SAT
+E) , B A+ B AR SN 26.10% , +3 pH(H,0) 1N 6.20, 4 HLER F14 B 0 & =
I3 M 19.40 g/kg 1.15 g/kg.
1.2 RANIN S G855 2 AR B R B g6 e

IR B 3 m, 2.5 m BFFTAE (OTC) E R R EAM M ANREE 0, KM (LA MR T I RR
AHLH BT, WI-H-YS5 A i@l i as S0P A 0,774 O, s KWL 2 S M R A28 =40 0, 1R B )5, A A
ZRY 1 5  HWk FIVEY)E)Z ;R ORI (7Y 22 aeroQUAL A 1], S200 ) X3 N O, e B A7 Wil | i
T R T0F 28 PRH E HEAT TR R . O M EEIEE N 100 nl/L (T) , R WA EH R 2 £, OTC Wik E R
SR AL B R 21 /L) X B 0 B A Bt A 7 70 5 16 0 VR 3 UL, 24 OTC P R 4R Uk 38 A 35 81 bt ) 1
i, SR L AR A RS TAE IR OTC B AR ESNAR, 24 OTC Pk B M It L B (EL A, B SR A5 e W R i e
EREZ BUK T € L e o ol VWS e ki Rl e Wl ot L b LSS 7 1] [ a 1 i 2 e W s o | o IR I o = A
P OTC PN R4 1 [ S dss | 45 % AR R 1] BE A 08 :00—16 ;00 , 38 47 R R I 5 B e >4t 5

HERT IR PN S B SR S 3 mx3 mx3 m (ST, I AIBE 3 mo JEE A TOURE ) 4 22 4%
AR T F R PR R ROAR G R DA SRR I, SR ] TBQ-2 50 5 8 S 26 X6 A [] b B 54 3] 44 /N 22 56 2 1 K B
SRS BE AT T W, B[R] A 6:00—18:00, 2K A 1 min, 4 H SR W DU 21 (1) A BE R4 S i 32 Ik )1
(W m?min™") (B 1), 3815500 2 45 A 34 S BRBz IS it K P 39 5 B 43 501 L X RO S5 (20+5) %, (40
5)% . (60+5) % , FIAI KA, O, ¥ AR FHAR S BE e A AN 0, JEREE VY A 5, IR 19 38 1 I 5 4/
22 582 (F) A P 0 AR 155 05 4 B 48 30 77 P, (I P 2 At 81 81 S A A0 e J 2 190 R IO A s S5 728 A o 4 il 7
TAE £5% 3G F N, 738 A 100 nL/L &A1) OTC M b 77 2 544 g AR R B (L% AR R ER 2
R, B AL T 100 nl/L O, B85 K BHEE 515 B85S 20% 40% 60% I E &8s, K15 E T+S1
(O HE S 100 nl/L+ A BHAR 555 B 98055 20% ) T+S2 (0,4 J9 100 nL/L+ A BH A48 55 38 B 655 40% ) | T+S3
(O, RN 100 nl/ L+ FHAR ST 30 BV 55 60% ) =2 XA FALBR, 5515 T (O, ¥ R 100 nl/L) A1 ST ( A BHER 5
WSS 20% ) FIEAAVE R 3 5 AR 312 S OTC HIFN 12 AN EEGTHE, Scai 4 B 3 RE 2 . DIASIE A O AN
BEY OTC # X B, [RI2EINE O, Wk B Fm il i, (i O, IRZE4E I 7E 8% , [ Fm SR ZEFEHIAE 5% LA
1.3 H ()& B AU

PR/ NZ R 22 13 5 KBRS i 7 g, HAh R HVAS FIE i S AR ], Joe HUE S 2 i 52
R B BEAGRIE B CRFE A LI AOT40 RBUE N 1 Fin, % H SRR, S B BE L 5 MR/INZZ
o H 0—20 em BHZR R X EAEZ H BHER RAME L BRI FEAR T 09 148 IR A S ENARBR L, Y4
BGE B T EAUS T | ST RV M52 % | 4 °C F UKER AT, T 30k ik A Qi 2o il 5
1.4 AW EZHEER BIOLOG A

