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Characteristics of soil microbial biomass carbon, nitrogen, phosphorus and

enzyme activity in four subtropical forests, China
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Abstract; We selected four forest types, comprising of Cunninghamia lanceolata plantation ( CL), Pinus massoniana-
Lithocarpus glaber coniferous-broad leaved mixed forest (PM-LG ), Choerospondias axillaris deciduous broad leaved forest
(CA) and Lithocarpus glaber-Cyclobalanopsis glauca evergreen broad-leaved forest (LG-CG) in Changsha County, Hunan
Province, in a mid-subtropical hilly region of China. Five permanent plots (20 mx20 m) were randomly established in each
forest type. Soil samples (0—30 cm) were collected and divided into two layers (0—15 and 15—30 c¢m). Soil microbial
biomass carbon ( B.), nitrogen ( By ), phosphorus ( B,) and activity of Invertase (INV ), urease ( URE), acid
phosphatase ( ACP) , catalase (CAT) were measured, and variations of soil microbial biomass and enzyme activity and the

relationship between soil microbial biomass, enzyme activity and chemical properties were studied. The results showed: (1)
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soil B, By and B,, ACP activities were in the order as follows;: CA > LG-CG > PM-LG > CL, both INV and URE
activities were in the order as follows: LG-CG > PM-LG > CA > CL, and CAT activity ranked in the order of CA > PM-LG
> LG-CG > CL, indicating that forest vegetation restoration had a significant promoting impact on the soil microbial biomass
and enzyme activity. Path analysis showed that the direct and main influencing factors for B, were SOC and TN/TP, for B,
were TN and TN/TP, and for B, were TP and SOC/TP. However, TN/TP had a strong negative effect on B, and TN had a
strong negative effect on By. The direct influencing factors for both INV and ACP activities were TN and TN/TP, of which
TN/TP showed a strong negative effect on both INV and ACP activities. The direct influencing factors for URE were B,/TP
and B, , of which B, showed a strong negative effect on URE activities, and those for CAT were B./SOC and SOC, and also
both had major positive effect on CAT. Furthermore, the residual path cofficients of soil B., By, B,, in addition to INV,
URE, ACP, CAT activity were small, impying soil chemical properties had a great influence on soil microbial biomass, and
soil chemical properties and microbial biomass had a great influence on soil enzyme activity. Significant positive correlations

were found between B, By and B,, and between soil microbial biomass and soil enzyme activity.

Key Words: Hilly area in central Hunan Province; soil microbial biomass; enzyme activity ; Cunninghamia lanceolata

plantation ;secondary forest ;forest vegetation restoration ; path analysis
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AT AN [) R B B R ZEL Y 4 Rk . (1) HAZ AR B — B I A6 Ao 2H 80 Y N AR (Chox BEARHE ) 5 (2) 1 60%
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A7 ,0.5 mol/L NaHCO WE AR (K +Hb o 4: 1) | FHAR S b e s 4R b TP i, +4E B, = E,/
kyp (B, WHEZR S AR AL 1 TP Sk 250k, MR R E HUH 0.400)

T IERERERE (Invertase , INV) T PE 3, 5— A3 K R LE (1%, IR ( Urease , URE ) T 1 A 3 44 1L (4
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T +1E SOC(I TNTP) &

FH Excel 2010 Geit AN [RIARHE S 1= 2 25 8 b5 09 - BB AR M 25 . SPSS ( Statistical Package for Social
Science) 13.0 3R FA1 H ) PR 7 225387 (one—way ANOVA ) [ B/ . 35 2280 (LSD ) K 56 4 Fhopk s 2 8] |+
JZZ A HEAR A 22 53 W E L (P < 0.05) s FISUN R TT 22700 (two—way ANOVA) ZpHrbkits 5 42 Z AR 7F
TEACHAE I ] Pearson A5G REIMT IR BUE W)LY B 5 L IERES PEZ R AROCHE . 458 DPS7.05 #E47il
AT T R Y Y TR R S R A M R 2 ) B R R R AR R A, ) SigmaPlot 12.5 2%
il &1 5 12 2 rh B8 aha 280 0y P S s o i 22

