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Soil microbial properties under different grain-for-green patterns in depressions

between karst hills
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Abstract: Soil microbial life in vivo is a major component of soils throughout the whole process of soil development. The
living environment for soil microorganisms is a very sensitive early-warning indicator of change in soil ecosystems. Using
slope cropland as a contrast, we investigated the main soil microbial populations, microbial biomass carbon ( MB,),
nitrogen ( MBy ), and phosphorus (MB,) and their fractal characteristic model, as well as soil enzyme activities under
seven grain-for-green patterns ( cultivation of Zenia insignis, Toona sinensis, Castanea mollissima, Citrus reticulate, Zenia
insignis + Guimu No. 1 forage, Guimu No. 1 forage, and abandoned cropland) in depressions between karst hills. The

main soil microbial populations differed under different grain-for-green patterns. Actinomycetes were 71.28% to 96.44% of
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the microbial population in the slope cropland, Zenia insignis + Guimu No. 1, Guimu No. 1, and abandoned cropland.
Differences in their populations covered up to three orders of magnitude. Bacteria dominated in the other four soils, being
55.24% 10 71.79% of the microbial population, but fungi were less than 1% . Bacteria were highest under Guimu No. 1
and abandoned cropland, and were lowest in the slope cropland. Fungi populations were in the order; abandoned cropland
> Zenia insignis > Guimu No. 1 > Citrus reticulate > Castanea mollissima > slope cropland > Toona sinensis > Zenia
insignis + Guimu No. 1, with significant differences between them. All the grain-for-green patterns except Zenia insignis
increased total soil microbial populations. The differences between Guimu No. 1, abandoned cropland, and Zenia insignis
+ Guimu No. 1 were significant ( P<0.05), and were significantly higher than the others. Microbial biomass carbon
(MB,.) in the all grain-for-green patterns except Zenia insignis was significantly higher than in the slope cropland, and was
highest in the abandoned cropland. Microbial biomass nitrogen ( MB) varied within a small range, showing a downward
trend. Differences in MBy between cultivation of Zenia insignis + Guimu, Citrus reticulata, Zenia insignis and slope
cropland were significant ( P<0.05). Microbial biomass phosphorus ( MB,) varied widely in Toona sinensis, Castanea
mollissima , abandoned cropland and Guimu No. 1 but was significantly higher than in slope cropland. MB_ was well
correlated with bacteria (D =-4.07, R=0.81, P<0.01), followed by the correlation between MB, and actinomycetes
(D=3.82, R=0.44, P<0.05) and that between MB, and fungi (D=0.58, R=0.61, P<0.01). However, there was no
fractal relationship between the other microbial biomass and microbial populations. Compared with the slope cropland, all
the grain-for-green patterns except Guimu No. 1 forage significantly increased the activities of soil sucrase, urease and
phosphatase , suggesting an increase in carbon and nitrogen cycling. Under different grain-for-green patterns, the activity of
soil sucrase was highest under Toona sinensis, reaching (29.10+7.73) mg g ' d', while the activity of soil urease was
highest in the abandoned cropland, reaching (540.7+34.77) pg g™ d™', and the activity of soil phosphatase was highest
under Castanea mollissima, reaching (991.1+76.28) pg g™ d™'. All the grain-for-green patterns improved soil microbial

properties, suggesting important benefits arising from fragile ecosystem restoration and reconstruction in depressions between

karst hills.

Key Words: grain-for-green; soil microbial biomass; soil microbial populations; soil enzyme activities; depressions

between karst hills
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SR EARE
1 #REFZE
1.1 AR5 XA

