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that arid and semi-arid ecosystems have received considerable attention in recent years, studies on the patterns of soil
ecoenzymatic stoichiometry and the relationships among soil physiochemical and microbial community factors are still rare. In
this study, we investigated the variations of soil physiochemical properties, microbial community composition, and EEAs by
comparing soils in dominant shrubs and in the shrub-interspaces at four sites ( Lianghekou, Feihong, Cuoji, and Moutuo).
These study sites were expected to differ with respect to the level of water stress along the semi-arid valley in the upper
Minjiang River, Sichuan province. The patterns of ecoenzymatic stoichiometry of C :N :P were different in the semi-arid
Minjiang River valley as compared to those in the global pattern (C:N:P=3:2:2 vs. 1:1:1). Overall, there may be some
degree of nitrogen limitation of microbial metabolism in this semi-arid region, which was supported by the relative activities
of B-glucosidase compared to B-N-acetylglucosaminidase + leucine aminopeptidase and [3-N-acetylglucosaminidase + leucine
aminopeptidase to phosphatase. The different patterns of enzymatic stoichiometry between the soils in shrubs and in the
shrub interspaces were not obvious. However, the limitation of C, N, and P resources in each individual site was somewhat
site specific and may be due to the soil water availability. The two relatively drier sites ( Lianghekou and Feihong) were
more constrained by nitrogen availability, while the two relatively wetter sites ( Cuoji and Moutuo) were more constrained by
phosphorus availability. The variations of soil enzymatic stoichiometric patterns were affected by nutrient availabilities and
soil water content as shown by the Pearson product—moment correlation analysis. The results of stepwise regression further
revealed that the variations of enzyme ratios, such as C:N and N :P, were driven primarily by soil water content. Soil water
content was positively correlated with the C :N enzyme ratio and negatively correlated with the N :P enzyme ratio. We also
observed that arbuscular mycorrhizal fungi ( AMF) and the fungi—to—bacteria ratio positively correlated with the C : N
enzyme ratio, but negatively with the N : P enzyme ratio, which may imply that the enrichment of fungi and AMF
communities will benefit C and P cycling by influencing enzyme activities. Our results suggest that any predicted decrease in
soil water with climate change will probably further constrain the availability of N and P in this N-limited ecosystem in the
semi-arid region. Moreover, this study also highlights the important role of fungi and AMF communities in meditating C and

P cycling in this semi-arid region.
Key Words: Minjiang River; semi-arid river valley; ecoenzymatic stoichiometry; nutrient availability; soil water content

TIPS ST 3, LA C NP A5 5% 3 T8 2R I ORI 52 380 PR 458 v 1 - 98 i A1t 1) 7%
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JUT AR B-1,4-N-Z BEHTHHZ MBS (B-1,4-N-acetylglucosaminidase, NAG) ; 7K 85 i 122 BK )
SeE TR A FE RS (leucine aminopeptidase, LAP) ; 7 {43 HL#E 0 BR M ( S il M) WEBR B (acid or alkaline
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TR RA IS R G0 il A 25 R G 0 A AR A, o R Rl b SR Y 41% , K ECE IT 38% A
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Table 1 Basic characteristic of the four sites

FE b L 27 B DL HE AR

Sites Latitude and longitude Altitude/m Selected dominant shrub species

LH N 31°50'27.7" E 103°42'1.3" 1730+12.5 INEL AL B ( Bauhinia faberi) ERATE (Artemisia gmelinii)
FH N 31°47'56.0" E 103°44'17.1" 1741+7.1 BeArE I H R4 (Ajania potaninii)

cJ N 31°42'7.5" E 103°51'45.5" 1832+6.4 BRATH 2 AE R ( Pulicaria chrysantha)

MT N 31°32'5.1" E 103°40'7.2" 1695+7.1 BRI JEIRIE ( Caryopteris tangutica)