F1 TRAMTENEFER

Table 1 Chemical properties of soils in the four forest-lands

LY T

Forest Soil layer/ ol f S0 v 1/ AV AP/ SOC/TN S0C/TP TN/TP
N N 0 (k) (k) (wky)  (mk)
CL 0—15 455+ 0.10Aa  23.00 £+ 42242 1.22£0.05Aa 023 £ 0.06Aa 50.52 + 12.07Aa 147 £ 038Aa  22.37 + 7.24Aa 109.62 + 49.384a  5.51 £ 3.31Aa
1530 490+ 095Aa 1898 +2.19Aa  0.95+0.14Aa 025+ 0.07Aa  40.80 + 5.45Aa 0.9 £ 0.11Aa 2346 + 12.82Aa 78.19 + 15.66ABa  3.92 + 1.53Aa
PM-LG 0—15 448 £0.16Ba 2720+ 7.74Ba 148 + 0.46Ba 028+ 0.03Ba  55.63 = 14.29Aa 229 £ 0.64Ba  19.26 + 6.72ABa 99.15 + 37.2Aa  5.38 + 2.16Aa
1530 457+0.14Ba 1780 + 7.76Aa  1.05 £ 0.36Aa  0.26 + 0.02Aa  36.12 + 7.93Aa  1.83 £ 0.64Ba  16.95 + 3.73ABa 67.54 + 26.24Aa  4.00 + 1.19Aa
CA 0—15 4.68+0.16Aa 2970 £ 592Ba 233+ 0.18Ca 032+ 0.02Ca 8247+ 1543Ba 352+ 0.18Ch 14.10 + 2.08Ba  92.52 + 16.01Aa  6.70 + 1.56Aa
1530 4.82+041Aa 2237+ 136Ba  1.57+021Ba  031+0.02Ba 70.89 +24.26Bb 2.91+091Ca 13.08 + 2.81Ba  73.03 £ 5.98Ab  5.80 + 1.39ABa
LG-CG 0—15 4.68 +0.094a 2798+ 791Bb 1.84+ 026 BCa 020+ 0.03Aa 67.18 = 11.65ABa 2.52 + 0.84Ba  17.62 + 4.42ABa 141.92 + 48.85Aa 791 + 1.71Aa
1530 4.65+0.1Aa  2224+7.05Ba 130 £0.10Ba 021 +0.03Aa 5032+ 17.04Ca  2.54 £ 0.83Ca 1677 + 1.71ABa 111.36 + 46.47Ba  6.74 + 2.84Ba

ARG F KR — T RRFMD Z B ZS BE (P < 0.05) ARVNGFRCER—MA AR L RZRMZER B2 (P < 0.05);CL: EAATH, Cunninghamia lanceolata plantation;
PM-LG ; 5 AR~ IR A, Pinus massoniana - Lithocarpus glaber mixed forest; CA ; 7 R 2 & - & 4K, Choerospondias axillaris deciduous broad leaved forest; LG-CG ; -7 [X] % 4% I8 -4k,
Lithocarpus glaber-Cyclobalanopsis glauca evergreen broad-leaved forest; SOC ; -3 LBk, Soil organic carhon; TN: 2%, Total nitrogen; TP : 2%, Total phosphorus; AN: /K fif#4 %, Available nitrogen;;
AP A 3B , Available phosphorus

2 ERES

2.1 4 FbR - Gl AR M A M R W A2
M TR 2 ATLUE bl 128 R0 1 B By (B, (EAKMES 12X 5 B, By (B, NFLER
FLHAEH (£ 2) o

*2 #Hih TERELZEEAXLTE B B H B, K NE R =54
Table 2 Two-way ANOVA table of effect of forestand, soil layer and their interaction on soil microbal biomass carbon, nitrogen

and phosphorus

e B, By By

Factor df F p df F P df F p
A 3 8.388 0.000 3 9.624 0.000 3 49.848 0.000
B 1 24.688 0.000 1 14.641 0.000 1 15.256 0.000

AxB 3 0.717 0.549 3 0.501 0.684 3 0.495 0.689

A B ilCEM AR 2R E, AxB M FRRPH Z M3 EAEM; The A, B represent forest type and soil depth, the AXB represent
interactions of forest type and soil depth; B i%fﬁﬁi%ﬁi%%@%, Soil microbial biomass carbon; By : T A EY R A , Soil microbial biomass
nitrogen ; By : 34 YA W) 8%, Soil microbial biomass phosphorus