IR A W B U5 A 2 4 PR BIOLOG A 25l 5 #iz ( ECO MicroPlate, 2 [E Matrix Technologies
Corporation 4277 ) {lll % , Biolog EcoPlatesTM 4% 7 J& — Flt [if§ B 5 72 W [k 751 0 52 5 725 ( ELISA, enzyme linked
immunosorbent assay ) (81 Ak Biolog EcoPlate ffL# 4 96 L, 3 hE &L, M EEA 32 FL(AFE 1 X
HEFLAN 31 A BA—BRVEFL ) | BT BRFLACAH KRR /R FI LAAE , Hidy 31 FLARS A B — B I A DU me ekl . =)
FH B — B U5 A AR el A e = A SR SR o U s el A8 ol 55, MR A L T A8 TR A I Bl 2 o 1 AR
WHRE ST, AREGHARI R AL FHEE + 10 g, ITA 90 mL 0.85% NaCl JCHEVAR T =M, CHEAR L ZEH O 5 1E
FEIR 727 (200 r/min)30 min, #% 10 {555 B2 1 0.85% NaCl JCHE IR RO HAR B2 IR0 1 /1000, Fi B 24
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Fig.1 Solar irradiance of winter wheat canopy under different treatments

O ¥RBEBEE M 100 nl/L;S1 . K FHAR S50 BEUES 20% ;92 A BHFRST5R B 55 40% ;S3 . A BHER 5135 2 )8 55 60%

1 XHESMEHERER

Table 1 Fumeing and sampling date

F/NE O, W BEA T 40 nl/L( AOT40) é’hdgfx‘# ”ﬁi
X LS H Sampling perio
. FEAh H 4 THRES S/
BES  Ce ) Ay WUIR) 351 A0T40 A E ] -
Test date Stop fumeing R 115 ¥
ost date sowing date Start fume date op umems RR RRRAEL Fefil 9% /(H-H)
date (nLL'h7h) Cumulant day Percentage of X
. . Heading
Cumulant trial period
2008 2007-11-14 2008-03-07 05-20 8.208 63 68.48 04-17
2009 2008-11-20 2009-03-08 05-21 8.462 59 64.13 04-23
2010 2009-11-12 2010-03-07 05-26 8.638 62 67.39 04-26
2011 2010-11-12 2011-03-07 05-27 8.357 58 63.04 04-22

AOT40( Average Operation Time) 24 H /N O3 ¥¢ R TF 40 nl/L 19 B &
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1.5 Bdmab g5

K AL B0 A AL K 1 ( AverageWelL-Color Development, AWCD ) I % + 130 A= 99 1) FH 28— I ) BE
F128 0 AWCD By AR N

AWCD = Y (C, -R) /n

KA, €, R R NALLE 590 nm R AGIREEE R A5t BRFLAGIE(E , €, -R<O MIFLTETTE FIE R 0, n ARGFREE
IR R ISHL, AR5 Ry 31,

1 BRI 3] S HR 73 T L sl W e v 1 S i EL IR 1 BR P i A O v 2 3K 81 0 720 A 1 Y S0 2
BIEEFRIHE] R 96 b, IR 37 96 h I A | R F DPS B ARl - St e v o 31 s — V5 A1
FIARARIPE DR 2 TR A 5 I3 2 R HR B, SR T SR A 25 A I A 3 o AT

R2 TEREMEEDRESEEERNTEAX

Table 2 The equations of function diversity indexes of soil microbe community

Z R i oSN ik

Diversity indexes Purposes Equations Remarks

iﬁn:;;%ndex PPAREVE R A 2 H =~ sz X In(P;) P, =(C,-R)/ 2 (C; -R)
R e €502 C;>0.2 MAFRIZALBR A A, 2%
Richness index FARE T HE i FLEP A 2Rz L