XA T PAITEmM K AE B TR S H A (24°50'N,107°55'E ) — > B8 1t Hip =5 g DA 3 b s 08
BT, = A 818 m, Fe A1k 376 m, J& M AT XU, AR 2R 16, 5—20.5 °C P BT A 1389. 1
mm , 3PS RFLE 130—140 d, EEEFE4—9 A Jubl 6 A2 7 A Ph)iZ ik 350—460 mm, ¥ H
PR 10 A ERAE 3 AR 4 H XK ETE 90 mm LLT, —4E N H AL 2 A i, 7 A e,
HRERDL3 Ay, 9 Hfes . 138 2R 5 & & W85 A K+ 124 1+ 2R E 2074 100 em),
F o B R IR 10 RJEK A1 2812 188, I P-4 1+ 2R BE 20—40 em,80% 2 25° LA B3, 5 A1 BRER
Rk 85% o WIFE X AN JEZE T, N T LR 2L AR A ™ B AR 2 R0 13% , KRARK 1 R 2L
AT W AR I ES . 2002 AFRBEH D ERR S B S R Al A RIS BT I e A T AR
AR E 5 HE ARG X 7R 58 RO RS B 50% I LAl T4 1 S2 i R BHA PR IA R T AR,
1.2 5Bt iA

2007 4F 8—11 HAEIRE ARVE X, ASEHEHL ( K ( Zea mays) -85 5. ( Glycine max) ) WX I BEREFALAL &
( Zenia insignis) #5#5 ( Toona sinensis) M 5E ( Castanea mollissima) M4 ( Citrus reticulata) AT 5+ 1 5
(Guimu No. 1 Forage) Y 1 5 HIHETE 7 Ff 32 BB B A MR FERE 2 25 B AR R BT 38 Bk b ( oK -3
52) BB RIS, 2002 4, FEREET IR AY R SN b AR AR — B B b R N SR e e s 3 Bk
400 m*(20 m x 20 m) AY A EFEHS
1.3 IR S50

2007 4 11 H 16 HAEFTEEB N S BRI 15 MREAR (0—20 om) TR LSRN A, FE /MRS 5 73 i
2 63,1 D EERE LR <2 mm, 13EE TR B RBEINTE 25 °C 1537 10 d J5 7007 HIERUZE DR I RCR
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1.3.2 L2485
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A (AK) o 123 pH R TR HL A7 1, SOM R B TR B A8 AL -F MNP D 7 | TN SR 24 Bl i I R 32 0
€, TP SR ] NaOH J6 il -SH A BT i (- 22 S0 53 0O BEVE DN AE |, TK SR H] NaOH H25 Fil-Js 5~ W S0 U 2, AN R ™
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1.4 TUAEYFEEECR 510 Y i B R 3 T RRIE R R AE T 1k

PR EASSR A EB 4y MR AR AETE A Dy Be A5 2 55 5 1 H AT AU, SR 23 T8 4 5500 i 20 TR 4K 53 T 4
FEPY A —I RS bR CAngce: KB TR AR ) | B R TR B RO RS br (gl KB TR AL A
HAE) 2 HAEEATN R A=kB” | D BRI AEEL b R LR A (R i) o D (AR 7 2 7 SO 5L
AFR TR A B B — ZRIUESATLAE T | A LA HAR R RER P8I 20 B35 AN )R R Aok 748 X R i
A=Wk RS AR BB SO R RO N O R D (E
1.5 HdEkbH s orbr

TR A AR R AR e 0 T 25 AT 2 B LA D) SR e e R S A W A
B B T BB EE Y FH SPSS16. 0 414 (SPSS 24|, 2 m+af, £ /) .

2 BERE55H
2.1 AR AL R B bR

S T A K R R AR IR FUK A IR I RE RO W BRI B HR A, RUEE TR (R — IR %
MIEHE S 11 3 4 B BEHREACR 3.3 mm) |, 358k AU [7]18 B8 b8 SR X 4 325 /K 47 0 3k 20. 76% —
29.10% , H22 SRR, A 1 =k 8] T 35 sl 38 7KF R/ A < A > 75 > 38 S S ARG S Bepk >4 =
R S SEERR 1 S AT TR R R BHA MR B S AN, T RE 2 A AL & A B B
S A KRB, R INBT Sy AR TSR 1 5 > PSR S AT TR 1 5 > BB b > A 58 > b, AN [R) A
NI A 22 57 KRk B T B ol WK F (£ 1),