WE 1 s, 4 Fidkil 0—15 em )2 B, By B, 73l i 480.50—868.40,43.80—157.50 Fl 4.94—24.19
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Fig.1 Soil microbial biomass carbon, nitrogen and phosphorus in different forests
ARG F B — L Z A T2 [0 ) 22 5 835 (P < 0.05) , AF/NE TR [ — b A ] 42 2 [l 22 57 535 (P < 0.05) ;CL: 42
AR NTM, Cunninghamia lanceolata plantation ; PM-LG . T FEAR-FT 5T TR 3SR, Pinus massoniana-Lithocarpus glaber mixed forest; CA . B R4 ¥ il
[& 4K , Choerospondias axillaris deciduous broad leaved forest; LG-CG ; #-5 X & %% & M- MK, Lithocarpus glaber-Cyclobalanopsis glauca evergreen

broad-leaved forest

mg/ kg, AL HAIEA 2 BEH N . CA > LG-CG > PM-LG > CL, H CA LG-CG 5 PM-LG .CL 2% B (P <
0.05) ,fH PM-LG 5 CL(B& B,4F) Z[H],CA 5 LG-CC Z[H2ZRARE (P > 0.05) ,PM-LG ,CA LG-CG [ B 4)
BIEE CL %5 14.33% ,29.52% .24.39% , B 43 575 11.52% .60.32% 1 45.31% , B, 53 5 75 152.14% ,237.93% F
205.30%, 15—30 em 1) B, By B, 33 7E 349.70—740.00,30.30—109.80 F1 3.34—22.95 mg/kg 2 [i], 254k
##E5 0—15 em 12—, H CL 5 PM-LG(B% ByZb) .CA .LG-CG 27 E.3 (P < 0.05) ,PM-LG 5 CA(Bg B,
AN R EBE(P < 0.05),5 LG-CG(BR BN ZRARE(P > 0.05) ,CA 5 LG-CG(BE BAN) 2R ARE (P
> 0.05) ,PM-LG.CA \LG-CG ) B 435kt CL 15 17.21% .31.50% .31.79% , B %3 %!l 5 18.89% .67.34% F11 49.
15% ,B, 53 555 178.08% ,372.09% 1 227.01% , AN[EMHLZ 8], B, 25 55K, HKJE By, B/,

M ATLLE 4 Akt 0—15 em +)2 B, By B, T 15—30 em + )2, H CL . PM-LG .CA +JZ[f] B,
#Z5SWF (P <0.01),CL PM-LG +J2E] By R W (P < 0.05) ,LG-CG 1 28] B, 273 B (P < 0.05)

2.2 4 Fhbkib+3E B./B, .B./SOC B/TN B,/TP [ 1A

MF 3 ATUE L, AR — 12 B./ByAF,0—15,15—30 em +)2 CL . PM-LG f.3& 5 T CA LG-CG
(P <0.05) ,fHCL 5 PM-LG Z[H],CA 5 LG-CC ZFAEE (P > 0.05), 4 Fidkih 0—15 em +)2 B./B 31K
T 15—30 em + 2, HEFAEE (P > 0.05),

4 Fhpkib Al —+ 2 B./SOC By/TN B,/TP B4 Ea#HAR] , 0—15,15—30 em +)2 B./SOC BfiE #RAMAE
BIRAE, SelG e B R B, B/ TN BEE AR B PR A, ST B RE1S &, 10 B,/ TP & MWK SR, B M sy . 4 bk
15—30 em /2 B./SOC B/TN(F& CL #h) 8T 0—15 em )2, 1 B,/TP WA UFAHZ {5 4 Fobkis 54> 1 )2
[/ B./SOC .By/TN B,/TP ZF¥IAWE (P > 0.05) (£ 3),
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#x3 4FMib1EE B./By.B./SOC.By/TN B,/TP KjtL =
Table 3 The ratios of soil B./By, B./SOC, By/TN, B,/TP in four forest lands
WP Forest type 1) Soil layer/cm B./By B./SOC/% By/TN/% B,/ TP/ %

CL 0—15 8.3021.56Aa 2.39£0.35Aa 5.40£0.65Aa 2.67+1.06Aa
15—30 9.71+1.67Aa 2.55+0.35Aa 5.32+0.47Aa 1.61+0.48Aa

PM-LG 0—15 8.4621.39Aa 2.42+0.77Aa 5.37+1.87Aa 5.08+1.16Ba
15—30 8.9620.93Aa 3.28+1.08Aa 6.08+2.22Aa 4.07+0.82Ba

CA 0—15 6.56+1.18Ba 2.47+0.54Aa 4.81+1.21Aa 6.44+1.21Ca
15—30 7.39+1.84Ba 2.57+0.27Aa 5.23+1.46Aa 5.82+1.84Ca