ISR R il 11 Shannon 8 %1 15

IR L Shamon FEGETERIE g s s R ALITECE
U s e o R LB (C-R),
Simpson index VIl 2 f i DL I 80 i D=N(N-1) /Z’li(ﬂi 1) N RS (A

R B LA A e H = (1/N) xIn(N / ne B L PRI RHRE, N JR
Brillouin index H FERE R n!onylongl) AP A AT

S

SEREE DI — AR AL n; JE i SLAARXTOGIE (C-R)

Mclntosh index

2 ERE5S

2.1 O, B AT AR S35 b 38 A W R R A 3 g 2 R

2010 4F5 2011 AFEPIAFIRIREE R R, O, 505 R BH AR S0 958 XOUIR] 3~ AR BT, b SRR A 0 0 i 10 A o fie
HAR(24—96 h B2 A RER) MR AWCD {HHAREE K T CK T A1 ST, 4ni&l 2 fro, X3t B9 A9 0,
-5 8 235 P9 A 4 S A o DR 2 SO A B Bl 0 e ikt R g ) 8RR TN T AR, Bl O BE(T)
T AR X B DR AR AR R AWCD S R MBS IR T X B R B AR STk 2090 SR T (ST) |, e

+CK =T «+Sl «T+Sl *T+S2 = T+S3
09 ¢ 09
- 201048 201142
g 08} 08 |
[a)
9 g 07} 07 |
<§ 06| 06 |
gg 05} 05 |
EDNE 04| 04 |
N
£ 03} 03 |
§ & 02| 02 |
]
Z o1t 0.1}
0 n n n n n n n ) 0 1 1 1 1 1 1 1 )
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] Time/h

B2 AELGELTEEHFETUR(AVCD) 192h FFHEHEKL
Fig.2 AWCD changes of different treatment soils during 192 hours culture on Biolog-eco plates
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Prxsa IR A 2 5 CK JC W35 25 5 (B AWCD e KA i E AR, 25 Ui, O, B A REAR 1 Il Wik
R P18 338 230 R e 2 YRR P A e, K P 6 08055 20 9% et %ot - HE afe A 400 %) Al Y oA fe i 0 80 A B 25 32 M), (L&A1
T LRI R B
2.2 O FE AR BHAR G055 - 300 P %ok A [ 25 531 e Y8 1 ) P i

K 445 ELISA [ 96 h FIEHE /0B 6 A= W %t M SR BRR DEERM DR D%
ANFEIZESIBRIR A 8 K 3 AT A/, T, T+81,T+S2, 30,

T4S3 TR E WG T BRI, S1AMBIA IR 5 25l [] S
FHINSAT B R, R IR 2B BRI RS 0 3 FF 5 a0lly b L d ]
AR B R R MR R R T ST £ (P g =HANE
+S2. T+S3 MR R R, SL e A iz, 2 1@ 72 2 ‘B=N
KAV AWCD RV, BEIXELL B D o0, s1 80 S| , .
BT R AW RN, PR LR, B [ H § LR
226 SRS, 5 B 0 B OS5 (OS5 20% ) , — s PR - e $TeTalg
20104F 201 14¢

HEIM T X RA YIS 5, O,k BE BB Jinab 2, DL O,
FEA AR PHAR S8 A F AR BT BR T R G2 LA
B BRIE R R 5 2 AR, BN O, Rk 55 7 A S 9 R 2 .
S ARHILE O 5 S AR P B R FHAREE 1O 13000758 Fig.3 Fraction of utilization for different types of carbon
2.3 O, BRI FH AR S0 58 0 1 SR E VI HEVE DIBEZZHE (ources by microbes under ozone fumigation and depressed
PEFEEL Y 5 M solar irradiance