YR AR L AT DA A LT S B R o AR 1 SRR AR 0 B | T R A Y
BN S BTG, pHL (BRI A R 43 39855 0 76 A R B MG b= b 5 R TR R 4 3, BR AT A =X
PR S FNAE AT SR S0 pH (EAN , ¥R B T i 3 sl B 35 KO R LS AR
DA AR AR S f ey, T 2B o it DAPE e (R 1)

F1 FRBHEHTEERAFE 0—20 om THEEU R
Table 1 Surface soil (0—20 cm) physicochemical properties under different grain-for-green patterns

I I I v AY I VI VI
24.55£0. 835> 21.7520.37¢ 26.92+0.94*%> 29.10£0.30** 25.68+1.01*"" 24.54+1.19% 20.76+1. 12"

kit Water content/% 26.05+1. 1278

A Bulk density /(g/cm®)  1.28+0.03°PY  1.46£0.014* 1.17£0.03%  1.26+0.05"%¢ 1.37£0.025% 1.34£0.015CP¢ 1.424+0.0248>  1.39+0. 0148
pH 6.44+0.06""  7.15£0.03"*  6.85:0.01®  6.65+0.075CP"6. 54+0.02°"! 6.41£0.06™  6.81+0.005>  7.20+0. 16
AHHLE SOM/ (g/kg) 20.66+0.99"  17.42+0.41°" 45.51£0.45%  38.36+0.89%" 33.01+0.58% 26.31+0.16" 30.22+0.40"°  36.45+0.705
SR TN/ (g/kg) 1.40£0. 117 1.20£0.02"¢  3.13£0.10"  2.75+0.06"" 2.22+0.05%Cc 2.24+0.05%  1.83+0.16%  1.83x0.13%
C:N 14. 810545 14,5620, 325" 14.56+0.51%% 13.97+0. 245" 14.92+0.498 11,75+0.27%  16.74+1.50*B 20, 14+1.63"
L TP/ (g¢/kg) 0.87+0.04%  0.69+0.03"  1.07x0.02%"  1.03£0.02% 1.11x0.02"  1.10£0.03% 1.08+0.00%  1.35+0.00"
S TK/ (g/kg) 6.76£0.09%"  3.28+0.10" 10.07+0.36" 11.25x0.10%* 9.99+0.20%"  9.11x0.10%  4.79:0.04%  4.28+0.09"
Bl AN/ (meg/kg) 43.6520.29%  60.32+1.49P1 141.64+3. 69" 143.21+0.917 109.37+0.81% 98.69+0.13%  96.98+0.99%  97.39x1.73%
B AP/ (mg/kg) 4.95+0.73%  5.31x0.17%  3.73:0.10"™  3.5320.17""  8.87+0.10%  6.630.09™ 10.76=0. 14"  15.00+0.23"
A AK/ (mg/kg) 33.59+2.60%  33.95+1.42% 83.84+0.35%  84.47+1.02%% 68.15+1.45%" 42.30+1.32°P0 39,5740, 41" 46.63+1.27%

T Wi AT T A IV AR VMG VT AR+ 5 R L 55 VLB R — TR IR/ NG 243 W 5 ) 22 5 43 ik 30 B 2% P<0. 01
i E K P<0.05

2.2 ARREHEHHA MR TR I A YR A

AR AR PRA RS 2 (8] RN A A0 550 25 Sk B T R KO RGO 1 5 > 38 5> B bl > A R
>HIEG ST T 1 ST TSR (3 2) , RIS RIR B MR RS XX - 398 41 17 119 5300 A7 A B 52 )
TR 1 5 FIHE S B 2 A0 20 18 B0 B v, 0 135 16. 83 X 10° 1 9. 06 x 10° cfu/g , Ak Hb 1 98 41 14 4% & i A%
(1.07%x10° cfu/g) .