LG-CG 0—15 6.16+1.44Ba 2.39+0.86Aa 5.69+1.78Aa 8.57+1.81Ca
15—30 7.15+0.81Ba 2.62+0.94Aa 5.82+0.86Aa 6.06+1.01Ca

2.3 4 TR - SRS PERY 1L
MAIE 2 T 4 T LA Ml 12 8 5520 148 INV URE (ACP 1 CAT If ¥k, (HAH 5 + )2 ARA77E
HHISCHAR R (B ACP 3515
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PR P BERR I M
Acid phosphatase activity/(mg/g 12 h)
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5 -
Ca ’g Aa A
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Fig.2 Soil enzyme activity in different forests

x4 M TEREXEERANLEEEESMAORNERATEZSH0

Table 4 Two-way ANOVA table of effect of forestand, soil layer and their interaction on soil enzyme activity

HT INV UER ACP CAT

Factor df F P df F P df F P df F P
A 3 7.818  0.000 3 69.181  0.000 3 81.179  0.000 3 0.810 0.498
B 1 1387  0.248 3 11.168  0.002 3 97.735  0.000 3 0.338 0.565

AXB 3 0.140  0.935 9 1237 0312 9 6.369  0.002 9 0.179 0.910

INV . FEHERE , Invertase ; URE ; IR , Urease ; ACP . IR TR TR I , Acid phosphatase ; CAT ; 33 AL & , Catalase
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WE 2 fis 4 Fidki 0—15 .15—30 ecm +)2 INV {5514 17.30—67.49 14.90—25.14 mg/g - 24h, )
RN . LG-CG.> CA > PM-LG > CL;0—15 cm +JZ,LG-CG .CA 5 CL 2% B (P < 0.05) ;LG-CG 5 PM-LG
ZREEP <0.05),5 CA ZRALE(P > 0.05),CA 5 PM-LG Z 8] ,PM-LG 5 CL Z A 2% AN EE (P >
0.05) ;15—30 ¢cm +J2,LG-CG .CA 5 PM-LG .CL 2% &% 1 LG-CG 5 CA Z[8],PM-LG 5 CL Z [R5 A
B3FH(P > 0.05) ;LG-CG .CA . PM-LG 73|t CL #2855 T 75.8%—93.0% .53.4%—65.4% 12.7%—26.6% , 4 Ff
M 0—15 .15—30 ecm +J2 URE 35¥E43 5148 0.13—1.22 ,0.13—0.88 mg/g * 24h, tLFE P N . LC-CC > CA >
PM-LG > CL;0—15 em +J2,LG-CG .CA 5 PM-LG .CL Z ] ,LG-CG 5 CA 2% B.& (P < 0.05) ,{H PM-LG 5
CL 2R A8ZE(P > 0.05);15—30 ¢cm +/2,CL . PM-LG .CA \LG-CC Mi¥i Z 0] 22 5% & (P < 0.05) ; LG-CG .
CA .PM-LG 7% CL B4h1 T 374.49%—381.9% ,222.0%—230.0% .70.9%—74.0% , 4 Fi#fih 0—15,15—30
em 12 ACP 1EMES 518 3.59—5.80 .2.84—4.98 mg/g * 12h,¥)E N CA > LG-CG > PM-LG >CL;0—15 cm
+J)2,PM-LG .CA \LG-CG 5 CL Z[8],CA 5 PM-LG \LG-CG Z[a|Z R B # (P < 0.05) ,{H PM-LG 5 LG-CG Z
HZSABE(P > 0.05);15—30 em 12, PM-LG.CA LG-CG 5 CL Z[HZE SR (P < 0.05), 1 PM-LG .
CA LG-CC MM Z %A B E (P > 0.05) ,PM-LG ,CA \LG-CG 7t LC 5 14.0%—34.2% 38.2%—42
7% 18.7%—37.1%, 4 Fip 0—15.15—30 cm + )2 CAT {& M/ 5M 1.64—4.51 .2.04—4.43 mg/g * 20min,
BIZRMA CA > PM-LG > LG-CG > CL, [A]— £ JZ A A AR Hb B P[] 22 T ¥R 25 (P > 0.05) . 3RW INV URE
176 P I 5 AP I A VR S e K R 4 1T ACP | CAT I MR A2 8 v Y B v , R R BT B AT T T e