O, FE S MUK PHERE GG AT, LI Y REE DhE AR T RN R 28 Duncan [C2 B 2246 50 22 5 3% (P
Z K P 45 X Simpson 4§ % (D) . Shannon #5 %t (H'), <009
Mclntosh ( Dme) $68 50 A X Simpson ¥475) B £ P AF %) 120 56
BT 24k RA A A 3 5 B2 Brillouin 840 (H) Luxy i Az S1 ARFRAR (R 4) . ATILIGIRA 0,5
V85753 P R O 6 S A L, o) A2 T = DL AR A ) 2 S i AN R, X AN [ A 2 Al A A K AT e A AR
KEF B R Fp R B R sloii/ > RS Y S AN B3 TUEY £ & B R A R 75 K i
U ZS

ZIN o

M P Treatment

3 O;BESFAMRIESEE T LERE Y X R E L BRI

x3 O, ESMAMEHFREBLET IEARRARNHRE AWCD &

Table 3 AWCD of different types carbon sources under ozone fumigation and depressed solar irradiance

KR Ak 2R EES e IR RIR BR TR EaW
Test year Treament Carbohydrates ~ Amines/amides Amino acids Carboxylic acids ~ Phenolic acid Polymers
2010 CK 0.530a 0.520a 0.6244a 0.383a 0.449a 0.040a
T 0.373b 0.350b 0.460b 0.253b 0.293b 0.020a

S1 0.558a 0.489a 0.647a 0.359a 0.405a 0.209b

T+S1 0.359b 0.339b 0.401be 0.263b 0.302b 0.025a

T+S2 0.346b 0.312b 0.368bc 0.231bc 0.266b 0.025a

T+S3 0.3118b 0.275b 0.328¢ 0.197¢ 0.234b 0.020a

2011 CK 0.517a 0.482a 0.570a 0.370a 0.449a 0.030a
T 0.328b 0.295b 0.380b 0.215b 0.255b 0.020a

S1 0.526a 0.459a 0.485a 0.374a 0.435a 0.205b

T+S1 0.300b 0.273b 0.314b 0.232b 0.247b 0.020a

T+S2 0.281bc 0.217b 0.312be 0.183bc 0.210b 0.020a

T+S3 0.209¢ 0.251b 0.231c 0.141c 0.209b 0.015a

ARIZFEHE LR AL HLA] 28 Duncan R 2 HAR 22K 5 2% 55 W 3% (P<0.05)
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R4 O,BESFHTRIESESELIEBEMB RIS H R

Table 4 Function diversity index of soil microbe community under ozone fumigation and depressed solar irradiance

IRIRAE Ab P RIS Richness 5% Simpson #%4X  Shannon #§%%  Simpson  Brillouin $5%% McIntos}},
Test date Treatment Species (D) (H") o) (H) ( Dme) $6%k