LH. #im Lianghekou; FH; KHI Feihong; CJ: R Cuoji; MT . 223E Moutuo

1.3 SgUrik
1.3.1 s rE e
+ 35K & (soil water content, SWC) K H 105 CiELEMET 24 h 58S ; pH (B R FHER BE TTHE1 700 22
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(+:K=1:2.5) ; BA (total nitrogen, TN) KFHICR 1L (vario MAX CN, Elementar) Il & ; 7 %0 &K FH 0 i
P H02: (available nitrogen, aN) ; T3 HLEK (soil organic carbon, SOC ) 2K FK IR 70 & #% R A0 AL Lb o 20
E 3 S (total phosphorus, TP) >R H HCIO,-H,SO, 18 & -SABHT b (A 1k | 4L 843 BT 1 ( AutoAnalyzer 3, Bran
+Luebbe ) M %€ ; /%MW (available phosphorus, aP) R NaHCO, 242, $AE6T L (A% A5 X I 3 3L ACHE b
PRI 2 BN

1.3.2  HIEBUAEYITETS PLEAs DIl

PLFA (42 HURIZE{L 2% Bligh and Dyer 35" | EHLATH 1 ml & AFRY) 19:0 1 1F CBE f T (19 i 1
12 H1 g , AR5 BEAT GC-FID (Agilent 6850N) A5l , [ /i 1 & 1 i i 2. Sherlock (/L4 %€ R 48 (MIDI
Inc., Newark, DE, USA) SRYE5E . PLFAs & LT 19:0 AR, 200 P AL IS RRAE B T 20 BE/R E 40
(mol%) Fw KT 1% HAEZHREMHEA AR . 47E (bacteria, B) Ll 14:0,i14:0,i15:0 ,a15:0 15
1wbci16:0.,16:1w7¢ 16:1w9¢ ,i17:0.,a17:0 17:1w8¢ . 16:1 20H ,cy17:0.,18: 1w5¢ ,cy17:0 F cy19:0 C11-12 55 15
FhAE R /R > 2 BT (fungi, F) JH 18:2w6c JEMT B2 AL >, MR EH (arbuscular mycorrhizal fungi,
AMF) L) 16:105c FR2  EEAE L (F:B) JH fungi 5 AMF [ 5 bacteria, BFFEIX 5 13 PLFA £ %
KRS RINR 2 PR,

1.3.3  BIEAR RGP 2

PUFH G 4 (BG \NAG (AP il LAP) f9 I E 4R I 96 SCFL bR AR 43 Birids > BAR IR AR 1 g
fif - 25 800 mL [ LIHERRH, LA 125 ml, 50 mmol Y Tris 22 438 (pH (A ZE A4~ 10 mx 10 m £ )5 9 F-1
16,2909 7.5) ,WIEED 1 min, flTH/GEEB RS (Eppendorf) [1] 96 FLEEFFRHL PIIA 200 wL +3EPF K (8
AEE) , BARERAL (Sample wells) HUIIA 50 pL,200 wmol/L fHILIEHE (BG SR FH 4-F1 3 T FRk-B-D-Ml
I HIBERR T (4-MUB-B-D-glucoside) “NJEEY, NAG SR H 4-H SE 0 i f5E-B-D-ML i # B AR 1T (4-MUB-N-acetyl-
b-D-glucosaminide) A I #), LAP R H L-4% & R- 7-& K- 4-H B FHF T KM (L-Leucine- 7-amino- 4-
methylcoumarin) “AJEEHY], AP 2R 4-H AL FBERR TG (4-MUB-phosphate) MKW ) ;45 HFL (Blank wells) H
JIA 250 WL Tris 2% w3 KEA 2 HI 4L ( Homogenate control wells) HITA 50 wL 22 M F1 200 pl + R ;
FLIRPEHIFL (Substrate control wells) HIA 50 wL JEJEEE A 200 wl Z2wpik . prdEdhZi & . XHE 0, 0.5, 1,
2.5, 5,10, 20, 30 wmol/L 8 Mk FEREEE MbRE M2k (Hirh  LAP WdnifEth &Mk EERREEICE M 0, 2, 4, 8, 16,
24, 32, 40 pmol/L) , ZFEFriEfL (Reference standard wells) JIIA 50 wL AR#ER AN 200 wl ik (8 TEE) ,
PR FREFL (quench standard wells) FPIA 50 L FRAER AT 200 wL BIFHK (2 MEE) .