M 2 A LB H,0—15 em 12 INV URE ACP .CAT & (B CL 4M) 3497 T 15—30 em +)2, A& HkHE
Wi+ 28 INV URE (% PM-LG 4I) (ACP (& LC .CA LG-CG 4b) (CAT IEPEZFHA R E (P > 0.05)

24 TIERAEYEY R IR R DL Z A O R

=R 5 i, £ B, By B I Z A 2 R IEAH KR (P < 0.01) , 43315 218 INV(B% B4 \URE,
ACP .CAT(FR B.AM) it Z [ 2 525 (P < 0.05) B 2 (P < 0.01) AIEAHSC, 138 INV URE \ACP {& W
P22 JA] % B EAHE R (P < 0.01) (H=%5 CAT i HERIAIE B EAE LR (P > 0.05) . W] 40
ZHEV AR IR A LA i 5 5 Ak, AN A N 3 BRI T 2Z (8] 5C 2R 28 U1 JF HAH B2 00 | 3 FhoK A B e i i
AR A e S 5 Y AR BE f sc e b, AU R oA RRE | RIRHA A M OC R | JE )
M 7 - 3BT g el

®5 TEMEMEDE TEEEEUR LY BOEXRE

Table 5  Correlation coefficients between soil microbial biomass, soil enzyme activity and between soil microbial biomass and soil

enzyme activity

Wi H Item By By INV URE ACP CAT
B¢ 0.752"* 0.603 " 0.336 " 0.487 " 0.719 " 0.423"*
By 1 0.632"* 0.306 0.764 " 0.602 " 0.373 =
By 1 0.482"" 0.614"* 0.804 " 0.147
INV 1 0.531"" 0.535"" 0.234
URE 1 0.573"* 0.201
ACP 1 0.204

w % FoRPBEMIE(P < 0.01), *+ FREFEME(P < 0.05)

2.5 HHEMAEYEYE SRS S A O R
FI BT BT T 38 2 O S O A= i, DA K 3 A=A e T G W A B 8 ok B P 1) 52 T
ZEBINE 6 s,
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M 6 TTLIE Y, LA B o B B B AR R B K IET 5 AR MK :SOC(0.832) > TN/TP
(-0.604) > SOC/TN(-0.543)> AN(0.303) > TP(-0.138) , %K & i SOC TN/TP X} B, f[a] 3258 £2 R E4s
K(G512-0.301 #10.934) , SOC X B [FZNA R IEAH G, 10 TN/ TP 4 SRR DG, P27 A AH G PR A ELHRTH |, HoAth
PR 2830 o P X B B I R RS2 At , I 4 2R S B AR R BB/, 25 Lk, B 19 B 5% i [
Z & SOC F1 TN/TP,,

X} By I BB A BB R A ET S N EMK N TN (-1.504) > TN/TP (1.237) > SOC/TP (-1.204) >
SOC(1.121) > AN(0.633) , £ Zilad TN TN/TP {4238 12 REEK (43518 1.975 F1-0.974) . KW B,
B B EERZ I 22 TN TN/TP

XF B, B HE A 2B R BORIIHET 5 DR FRAKIKCN : TP (0.621) > SOC/TP(0.484) > SOC/TN(-0.367)
> AP(0.366) > TN(-0.337), £ Zi# i TP SOC/TP Hy/al#E18E 48 R EH KR (43510 0.331 F1-0.336) . =W
B, 1 EAZ R K 2% J2& TP 1 SOC/TP

X INV 35 P B0 4R R R R I P 2 . TN (2.868) > TN/TP(-2.646) > SOC/TP (1.843) > B/TN
(1.287) > SOC/TN(-0.915) , 4K 2@ TN ' TN/TP B[Rl HEE 1S R BE K (435 -2.369 F113.242) , K%
Mo INV {624 19 322 A& TN  TN/TP,

X URE {6 PER B 3042 R BUERART 5 AN ZEMRKKCH . B, /TP (1.504) \B,(-1.179) \BN(0.938) .SOC (-
0.774) \B./SOC(-0.488) , % Z# L B,/ TP B, iy H2i8 12 R K (45120 -0.789 1 1.793) , & H] URE
TEVER B W R 12 B,/TP B,

X ACP 5 M) B 048 R B0 R BRI AT 5 AN REAKIK . TN(1.571) > TN/TP(-1.414) > SOC/TP (1.
299) > SOC(-0.849) > B,/TP(0.483) , 4K i@ i TN  TN/TP (1) 18] 4338 12 £ K0 K (439 4 -0.928 F 1.
860) , F WM ACP 1& MM FZEH FJ& TN [ TN/TP, 1 —LE K15 ACP &M 80 H A 8 3 A e bE R 22
LA RN 275 VE I A5 R