http ; //www. ecologica. cn



2394 2%

A FBAFE bR R L R RO HE P 38 T > A 5 R 1 S > ARG A SR > e i > AT R T
B Z IR AE] T s R K AR R B 22 R B T3 MR B 1 AR
R 1 SRR B AR, 5 2 N ECRBOVE A1 S Al 5 RO S 3 MR, ER AR E
BRAT RSN AR Bt Aok b SR RE B o TSR U E Y B R, B U BRI 1 5 > 185> R+
BT SRR A MR SBePF i AR, o R 1 5 RS AR B AR 1 SR A B TR R K
(#£2),

A FLR B L R SR E MR RO 4O R, R R B A SRR 1 S RO S AR
SR A Wy ) B S U MR S LU 71, 3% —96. 4% ; T AT A i ARSERIHT
A b R A W ) TR, T 5 H BN 55. 2% —T1. 8% 5 BT Hi i 7E #4542 i 7 H B AR N, R
1%

R2 TREHEMTEEX T EMENTEMEYE

Table 2 Populations of main soil microbes under different grain-for green patterns

. éﬂi”ﬁ ﬁ;ﬁ )ﬁzﬁ%& JER ' I A LA FLIA HA] preqi il
Models Bacteria Fungi Actinomycetes Sum Percentage Percentage Percentage of
/ (x10% cfu/g)  /(x10* cfu/g)  /(x10% cfu/g)  /(x10% cfu/g) of bacteria/% of fungi/% actinomycetes/ %
| 1.0720. 091" 2.80+0. 36 4.22+1. 828 5.32+1. 85" 28.07£12.60%  0.65+0.18"  71.28+12.77%
I 2.67+0.03% 3.81£0.03% 1.75+0.00% 4.47+0.03" 59.88+0.22%  0.85+0.004 39.27+0.23¢
m 6.45+0.05% 2.18+0.00" 2.51£0.00% 8.99+0.05°P!  71.79x0. 154 0.24+0.00 27.97+0.15%
\% 6.18=0.07™ 2.95+0. 020 4.98+0.00%¢  11.1920.07°""  55.24£0.29" 0.26+0.00°7  44.49+0.29¢
\ 5.23£0.07% 3.1920.028¢d  2.55+0.00% 7.81+0.07°%"  66.93+0.31%"  0.41x0.005¢ 32.66+0.31¢
Vi 3.43£0. 05" 0.42+0.00% 13.37+0.48% 16.80+0.43¢ 20.43+0.825¢  0.02x0.00™ 79.54+0. 8218
Vi 16.83+0. 00 3.37£0.00% 252, 4+4. 90 269.3+4. 904 6.25+0.11% 0.01+0.00™ 93.74+0. 114
VI 9.06+0.00" 7.00+0.24% 247,14, 80 256.3+4. 80" 3.54+0.06% 0.03+0.00™ 96.44£0. 07"

LYt I ARG Wb IV A VIR VI AR oA 1 S5 VR L 55 VILAB SR 5 [6)— A7 AN IR /NG SRR BS80s 6) 22 53 43 1) 3k
F B P<0.01 F1iE K P<0.05

2.3 TIEMAEYE C NP

T R SR L e, RO R vT AR W SO N AR H B A IS A AR 1) A 2 AR A
S HAR L, A LR ARE MO R (BT A A ) Bi 3 s 1 - MB B A I BE 3k 136. 6—
644. 4 mg/ kg, FEFEHIE = ; MB,, S ARLIE BIA K, 1 16. 67—46. 13 mg/kg Z 8], SUHFHIAT L5 R RE#H,
TRERIIREE A 1.61—29.46 mg/kg, H 51T +FEH 1 5 MG AT OAGER] TR K MB, R AE S
TR, Frbls MO HE SRV 1 55 2 sl b 3 v T pE il , At 3 AhsE= MB, WA T R, Mg =ik
27 WEKF(F3), AFEE LR F AR A MB./SOM  MB/TN . MB,/TP 4354 0. 65% —2. 43% .
0.74% —3.27% H1 0. 40% —7. 15% , B Wi 4645 22 5 500, J5 & 2 R, A AR B ok 7ofss X+ 4
MB./MB, AR &, AT SRR AR 0 AN 2 b e 2 3 Tk (2 3) |