FITAT AR AR SR 9 20 C B FRAE TR SR 2.5 h, (T ZINBEREARAL (SynergyH4, BioTek) #4775
WE . AL A BIERA LA 10 pL 1 mol/L % NaOH ¥, 1 min JG#EAT9ECK, MUB H1 AMC 7E 365 nm
WAL TE 450 nm AR ZEOE , BEE AT AX 1 iR .

Activity (nmol h™'g™") = (net fluorescencexBuffer vol )/ ( exHomogenate volxTimeXxSoil mass) (1)
Hrp net fluorescence (#§t%¢ JG{H ) = [ (Assay — Homogenate Control )/Quench coefficient ] —Substrate control
Quench coefficient (K Z%L)= (Quench control — Homogenate control) /Standard Fluorescence , & N¥EKFRIE
M RPE  Time R EFFREFE], Soil mass (g) A HIEFH PUAFEMIE N5 25 b R PR W38 2,
14 Bl

C:N B PE L  3fId BG 1 (NAGHLAP) 145, C - P MEG PR LU, il g BG : AP 355 N - P B 5 LR HI (NAG
+LAP): AP T B P A 2 ) b 3 A AR T LA 22 SOR TR AR A L A S
P LR [ R i ] f) 262 5 1 3R R R 7 2550 H7 ( One-way ANOVA) | 454 SNK Z 3 e ik b8, DAL
ST L T AR 2 IR AT 25 55 Bt A 5

5 FFRAE =5l 515 ( Standardized major axis, SMA)#£15F BG \NAG LAP il AP 4 Fhf G2 [RIA K R, LA
Foax o RAEAN R RE 2 [8] DL Ko N 55 2 b 2 [8) 1) 728 5, s o 325801 (01 S A L 5 d5c /N — 36 125 ( Ordinary least
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squares, OLS) [A17 | BEMGE FF X A Y (ff B AR & 5 10 A8 &) YR BENLAYTE >, SMA B A R 3.0.1
A smate” FE AL H B sma” PR, % BREAC A 36 A TR b 2R 22 () 1) 22 S )

F2 MAHi, Sh5EN T EEARELMR MEYENSEMESEEE(FHE, X E n=15-18)
Table 2 Soil physiochemical properties, microbial community variables and extracellular enzyme activities in the soils under shrub canopies and

in the shrub—interspaces ( Gap) across the four sites ( mean, n=15-18)

- AR soc TN TP aN aP B F  AMF BG NAG LAP AP
Sires Landscape SWC/% pH
types /(g/kg) /(mg/kg) /% (/nmol h™'g™!)
LH 25 4 447 804 2391 258 059 71.47 1054 47.65 2.59 272 13589 8.96 241.07 185.68
N 518 8.05 2459 289 058 92.49 12.10 45.18 451  4.02 188.29 11.42 271.77 242.73
FH 254l 11.09  7.65 2371 292 043 10572 22.56 49.76 2.99 3.26 188.38 10.20 358.66 200.36
TEM 11.83  7.61 27.08 3.21 0.44 12043 17.10 49.16 3.89  4.07 225.32 14.89 379.10 265.14
cJ 253l 16.21  8.06 36.01 420 0.49 144.09 29.21 50.77 4.64 4.54 219.47 14.17 255.57 336.21
T 18.60 7.98 36.53 4.23  0.50 140.86 32.79 48.75 524  4.49 228.55 15.12 25322 383.49
MT 25l 17.46  7.28 29.57 295 0.35 79.35 7.32 4777 287  3.45 160.51 11.93 169.42 309.79