2010 CK 31 16 1.0193a 4.6164a 0.9318a 3.1267a 1.0515a

T 31 11 1.0460a 4.5229a 0.9129a 2.3232b 1.1128a

s1 31 16 1.0240a 4.7710a 0.9630a 3.1087a 1.0660a

T+S1 31 10 1.0563a 4.6171a 0.9320a 2.3009b 1.1397a

T+S2 31 10 1.0629a 4.5978a 0.9281a 2.1632b 1.1531a

T+S3 31 9 1.0775a 4.5750a 0.9235a 1.9469b 1.1841a

2011 CK 31 15 1.0223a 4.6035a 0.9292ab 3.1618a 1.0590a

T 31 9 1.0605a 4.4739a 0.9031a 2.2564b 1.1428a

s1 31 15 1.0279a 4.7463a 0.9580b 3.0094a 1.0751a

T+S1 31 8 1.0789ab 4.5432a 0.9170ab 2.1479b 1.1860a

T+S2 31 8 1.0932ab 4.5426a 0.9169ab 1.8559hc 1.2153a

T+S3 31 7 1.1233b 4.5382a 0.9160ab 1.6683¢ 1.2799a

2.4 O, B MR FHERSTIRES 4518 Tt v e 2 43 43 B (PCA)

XFHEFE 96 h (1) AWCD H5H U7 1w A= P #F 95 T RE 32 o 431 (PCA) |, 35004 Wik U5 R FH ) fig 2 A 1
2010 AFAHOGI L5 1(PCL) (4 2(PC2) MR M AR 1t 7 22119 70.24% ,20.16% ,PC1, PC2 1) it BTk
FIRF 90.40% ;2011 AEAHICHY F Lo 1, F o3 2 MK e As it 7 2219 76.17% ,12.80% ,PC1,PC2 [ Rt 5T
kR IKF] 88.97% ; PC1 PC2 f&AE S EZORIR, il LU RS SR 4 IR /5 B (6 5) o PRl -89 FIl FH 36 A%
OIEATAYRGTE IR & R AR 4 L AT - A = CRRAE ) s RRAE (2 ) 2 Y 15 5156 6,153 1 31
FRBRIEAE IS 8 AT, e 7 AT, 2010 4F, PC1 FELEA T 15 PRk IEAIE B, 20 98 Tk
(5 Fh) EELRR (4 Fh) RIR(4 M) REY(L ) MR (1 F)  BEHTA 15 Pl el - 58 G02E Ui A o g
ZREVEAE PC1 PR 2 P PCL 45, 5 PC2 W AHCIBRIEA 6 FI, 2358 T (5 i) ek (1
Bl BB 6 AR IR L3R YRR R DI RE 2 AR MEAE PC2 B 255 W3 UE PC2 43 5+, 2011 4F,PCI
FEEE T 15 FaRlEAE R, 518 THIZE (6 Fil) (ZHERR (4 Fh) JRIR(3 F) REW (1 B BER (1 F) ,
VLA 15 FhBRIEAE + 1A U s I RE 2 Rt AE PC1 L2255 B3 ULE PCL 5T, 5 PC2 WG
BIRRIEA 3 F 4 5 THESE (2 P B2 (1 Fh) BB 3 P s i 3 W e A I D RE 2 AR AE PC2
F2ERBE, BT R O, RN IR B4R S 5 1 598 b i A W IR 85 Hh B0 22 5 v 15 R R o i A
BEE,

£S5 O;ESFAPRESIEEE &M TIRR LR YRR £ B S EE

Table 5 Principal component eigenvalues of different carbon sources types by rhizosphere soil microbes under ozone fumigation and depressed

solar irradiance (2010,2011)

o 2010 4F 2011 4F

EEEEéj\ 41 2. I 2. I AN 2 2. .

Principal components HEAEG FETAE BRI HFAE(H FETR B2 TR
Eigen values Proportion/ % Cumulative/% Eigen values Proportion/ % Cumulative/ %

e Y

91? fﬁk‘ﬁ Pl 21.77 70.24 70.24 23.61 76.17 76.17

First principal component

8 EMS PC2

= Es pC 6.25 20.16 90.40 3.97 12.80 88.97

Second principal component

A KAE b, 280 KA A B 52 0, NASA Goddard 12 38 , 5 400 6 R Ak & 9 14 W B2 5 i AR
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x6 O,ESTKRMAEHASBEMHT LEREYHARERF ANERSFIERE
Table 6 Principal component eigenvectors of different carbon sources types by rhizosphere soil microbes under ozone fumigation and depressed

solar irradiance (2010,2011)