XF CAT J5MEAY B 58 A8 2R BRI Z AR R . B /SOC(1.791) > SOC(1.244) > SOC/TN (0.745) > B,
(-0.641)> B/TN(-0.605) , 4K K1l B./SOC SOC Y [H] #3818 R EUE K (5 310 —1.849 FIF 0.938) , %
W52 CAT B MY B3 12 B./SOC ,SOC,,

B .By.B,LAJ INV URE ,ACP ,CAT it i 6l 4 A T A2 R ECEAR, 40 5114 0.219,0.215.,0.212,0.117 0.
040 .0.069 F1 0.174, B+ 3 fb 27 Ot S W0 AR Wi, DL S = S Ak M 0 RN At A A 4 X il 1 1k AT 38
KIFEM

3 e

3.0 FRMAE R R 0T S B e S

BT R YT, AR 25 RGOk W Wy B ROR /B S R S RN T4 A R TR SE R,
PROY I BT BRI R T2 — ) R IRDAK 3 DA R R LB A i R O AR 22 5,
HESOC K354 & R[]0 ST 5 W)+ S8 2 0 7 K 5 60, S B8O [l bk s+ 398 040/ 40 A ) ik s R A
[R50 R S O B R R TR R (TR R R S I A ) S R B
WA ARBGED BE R IRL , b 32 B b R R A L 519, AR AR S AR T
LR R BB Y BN, +4E SOC TN TP AN AP S ihin (£ 1) , 14 B, By B, 1k I 3
S, Lh CA 5, FAUGR: LG-CG , KW ZRMAAR KI5 , 800k W W B e i | + S8R 00 A i R A
Bio WeAb, i TR (CA (LG-CG) VAT M 37 40 & BUBE G, 5 43, E 3R 4y 2 W By, T 0 A (L
PM-LG ) JH75 M 3753 S HEBAE  XESM i , + 30U E PR A 22 | B SR AZ AR TR AU o — | HA R K30
22T, FBSOC Hy AR LR T Ak (CA (LG-CG) 4 £ )2 B, By B, & FAHHTAk (PM-LG .CL)
H 3 MR AEM(PM-LG .CA \LG-CG) 4 1 )Z B, By B, WE T CL, FE— RS T [ A L (148 Jin £ 42 5 1 4
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FROPIRBLFNRE Y TESE L AN ARG 4 Fhbkib 13 B, 22 R d/)N , R A BIK 2 X 3% B, A RIC3E AN 4
B. B W, [FIE, 13 P & i3z sl BRI AR, A A R P AR R SRR R IR A R T —
e, ARSI R (F 4) £, +3E B, By .B, 514 SOC TN TP AN AP % i &2 I 3 oot i 35 1 A 56
FZ (P < 0.01),1H B, By B, B E 3200 K £ 5351k SOC F1 TN/TP, TN F1 TN/TP, TP 1 SOC/TP , ifii H.H#I 4%
AT AR BRI R A e i R PR 2 R R P R 4% B SOC TN TP 75 = il
TN/TP .SOC/TP [1H .,

-1 B./B FUE R e IR MR S I E AR AR P L AR ST 4 RS 1 HE B /B LB TE 6—
10 Z A1k 3, s o T2/ T 545 5 (5—9) , BRl— L 24t bk (CL PM-LG) & T F 4k ( CA | LG-
CG) . PIREIE M AR A Rl AN [, 98 7 4 AR 2 5 R o i AN [) S HL 3 0 AR TR A 2B 9 X 3R
FREL XA TR, PR, H3E B /B WH S H A AL BT A ¢, H o a0 = 5, Il +
HE B /By HUEMAR Y SAII 45 R A—3L