TEM 2371  7.33  36.19 3.87 039 143.84 17.05 47.53 3.71  4.82 352,52 22.64 299.15 507.28
SWC: I /KE (soil water content) ; SOC: HIEAHLEK (soil organic carbon) ; TN A% (total nitrogen) ; TP i (total phosphorus) ; aP:
F %% (available phosphorus) ; aN: F 4%\ (available nitrogen) ; B: ZH# (bacteria) ; F: B
fungi) ; BG: B-1,4-H#5ME T (B-1,4-glucosidase) ; NAG: B—1,4—N—Z4M%ﬁ’ﬁ*§ﬁ (B-1,4-N-acetylglucosaminidase ) ; LAP; %% % /2 % £ ik
fifi (leucine aminopeptidase) ; AP B EWERRAE (acid or alkaline phosphatase)

R
T (fungi) ; AMF; HHRERE (arbuscular mycorrhizal

R — AR R B PR TE (PR TS PR LB 7R ) B LI BUE YA 1 3ROV T Pearson AHIC BT A
5 1 H S A B ORI B E B RN T Z B SC R, T ZATAIBETE 3R i o IX s
TR (SWC) Xt S A e v 2 A AR A5 G A A T B, FRATT 138 28 Bl A, DU
SWC 2 A5 L K B G P L B BN 7

2 HR55%H

2.1 AN[RIFEHbE] A PN E N5 s ) A 3 A S L AR S

TN 2 e N R AR e (Rl R LA B 25 5 (R 1) o R ok, CJ A MT HAA M 85 19 BG -
(NAG+LAP) [ FIHEARE BG : AP FI( NAG+LAP): AP {8 ; LH #l FH B AT AHXEARAY BG : (NAG+LAP) {E AL
1 BG :AP FllI( NAG+LAP):AP {H.

FEHLIN , HEN S 25 22 TR P L i 22 S22/ 2 (T8 1) ,BG : (NAG+LAP) 5 BG : AP {U7E MT K i
WEZES (NAG+LAP): AP tHAXFE FH KB B E 225
2.2 R[EIBEHA] R P A SRS M S 40

SMA [543 228, #4A | In(BG) 5 In( NAG+LAP) Fl In( AP) Z [A] 4 % 511 28 M4 )¢ 2 ( Slope = 1.516
(*=0.291) & 1.049 (*=0.579) ), T In(NAG+LAP) 5 In(AP) LB 2L LR (E 2) . E—H a0
FW E AT TS b b IR G PR 2 A AR R RER Z R e 22 R, H S SRR R A B2 S
(K 2,%4),

XTAAE - A S HEA T I SMA [B1J5 430 28 B A b 22 [0 il 15 P LU b3 i 22 5 £ 28746 T LH FH Fil CJ MT
20, XFF In(BG) vs. In(NAG+LAP) , FH #Eufl SMA (719445 55 T CJ BEHUFIE AR Y &1 (Slope =
2.516 vs. 1.326 & 1.516) ; X} F In(BG) vs. In(AP) ,CJ Fl MT FEHLAARREL B E 19 T LH BEHALE AR 10 R
F(Slope=1.659 & 1.756 vs. 0.942 & 1.049) ; Xf T In(NAG+LAP) vs. In(AP) ,LH il FH FEHb YRR i Z KT
CJ I MT #%:45 ( Slope =0.494 & 0.548 vs. 1.251 & 1.217)
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B1 AEEmE EMAEAS ST RESHEEIL TS (THEAFEE , HEXE n=15-18)
Fig.1 The variation of soil enzymatic ratios in the soils under shrub canopies and in the shrub—interspaces ( Gap) across the four sites
(mean * sd, n=15-18)
BG: (NAG+LAP ) /R R BB IS P L ; BG . AP R BRIEAGIG VL L ; (NAG+LAP) AP F/R R BEEHIG PE e, LH: Wi 11 ( Lianghekou) , FH: &
UT.(Feihong) , CJ: #RFE( Cuoji) , MT: Z24L( Moutuo) , &1 H1/ING FREF IR AN [RIAE b ] 25 Hhy 7 - 398 M SMBEE 14 HOA7 7 0 3514 (P<0.05)
# RINTEN 23 i) A SN AR At LU AP 35 25 5+ (P<0.05)