F3 FEBHEWEERN T IEMEMEDEnR A BHTL
Table 3 Soil microbial biomass carbon, nitrogen, and phosphorus under different grain-for-green patterns

I I Il I\ \ VI W I

MB/(mg/kg) 131.7+33.25" 268.3+2.963.0%" 738.0+3.15%  506.6+88.5%  448.5+92.5%  335.3+100.0%* 559.8+58.3% 776.2+0. 3%
MBy/ (mg/kg) 46.1£11.3%  25.130.708¢d  41,0420.908> 32,7022, 5048 24,2520, 615! 16.67+0.30%  33.21x0.3045c 44,5242 442>
MBp/ (mg/kg) 7.92+1.84PFde 7.3940.45PF  76.6540.75%  56.97+1.33%"  4.33x1.50""  6.03£0.45"%"  10.58+0.80™ 22.87+0.31¢
MB/SOM/ % 0.65+0. 185" 1.55+0.034B>  1.62+0.01*%> 1,69+£0.20%%  1.96+0.25%  2.430.37%  2.2620.19%¢ 2.04£0. 04
MBy/TN/% 3.2720.79%  2.10£0.03BC>  1,3140.045CPcde 11940, 10P4  1.10£0.05P4 0.74£0.01% 1.84+0. 165CPbed 2 4540, 19ABP
MB,/TP/% 0.920. 1575 1,06+0. 11" 7.15£0.17%  5.53+0.19%"  0.40+0.14"  0.55x0.05"""  0.98+0.07"° 1.69+0.02¢
MB/MBy 3.62+1.72% 10.75£0.195C  17.94£0.465 20.06+2.985C" 26.61+3.434P 38 38+5.72% 20, 66+1. 855" 16. 790, §9BChed

I Wbk, I :EEE;]]I ﬁ%,wff)i%,\f *H%,VI R +EERC L %;W:ﬁ% 15 L. #%5%, ] — 7 AR KNG Bk B [ 22 520 05K B ik 5.3 P<0. 01
Fi# % 7KF P<0.05
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2.4 BRI RS A DR (9 TR AR

IR Y i R S S T AR AR B IR LA R LB AL B AR M R R R . R B,
5 AN SO RA RAFR IR HIC R B 50 0. 81 F10. 44, 73 HIl3K 3] T 1) 2 3 (P<0.01) FliE
FIKF-(P<0.05) , ML D (43591 -4, 07 F13.82, +4 MB,, 5 H EECER 1 /ME 6 R Wk E] T B EK
E(R=0.61,P<0.01) /- IE4E50 D {50 0. 58 ; 14 MB,, 5 EE R MB, 5405 L EECR LI KL MB, 541
BB R R LR R A F R AR IR E W E K (P>0.05) . MB, S41H JRZ R R MB, 5
FLH AR R IR Y B A 280028 ¢ R i 1 HAA Ge it 2 L (P<0.05) , 1l T3 MB, 5 H IR %iE MB,

SYNE R RO A MB, SR R RO Z BIAFAEME R R (R 4) .

R4 BREVHBELESMEVENIHFEELER

Table 4 Fractal characteristic model of soil microbial population and biomass

- IEEZ 4 F K23 F-test t K50 t-test
Model F P FHE Constant R &
R t P t P

Iny; =-4.0675+0. 66581nx 0.81 41.54 < 0.01 2.55 0.02 6.45 < 0.01
Iny; = 6.5044-0.0315Inx 0.04 0.03 0.86 3.56 <0.01 0.18 0.86
Iny, = 3.8225+0. 14611nx 0.44 5.31 0.03 3.71 <0.01 2.31 0.03
Inyy =2.8250+0. 03951Inxy 0.09 0.17 0.69 1.90 0.07 0.41 0.69
Inyy =0.5772+0.2810Inx, 0.61 12.75 < 0.01 0.72 0.48 3.57 < 0.01
Inyy =2.9566+0. 02951nx , 0.16 0.59 0.45 4.73 <0.01 0.77 0.45
Iny, =—4.5669+0. 46691nx 0.35 2.97 0.10 1.09 0.29 1.72 0.10
Iny, =-0.2482+0. 2823Inx . 0.20 0.96 0.34 0.08 0.93 0.98 0.34
Iny, =2.1081+0. 0318Inx, 0.06 0.08 0.79 1.12 0.28 0.27 0.79