AR YRS R 0 B R e T i A 3 AL 1) S A W i AR IR SRy R 1Y
PO AN - HEm Py A HLR A [ A, B RE MR S i 3 C N P OB ERIE ™, X T, 4 ¢ NP 1Y
PRS2  AS [a)Ao PR B b S S AR e D RV s e N T i 1 25 5, R ) SR TR
ATR), 5 50 A i P A R IR AR ], 3t A A e R S R A B AR, B/SOC %
3R AR R L BN, BRI ARE T AWFSE P BEE AR MR, B/SOC Se R A
2.39%—3.28% Z I] , FHAIFaE , S AOBFFT 45 SR 1225 AR — 30, B /TN 22 F PR3 55, 16 4.81%—6.
08% 2 ] , Ab T 2.0%—7.8% 2 I8]"*) ;i B,/TP Z Wi , B Wbkt =2 ] 25 5 3%, 75 1.61%—8.57% 2 |A]
ETATF 2.6%—5.9% 210> FUURFEM A FEHA: P ¢ N P RESIRE, 1T 685 AR AR A HLA)
o P e AT i AN ) G, U A R R A 1 24 57, SRR MR L R AR Y R E R 22
[l A, 39 v U A B BRI AR AR B T LA LR A R R AR . 5 CL PM-LG ML, CA \LG-CG %i
S B 5 0 B B N SRR AL T CL PM-LG, 383 W M K Ak Wy v R o 434
B4R R AR S BRI B /TN B,/ TP AHRXH4 S . 15—30 em )2 B./SOC B/ TN H T 0—15 em )2,
1M B/ TP AR UFAR R, AR 2 Y0 C N RE R i P AE 14555, 48 B, By B, P 2 ) S 4 &
FIEMRER, SEA MR R —8" BT e N P 8B RE A R E R T A YA &
(A i KN
3.2 FRACHE B B A RS T R

5 A YA i — R, RS PR R AE - i ) B AR SR e b BRI TS R T AR
fRFa ) BT R, LI ERE Al A 2 A AL RO Y T2 BRI, 2 F)1E 22 R AR, 0 1 KA
Z0F AR SRR IR B R UL B g R R A S BRI Y R R R S
J R AR , 435 [ R IR IR AT A0 AR A, TR AR A ST X - SRV VA B AR, SRR E , K2
SOC N Fl P £ i i 380, FHerk: 7= Sy 78 F 4R J5 S0 i 188 K, 70 T8 8 i 300 00 320 47 R K, 7 A ) %2
BEVE AR 388 2 5 ) 39 Gl A 4 A T T 5 ) - R

38 TNV AT DAS3 i SR AR 40 RN At A 4 38 T LA 2 W MAC R R D 194 4 2650 0 0 SR, A - A W AR
A, HLOG MR R T SOC AR BRI i A iy R | HGHC 2 T 28 T R B bt sz e+ 398 AT T3 /K7 B A 4 1 e i
FED L ARBRFE R, 1INV I PER ARG M 4%, TN TN/ TP X INV 5P B 2 R B K T HoAh
PRI, HL At PR 383 2o 3 A A2 et A () A R BB R, 2 INV W 0 B B2 2R (A F TN TN/
TP XF INV 5P 4 SE MO A B, AR , A4 75 INV I PR C R B/, R N HEE 6
P Y INV 20 Wb i, A2 F TR A3 i, 2 T A IR AR MR 22 e, AR W /N DR AR X AR
SEV AR PR, IR Z B P ABR S, AN F TR INV 530

13 URE £E 25 A HUF & A A Z L BOK i, A4 KARE N, s dEsm R 38 N FAers )
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AR BRERFLY . ARG, 11 URE 16 PEREE MO gk 2 S e ka4, B,/ TP B, Xf -4 URE 15 7E
Tﬁﬁu%ﬁm?ﬁ@l%‘f LA, R 2R3 e ok A A i ) ) B AR R B AR, 2 URE 3 M9 5 28 EL e
K7, A, -4 URE M5 TN AN S54545 52 B IEAHCKE R, 5P E AR/ #u X + 3 URE 3G PE 5 458 N
FAAHCTERF T 25 3R 7 AR —5, + 3 TN X} URE 3% PE AR A7 AE— A BIMEL (TN M 3.5 g/kg, AN Sl 110
mg/kg) MK T ULBIERT , URE 3615 TN SIEHSE, & T B a0 2 AR5 . ARBFEH, £ TN AN &
BT BLBME, M TN 5 URE 3630k 835 1A 56

ACP RERSAE AL B FR TS s B BRI A 7K i SN, HS Pk B i e ik 7 L AR 9T o, B ARpA
PR E R ACP TEME S NG MG, CA i, LG-CG AT PR, £ CA +3EF= /0168 o 3R 55 w8, X £ 3 5%
AL R, ACP IS TEAYRZ IR N T 2 TN TN/TP  {H i T TN TN/TP X+ ACP 1% ¥ A% /5 FAH 52, A 4%
M, TS5 ACP N TERIAHOC REER /N, R4 N JRFEE  iefem H3ERUEY ACP (5 (Al F
+ 3 P LV A, BIERUEYIZ R P RIRRE] ASF TR ACP K943,