®3 FEEMEEA TP T EESHEEXRNRETRI N
Table 3 Standardized major axis regression of the relationships between soil extracellular enzyme activities in the soil under the shrub canopy

and in the shrub-interspace soils across the four sites

; v N 95% {7 X [H] .
i B . e PEfR i
- r P 95% Confidence
Enzyme activities Samples Slope . Intercept
interval

BG vs. (NAG+LAP) o 0.291 0.000 1.516 1.300—1.768 -3.28
ZS b 0.325 0.000 1.353 1.078—1.697 -2.36
TN 0.151 0.001 1.764 1.401—2.219 -4.71

BG vs. AP o 0.579 0.000 1.049 0.931—1.182 -0.637
Z5 b 0.484 0.000 1.033 0.847—1.261 -0.586
A 0.589 0.000 1.010 0.859—1.188 -0.384

(NAG+LAP) 5 AP Z[MJCRFLRVESFR , W RTER PRI, IR 25 In Fefb)m i gl

2.3 FEURBETEYE AR A N

2.2 WS HT R AN ZS b - S A AN TR 1 LU ) o3 A B TC B e i 25 S DR OR AR Y R O 4 B A [l
43 BT R VE A 25 M R — A AR IEA T 4387, Pearson MH5E43 T2, In( BG) :In( NAG+LAP ) 5 SWC ,SOC .C
:P AMF \F :B TN N :P %5 [N T #RR I W EIEM G R (R 4) . SR IIE, In(NAG+LAP ) :In( AP)
5 SWC.SOC.C:P N:P AMF F:B TN ZEHF 2 B E M AACER, 1 In(BG) :In( AP) WK 5 AW 5%
HATAT R TR B A e R

PE— 1932 1A 20 M7 2B, SWC .SOC  AMF TP Al C :P FL[Ef#FE T In(BG):In( NAG+LAP) 50.27% 1

http ; //www.ecologica.cn



18 # Frkvk SRV E T R A U AR A S A A T R R AR 7

6.5 —

6.0 -

55

In(BG)
In(BG)

450

40 =

6.5 —

In(NAG + LAP)

In (AP)

2 AEEEME T3 C NP EBiEE 2 B A AR AE E 50 E T 547
Fig.2 Standardized major axis regressions of the C—, N—, and P- related soil extracellular enzyme activities across the four sites
P LR R RN SE B3R R B A (REAR it n=65) 23 L (REAS i n=57) FIATR BN (REAS Bt n=122) By BISRLES 204, B 22 3 4K
SR (In) . BG: B-1,4- A EE (B-1,4-glucosidase) ; NAG: B-1,4-N-Z.BEHMEE WA (B-1,4-N-acetylglucosaminidase) ; LAP; 5
HIEILNKEE (leucine aminopeptidase) ; AP Bl PEHEFREE (acid or alkaline phosphatase)

s S Hid SWC  AMF H1 C :P AR KR 1 Hirh 28.05% 24.38% 1 21.82% 78 5 | AR A & /0 i AT R I 3R
9 SOC W H ke 1T HH 14.6% 1972 5 . X In(NAG+LAP):In(AP) ,SWC N :P C:N Fl F : B [ fifp £ T
51.56% )78 5, Hh SWC Bl B A A T Ho 41.26% 1978 5, HRJE: NP LU CoN B, 4 IR RS T 27.33% A1
22.47% W78 5, TMXF In(BG):In(AP) ,C :P WM —HAT i Z 52 ma iy X, i B 17 9.38% 128 55 IR 7
FRHTH I KRBT Z B E WL R,

R4 TRESEELS TR RS R E K E FE Pearson 1% 54T

Table 4 Pearson product-moment correlation analysis of the relationships between soil ecoenzymatic ratios and soil physiochemical and

microbial community factors

Enzymes [iff SWC pH SOC TN TP aN aP C:N C:P N:P B F AMF F:B
In(BG):In(NAG+LAP) 053" -0.15 053" 034" -009 030" 025° 012 0447 0347 008 029" 043" 037"
In(BG):In(AP) -0.18 0.16 -0.11 0.00 025 0.12 0.21 -025 -022 -0.14 012 002 009 0.02