Y :MB(: HIAN :MBN 5Yp :MBP 5 XpXp Xy %%U %I?l]]% \ﬂ%*uﬁigé%ﬁ%

2.5 RSN

AN [RLR B e Fr e SRR AR A2 AR RO T S AR RS MG > 1B TS AR AR 1 5
SEER 1 S>3k, F AR K (29, 1027.731) mg ¢ d7', B EOE R 3 T AR X AT A 5 AR
AR SRR R A O SHHFAR e, A RIE PHE MR R (BREH 1 SR UAh ) 25 2 1 0
JUR PRI P8, 4 IR EEAE 200. 6—367.7 pg g A7 3RS R s BREEHC 1 S AN TRLR B Ak oy 8 2%
P 1 IR RR IS 1, /NI B> T S MG S A TSR T+ 1 5> PR RS HM 1 5> Bkt

] e AN RBL PR Y R R TE R A 5 (3R 5) .

£5 FEBHHEMRERRN LI R

Table 5 Soil enzyme activities under different grain-for-green patterns

X BEREEIG L/ (mg g 7' d71) JIRBEEE/ (pg g7 d71) BERREE L (pg g7 d7")
Models Invertase activity Urease activity Alkaline phosphatase activity

1 7.51+1.40Dc¢ 172.9+25.41Cc 149.4+27.80Dd

I 15.50+0. 88 BCDbe 400.5+39.96Bb 707.5+54.84BChc

1 29.10+7.73Aa 470.0+28. 13ABab 875.1+75.91ABab

v 20.46+0.89ABb 433.3+35.83ABb 991.1+76.28Aa

v 18.55+1. 15BCb 440.5+24.61ABab 731.9+103. 1BChc

Vi 8.38+0.12CDc 373.6+45.48Bb 675.1+44.56BCc

VI 8.13+0.85Dc¢ 215.7+45.07Cc 271.1+45.90Dd

Wi 17.63+1.82BCDb 540.7+34.77Aa 581.6+74.48Cc

L3l I AR I3 h s IV AR VR VI AR B RO 5 VIR 5 VIL AR5 5 TR —A7 A R R/ ING bk ) Bl ) 22 540 1) i

FH & P<0.01 A ZE K P<0.05
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3.1 HIERUEYREEECE S

FIEAE AT SRR XK B R AR R A K B T VR [ 2 R AR P I s
fiff R IHEHIE RN R A iy, RIS YA BRSO S AR KRR A gt & TR M AW s e A L o
fift JE B B A RARTE 1 LA B R TR B AR L R [)R AR AR BB W R 4 R R B B BEAS
[] , FLA3 DA A R 28 5t R SO AN (], DT 5 M A 0 R S R A A 22 57 . B 1 S AR et
) 20 T e 1, 3 P BB F TR 1 5 8 S A U A 2R 0 W ) U i 0 1 ik (0 a3 1 52 0 X6 % 3 R UL
FRAEGAL™ | e i A A SR T = 5 AR B YR RN 008 5 Sk ot - 3 A i e /b, X 5 K TR RS 20
FEFFIRAE 50 S8 A HUTR & B0 AR R TR B Z A 6, AWEcEHy ME >0 Bl 5>
FHAT AT 3> i >R G 1 5 &S HE P Z R BR 3 T I 2 o e 2 KO R B AR 1 25 A E
T3 ARG, e 5 AN AR A BUOR ABHE T 5 oA O, a3y ik R R, PR R
AP AR BRI RIS A BR A o I W S R 1 S BETRAME S AR 1 S AR [RR B TR
EAOE Y 2 v T A AR