CAT AALRESA LT S A &, BB B 28 | e 2 55 1 o S Ak R i, 3kt = 38 B0 104 e R 68 0 I 1) 5
BT ARBESE R B AR B A TR 3 CAT W Mt e NS B AR, PM-LG . CA 35, LG-CG A F
K%, CL 5 A%, W] CL L8Ry ff 52268 18825, 18 WL B9 49l 08 9 5 1 & (IR, B./SOC ,SOC J& CAT
TR FZE 7, B CAT 36 4 5 #5049 IEAE T, 1 HoAth P9 28 5 i B./SOC . SOC X CAT i 14
BA BRI GAEH, #15 B./SOC.SOC 5 CAT MIeMA 1.3 |

A W S R O R SR AR IR 5T B S 2 —, IR W R R SR — e R e
Al B R B LG PE Y AR ST R, R HE B By (B, TG PR AL W R B B ARG R, 5 E A RIS R
BRI R e R Y R S YA B R ECR ANl — 5, TR R KR GE
SORBUERAE , by - SR W P RN AR KR T R AP IREE s 50— T, 3 R R UE T RUE Y sk pR iR
MAEYIR R , R B G832 217 MRS, AV 2R KA &R, AR T LM AR
MEFE, B 4 FidkH 0—15 ecm -2 B, By B, , 4 MPEGIEPER & T 15—30 em T2, 5 A WBFR 4R
ﬁﬁl[ﬂ]

A W A Py R O M A2 B3 2 Rl R R 15 RS A SE 158 B, By (B, LA INV URE (ACP |
CAT ¥ T B TR A3 AR T 1) 38 78 R A (B AP A AE At oA 25 R DR 2, -5 R A 7 4 A 245 40 7 G 1) 08 7 0 o
G AR R A R, A Ja % - S W A iy RS M 0 BIF 9 7 25 6 25 B B R 1 FD - 38 TR 7
FFEFEEN RS, AN R BIZEL AK | Z5 0 2 S FUAE 0V 720 A 2 5% ) 398 0 2 1 o R 4 TR
AT b Y 225 B AR GUAE WK IR 7 i — 205, A RE T A b PR 5 1 A7k JoT | F 2k ) i R g 0 1
Z A BR R, DT A48 7 BRI K A2 T8 5 %o - 39 33 43Pk B RN Ak 15 (8 2 M ML SR (SR 22 AR

AWFFEH, 13 B, By B, Fl ACP (CAT TP Fifi & H Bl Pk 52 619 0 J A BT 1 B, S5 3808 1 — E3 s
— 3, IX AT R IE SR FH 2 (B A i) ) 7 YR S AR e R 0 SR B T o F AR B R 25 0] 91 R AR 4 1 T < 3F
B RRR IR 0 25 5 0] (YR 2k 2 0 R S . AR () EA B R RO R IR — MR E T R R

U BRARBETE TR O A et T B ST [ E R AT K S S Y (HX R AE B A A B
% MR S R A TR BRI 0] A — 2 A9 e R (H e SR 0 55 ), B 18 AR MR V% T R i 9 2 R
28 ) 22 AR T A AL 7 (T 96 T 34 Bk AN 4 /N R AR 2 ) A5 I 8 10 25 5 R A I 0 9 P R 45
B2 I )

4 #Hit

T IERUE YA Y EEIEPE R R ARMOR R R R R i g R AR M M =k 13 ¢ NP Y
JEEE R R T R R S ARy
+3% SOC TN TP & F1 TN/TP .SOC/TP W& 13 B, B B, BY ELIZ 2 [ 2= I EE 2w R £ ; +3
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INV URE . ACP CAT ¥ P (1) T 425 i X 25 2 S5 mi PR 2 AN [A), orf  INV  ACP 1Y 36 5% 1 R 22 f 32 B2 52 1)
K24 TN F1 TN/TP ,URE 4 B,/TP #i B, ,CAT N B./SOC i1 SOC, H.+3 B, B, .B, Z [0 & H: 5 + M5 14
R E B A DGO R R LIS i UEY AR WIS TR S BERECR AR ®, BRIGE
T 3 Y 2 A BRI, R R ARARAR AR I | SO R 0 RS ot 2L, A 0] s 48 Jon e AR E 497 B v - SR A
TR SRR E YRy ek - ) IR
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