In(NAG+LAP ):In(AP) -0.62** 026 -0.57"" -0.32" 025 -0.18  -0.08 -029" -0.56"" -041** 001 -027 -034"" -034""

In(BG) :In( NAG+LAP) F/R B AR L 5 In (BG) :In ( AP) F/R BB RS TG 1 LU 5 In (NAGHLAP) 1 In (AP) R BRI PE He s € N TR
(carbon to nitrogen ratio) ;C:P B LL (carbon to phosphorus ratio) ;N:P & M§EL (nitrogen to phosphorus ratio) ; T[], P {HRF” holm” L V4% ; =
il 43346 R B35 (P<0.05) I B3 (P<0.01) A6

3.1 FEIPR
- HEEE o A WL A T S R AT LU AR R R R — e M E s B Ak
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B |, 3% BG : (NAG+LAP) [t ol 1.41,BG :AP 5 0.62, (NAG+LAP):AP [t 0.44 V) ABF5E X
BG : (NAG+LAP) f-FEIIE R 0.73 B /T 1.41 B ERFEIME,; (NAGHLAP): AP (JSFXI(E A 1,15, th i %
(7 TR (1,15 vs. 0.44°7) 0 BRI X IR - HER R BT AT HE 0 04 N it IO A R A (3 T 4Bk
RUEE) , T s a/Ftho AN T Sz e T 398 N ST R AT Z | (A3 G 75 2 AR 7= B8 2 10 N 4 fde il , LA 2 5 &
R FEE, DAERIBESE A i IX K 53 F0 P2 BR AR P A A 0 58— Ao — R R i N JUJC 8 35 1)
BRAIVEF > (0 T X IR 2B ST X6 (0 R A , e = Xt A AR PR IR (0 B 9, AR
WFFE A S AL 25 T2 00 B O IF TR IR YT 0] 25 FE N V% = 98 A o A AR % BR e PR 7 4t T
—N3%,

x5 HMIWESHETELETROTIEYELEZNMEYRFHZRSERESHT
Table 5 Stepwise regression of the soil physiochemical and microbial community variables that have significant influence on the variation of soil

ecoenzymatic ratios

J3 754 Response Variables % [ 9 i 2 L g AR Bt Selected Variables PR 2
In(BG) :In(NAG+LAP) SWC soC AMF TP C:P Adj r?
FHXTEELE Relative importance/ % 28.05 14.60 24.38 11.16 21.82 0.5027
In(BG):In( AP) C:p 0.0938
In(NAG+LAP):In( AP) SWC N:P C:N F:B

AR EEAE: Relative importance (% ) 41.26 27.33 22.47 8.94 0.5156

A FEHAE BT , LH A1 FH 2 DR YA KA N BRI/E H v BB T 28 (BG : (NAG+LAP) = 0.60
& 0.54 vs. 1.41; (NAG+LAP):AP=1.34 & 1.79 vs. 0.44) , 3% 2 MEHLAL IE BAHFSE Fh 2 AN AT B 540
FEHL, MF 2 FlL Al A LH 1 FH 2 e TN FaN WA X8, T T4 BE il B a N ARt
AR K A3 A5 B8R (R 1 — 2D BRI 38 A 773X 2 A b AR T BT 8 60 NORRIPE ikt T ASBIF 9 rhoRE X 2 i £
CJ FI MT FEHb W% LH A1 FH ELAAFEXT AR B BG : AP 35 R K 19 ( NAG+LAP ) : AP T 1 [t 3 13 B
CJ F MT FEHBISAE ) R K T REAETE—E 1Y P BRI