2010 4F 2011 4F
AR 1 4 BT 1 A 1/% Hy2  #fr-2/% HF 1 B 1/% Hr 2 B2/ %
eigenvector 1% principal loading 2™ principal loading 1™ principal loading 2™ principal loading
component capacity- 1 component  capacity-2 component capacity- 1 component capacity-2
D-2 F A il y- & e
3 ){% Eﬂ VB 0.0084 0.0015 -0.1104 0.0762 0.2006 0.9501 0.0706 0.0198
Galactonic Acid-y-Lactone
3L DA
B-11E D fﬁﬁﬁ:ﬁ: 0.1331 0.3857 0.3105 0.6024 0.1672 0.6600 -0.1431 0.0813
Methyl-D-Glucoside
D-£F4 — % D-Cellobiose 0.1438 0.4502 -0.2951 0.5441 0.1673 0.6608 0.2899 0.3335
a-D-FLHE a-D-Lactose 0.1986 0.8587 -0.0002 0.0000 0.1758 0.7297 -0.2017 0.1614
[-IRBERERE 1-Erythritol 0.2129 0.9868 0.0384 0.0092 0.2027 0.9701 -0.0190 0.0014
B | P
I 1B 0.1393 0.4225 0.2954 0.5453 0.1944 0.8922 -0.0665 0.0175
Glucose- 1-Phosphate
D-AHE D-Xylose 0.1863 0.7556 0.0846 0.0447 0.2007 0.9510 -0.0302 0.0036
D-H #®E D-Mannitol 0.2086 0.9474 0.0549 0.0188 0.2041 0.9835 —-0.0448 0.0080
N-Z. Pt 5 -D-78 %4 i
Z.BiE- D AR . 0.1377 0.4128 -0.3038 0.5767 0.1332 0.4189 0.3814 0.5772
N-Acetyl-D-Glucosamine
D, Lo H il 0.2036 0.9025 -0.1085 0.0736 0.1718 0.6969 -0.2206 0.1931
D, L-a-Glycerol
D_\ 2 2] Ty
4—?%}%%@& . 0.2125 0.9831 -0.0016 0.0000 0.2026 0.9691 0.0042 0.0001
D-Galacturonic Acid
D_**‘*“ 72
‘@@Eﬁﬁa . . 0.1398 0.4255 -0.3022 0.5706 0.1310 0.4052 0.3868 0.5937
D-Glucosaminic Acid
-T2 4 ik iz i
~ MH&M 0.2056 0.9203 -0.0981 0.0601 0.1883 0.8371 0.0698 0.0193
L-A sparagine
LA A R
ﬁ%ﬁﬁm 0.2123 0.9813 0.0418 0.0109 0.2039 0.9816 -0.0360 0.0051
L-Phenylalanine
LK %R L-Arginine 0.0583 0.0740 0.2839 0.5036 0.0730 0.1258 -0.1299 0.0670
L-J7 %l L-Threonine 0.1566 0.5339 0.2250 0.3163 0.1900 0.8523 -0.0746 0.0221
L-22 %k 1-Serine 0.2116 0.9748 0.0454 0.0129 0.1925 0.8749 -0.0185 0.0014
LA R
.1981 .8544 -0.14 .1 .1 . .0302 .
Glyeyl-L-Glutamic Acid 0.198 0.85 0.1463 0.1337 0.1950 0.8978 0.030 0.0036
A 7
vRETR . . 0.2047 0.9123 -0.0841 0.0442 0.1896 0.8487 -0.0834 0.0276
v-Hydroxybutyric Acid
A<HERZ Ttaconic Acid 0.1946 0.8245 0.1024 0.0655 0.2019 0.9624 -0.0204 0.0017
o- THAM . . 0.2130 0.9878 -0.0266 0.0044 0.1595 0.6006 -0.1997 0.1582
a-Ketobutyric Acid
D-32 2R % D-Malic Acid 0.2032 0.8990 -0.0374 0.0087 0.1903 0.8550 -0.1675 0.1113
PR ER g
.2 . . .061 177 1472 -0.2032 .1
Pyruic Acid Methyl Ester 0.2033 0.8998 0.0995 0.0619 0.1779 0 0.203 0.1638
a-%iﬁ*ﬂﬁ?. 0.1936 0.8160 -0.1214 0.0921 0.1739 0.7140 0.2442 0.2366
a-Cyclodextrin
JFHE Glycogen 0.2095 0.9556 0.0566 0.0200 0.2018 0.9615 -0.0427 0.0072
- 40 Tween 40 0.1872 0.7630 0.0866 0.0469 0.1851 0.8089 -0.0127 0.0006
13 80 Tween 80 0.1096 0.2615 0.2599 0.4221 0.1805 0.7692 -0.0764 0.0232
2-¥4 LhE 73
RERTM . . 0.2112 0.9711 0.0510 0.0163 0.1924 0.8740 0.0153 0.0009
2-Hydroxy Benzoic Acid
A i
4RERT M . . 0.1692 0.6233 0.2438 0.3714 0.1683 0.6687 -0.1353 0.0726
4-Hydroxy Benzoic Acid
LI . 0.1376 0.4122 -0.3060 0.5851 0.1287 0.3911 0.3915 0.6082
PhenylethyL.-Amine
JE Bl Putrescine 0.1625 0.5749 -0.2565 0.4111 0.1529 0.5520 0.3356 0.4469