T HE N AEAE  HE N T3 1 3 mT ISR IRUCHE Z i A DL A (PR 759 AR R -4 ) 4w+
SRR NN — 25V E F T I 6 1 DL TR PR A o ARG R A AR LA 7S bt SR
TEPE LG Z (B JC 35 22 55 (HAE MT A1 FH 2 /SAE Mt UL 20 A0 BB ERT (B 1) o MT FEMEE N R 38 &9 C
:N I C P TGP L SO 1 s b - 3B RUE WA X TE S B NP D RE A HE ; FH AL S P B S N P
it 6 L, A s 25 25 b 3R W R S G N SRR RE R4 (AHX T P) . FH M2 i 4% TN Fl aN 5 3
HRO AR THEA I (TN 2.92 vs. 3.21 g/kg,aN:105.72 vs. 120.43 mg/kg) , i TP W JL-F- 5 3 M\ 4 HEAR %5
(0.43 vs. 0.44 g/kg) ,aP SHHE 5 THEN I (22.56 vs. 17.10 mg/kg) ; X7 T MT FEH, 25 H1d + 4% TN aN
1 aP #RA o E A TIE A -3 (TN 2.95 vs. 3.87 g/kg,aN:79.35 vs. 143.84 mg/kg,aP: 7.32 vs. 17.05 mg/
kg) o IXEEFEITGEUR B e BHR AR — 20 Al T IRATR RN, RS Hh SOC WAHEMN M IK(FH & MT) ,{H
AL NP ki, SOC T 4 8 AE 4 ok i T RS2 AR X Fe M 1Y
3.2 BEEPEC RRHE

SERNE b, C NP SV LRSI 1101 AOREESE R IR T C N P IR Z A — Rl A 2 R
AT A FIFEHLE] C N B SMA [ 5303 00 255 T 2R R 1Y C N FEE SMA [543 ( Slope =
1.5 vs. 1.02) , T C : P P [ E &R 5 48k KRB A 24 (Slope = 1.03 vs. 1.04) ,C :N : P FgEPE LR ECh
31213, K R M T RYT T S A H X AR XA [F] Y C NP JEIRRRE

FEHIIE] , FEN 25 A A A S M AL 2A PR A AR U (1 2) 35 7n E VE NS 25 s - 3B € N
P 7oRAN C N P AP AR RIYE , 33AT DA AS A b B DA 55 25 i 22 1] SOC TN T TP 55 28 Al /N 22 5345 5|
(% 2) , P, UL IAAA SR iR (1) A 1R8I 3k, e AW R NS 251, 3 2 N FE Y
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BRI FOE RS A7 AT R 1 T A 2% ) B I 45 5 LG GRSk BT T R 1 R A 5
i T RE AL P Bl % 1 Al 2 F AR

3.3 S B A 2= R R AR Y L AR P R T

R LA A2 4 C NP IR A SR IR . ARAFSE Y, £33 C N 5 BG 1 (NAG+LAP) Z
B A FR B S AH G, 3 CoP 5 BG - AP {U R SFIWIEAHCIC R MEA 14 NP L5 N :P [l M tb =3
AR B S A SE S R, — 5 T, X B U I - G 1 U AN REAR S b S e 3 ML W e R AL, T3
ok HF R, FOR TR0 2 0 R A Y AR R e R AL, 1 — i, Hofh 3 )
g Al AR A PR s R ARG LU 04 A8 S A O SR F A R e, TS 25 1 TG 4 b 5 - 80 R AU AR DG 1
F8 b, MR, SWC . SOC TN \C :P AMF DL J% F:B )5 448 C:N Fl C :P BEEE S 0 E e X
6 B S [ K Bl WG PR LU B oA . SR AT b B Y I BN REAR 4 MR R C P IS MR LY
AR5 i X PR SR A IR R T AR R SR AR I e (A R, R AR O LR A3 E) 3 A OGS
AR FU R C 2P BEEE AR S

AHFFE FEAE T FRATAOEE MBS . IR ML T R AR S 5 C N P FR A S Z I R &R
ZE L HORARERN A . B EIE T SWC 20 BG: (NAG+LAP) FI(NAG+LAP) ; AP 728 5 ) ¢
FERTF, FE L, BRATLL SWC AE MY AT R [EH 73087, SOC . C: P N P AMF %5 56 L 2 35 A G
4 PRI 1) S 2 P AR R B Ao 0 B PR (B R R ) o X T K 43 AR AR IR VLT 5T A4 b X
FEATER PR EMEAERH . SWC 5 BG: (NAG+LAP) B IEAHICIER 15 (NAGHLAP) ;AP AR, H]
SWC IFEAK, C o N BEE M FURRAIR, N PGS M LT, NI 6 BA , SWC A BEAIR , K 5 i N 43~ ik JG G 2 1) < H G
Fhm” o XEVFEF TR T N A e I 53— 7 T B T 22 00 R LR W AR 43 9 R T
AT —FPIIRE A48, N 43 Ff TS 1 1 < AR T v ™, sAF S W T 2k W 7 B B8 2 (A T e R 48 5% 1) N I B R
b UIMERR A B CoNGP AR ASEAT . NFE 2 HRaT L LH R FH 2 NAHA T 5 A0RE L, H N (A R o A
FRAK, SRR AN, AR A AR AR X 52 A 28 R Gt Jn 7™ = 9 1 7, 230 R iR 3 T v L R R ok 2> o
TSR BE R RE AT BB AR S AT R T, o T A R ek T2 i 8 X AR () 56 2 9 it i
M HI BRI, C N P IR AT RE 2 R AL MR A B4 5% BRIt FRATA B R 0, AR A AR AL, e 1
ot T PRk a0 — A0 BR SRR YT S AT 47 X 18 N A R | B SR AR X SR € NP FRFR IR A R A&

A ARG M A 2R B AT D e Ry SR IR A O A 0T LAFE s T A T S5 A N R A T
FIAEAEE S A AT BT ARLE A [F U A4 SR  AMF F . B 1G5 6 1k L2 B AH G, Hoh AMF 512 [ SWC ),
M BG: (NAG+LAP) B S YR LB K 1 (R 4 & 5) . AWF5EH AMF #1 F:B 55 BG: (NAG+LAP) £ BLIEAH
X, 5 (NAG+LAP) : AP 2B GUAI S, 1] Bragazza X5 i AR Pt & B, C . N M1 C. P B IS PELUBE F. Bt
(R T pe v TR, T N PR R LL I BE S BB AT mi AR U A A R T 6t A ) AR Al R S U 2K
BE RIS AMF AR & 44 R T BG BEFT AP BEEPERO I 45 . BFSSOR R0, AR TAH A H R
) CEIRTT R ™ 2 1 NP R s, B AR K S 2 8 PGB DT (R (5 B 5 A= 7 T 22 1 B 1R I
DIZRBCE 210 P 435 45 N P BSEAT, DRI, ABFST 4 R M T + 3 H R SRRV T S 4 X C P 7
A A, Rz TR T AN D B AE IR VT T 2 45 M X N R rh i s AR A, X 5 #o0 ot Bk
VKB5S 25 R — 2Ry
34 EWIRIA R

AHFFE R, AT A VLI B AS R R RBE [, N P G M2 (8] B 3 R R X e — R L FRAIG
TIRATET CoN:P B AT HEAETHE RO . HE KRB W A H—  In(NAG+LAP ) AT REA & 3K
TIE N A3 B ME RAFaAR . AR 2 Fhnl L, NAG i P AH 6 LAl 3 il 0 P (3 5 9K, ATTT In ( NAG +
LAP) 3% LAP B2 R K, H5 BG o AP F& MM RE LR, A 5 LAP Fl BG 5% AP R —2; X
X 4 FPEETEVE ARG/ TR NAG (BG Fl AP 3 PG M 22 [A] A B A 35 10 IEAHDCOC R LAP W 53X 3 R
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TEPEZ I TC I A E R . Sinsabaugh SF X 43K 24 A28 R G0+ HERIE M0 325050 538, K B LAP 2231
5 NAG . BG Fil AP BRI FEAE " 55— 1, 3 s L4 A0 J5 P9 A R SR vk A 6. NAG
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M 255, ATRERE B T LAP 5 HABRG 15 2 8 Y R 5
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ABIFFE S T UL ST A DX SR PE AL~ T B AR AR A AR X R S, AT sl T P 1l
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