AT~ 1,2 435I F R R A 15 25 | 4%
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KU BRRRAG  JR EEE A S S A T, 3 ) Tk b T R B S, A SO AR IA R I TR O, K
JiE 55 R AR AN AR AR IO AR DG HE ik 2R ol TR ARG A U2V 2 5 O M0 R RS 801k
S AR RPE ] P B AR R R] LB R R R B R AR, TGS O fbor ™ HE R, i K 34575
DeMre BE Y AZ A UBTAR B AZ A B s BOR S 5 W 1 JA R S5 7 0l T R Ak R T 2, 0, 5
ACRE A A B 74 P 9 1 5, K5I DS A S A 583 A 25 4 FH A 25 R (8 B TR S0, A PP S s A2 17 A
ikt O ALl AR AR ATt , O, B R A T 55 QB S 0l 583 B2 1 JH B89 2. 38 A 1 AN TR 2 7Y
AR ) A e T 3 R i S WIS R RIS B M AL S FE g, AR IR0 5 O, BERUES & BEMINR O, WS BRI 7
figt BRI, O 5558 S5 Z IAFAE DR G AR

E A P IR AR AL R R 52 B MR | CO, IR R BERRIK SR R R 1 29, 0,
VAR g RV AC LR 0 55 R S P 5 2 83 43 25 R 3 ) AR (8 A B 30 W e 0 114
WA O 45 A FHAR S 38 0 S8 F A Y AR AN TR AR A7y 2 S S 38 PR AN TA] 3R] RE 2 R SR W S B A 45 2R .
TR AL AR A 25 R G A W e S 45 2R (8 T 52 20 PR 04 A 2 {5 B A 24, AR S A B R s i) I
JEE 1 O & B2 T et A FH 8 S0 0335 X SR E VR SEASREREA T/ N RURE 1) R RUBE A HE S, DR O 1S [ ) I
(] U - SR A= 0k R AR A A A i oz P REAR AN — 2

RAIEG AT R AR P S W) Z2 A R ) S i e d ao AR A A R TR A 0 A5 2R AN BE R A )
KRR, EHEE YN ER R T RRCE, HAAER SRR 28R L L3RR W 2R R B
Wi 7 S A AR A R B A O . R PR SRl I T AR X O, W, INEE T 0,053, O Wk BE T 55 K FH
SRS B0 B2 ELAE PR 1 %) SRR B i A i 1k A

PO W% DIRE 2 RENE A5 BB 35 A2 Ak, BT O B AR AR 5 K B 6 S Dk 58 7 A et 38 P 352
AL T IEBUE Y R S AN DI RE AR, B0 R AR BRI [B] RUBE b O, e J3E T i AR A oY 4 S il 55 3 - 4
A Z R BRI, RIS ST 9E

4 #ig

(1) Oy SRR FH AR R 8055 26 5, b S B W A 1R e, A [ 2 R e 5 1) i S R M i
TR,

(2) FRGT 55 20% F4 R Z2 A PR IR A 70 A S 2B 50, (L5 O, 855 I RE IR T O, X 5 5 53 1% £4
MHER, O, SR Z BIAFAEUFI DGR o O, MR N5 K PHAR S el 52 &8 5t 1, WS VAl R I IS 11 70 fifk 22
SR

(3) O BRI PHER WSS 26 1F T RAERUE UL 50 B2 5 B 2 B8 B AR 108 h A
FEARA A VRIS A A D RE AR AR R P B W S
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