AN AR BHA PRI R - S R E DR B 2 AN ] . TR TR kb AT S +EEH 1 5 FER 1 SRR
T X A Y ) B, U E R R B L BN 1. 3% —96. 4% AN AT G F A AR R
R A W i R B BE, T H ) 55. 2% —T1. 8% 5 L BB AE 4 = e BT | B AR N R 2
1% o X RUITERB ARG +EEH0 1 5 B 1 S RaE S | e v 9 B8 ) 5 4 07 LA O+ 3855 43 1Y
THFESR T HABSERE 400 5 AR b AR SORZ TR, (B B Lh A 22 ) X0 T4 o408 20 HL A o 2 iy el 42
EHL,
3.2 EEREYE C NP

R R b e R BB A A WA AR bR g Y R E YRR A B A R e
A IR0 7 B B AR, AR TR N R S TS Sh g BB R Sk L, SRR B
AR TS (BRAT GAAE ) WA S 3G 1 w8 Hr e 04 A b 1 358 MIB, 48 T b e 5 s MB & it B (BB AN K,
SR A R R R A, BAT G 1 5 MR AT G R 2 T R B E K MB, AR AR K, &
W MREE B AIEEHC 1 SRt 2 mie 3 Tk, Hofts 3 AP MB, B8 A T &, MRS T W%
IR, X R AR BRA R T AR ST A FR AR A X - S A A R S ) e S e e ke S A A R A W
B HA TR ER

Vance 450K FETCANBIN ZE THAE DT, 35004 Y1 B Wi JF R RE 58 4 S WLl B 0 36 v L 854
FITIRE , B AT FLga X f A0, 38 0 25 U E M A W i ik R e A ik | 4 R Al v %) B ), DATOAE 2
1 B8 R AR FEA MR S A rp S W R A AR SR Zeller 257 RGHE e W A Wy AR R B A L
Wk A AT B2 3 0.3% —7.0% 2. 0% —6.0% F1 0. 5% —8.5% , AHF5E45 585 HARML, (i
Yyt ZRITE I FL B IRAR . w5 e DA T 398 7 /> {FL ] BB A B9 93 A 2 B8 XUAR 0 7 4 1) £ 3
B (o - A HLAR AR S B, A A D RE K, AR R A K T T 1 R R A B SR I, Sk
WA R T A I T R SR A R = i W AR RE T

b gk IERUE YR E SRR C N R R AR R W AR KR 15 57 i B 1 i SRR ol ) B AR AR, 52
e ) - SR A M RIS A5 R, S I C:N=30:1 R C:N<<20:1 I, 3680 AR W A K 2 591 A2 20 R0 TR e R PR
il T C:N 7E 25:1 B %of el M Ak Kt A A A T2 3t e A ARAE S RGP IE R ThEE ™,
AR A CoN 2 B 2 T M AN R A AR RER 1 S AR S A A W AR KA S e
TN 5 AL 25 5 et 2 BB b R R AR R FEARE S b - B A A K ) F B2 BRI IR 7
3.3 ERUEY R SRUCEYECE  TERRE

SIEERE H 5 A A AURAF T UK, )32 1 FH R R B o0 A1 A S5y S - S A SR AR 5 T AR A 98 20 A
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Xof - AR i S R RSO 1) O RAR DU B, 6 W ST bl DXk T ORI 1 A LR s BT R0 AT
HAS )R B I I R AR T A W Al R B A R R IR Y A TR AR R SR W, MB, 5 41T (P<
0.01) JitZk Wit (P<0.05) ,MB, 5 ELE &t (P<0.01) 2 [] EAT B 5 3 TR BRAE |, HAM A TRURS 1 K A3 IF
HeE D AEZ F RS ¢ KA B0 B E K, B ARG AR B0 D (X MB, \MBy 25 [8] 5310 ) 4 ¢
TERYRAE , D (HAR K, R Y =k R B s R BB | 3 A2 (i 0 M i D (]
U YRR R TR S RIERE YR BRI A R AR AR R 22 5 RN AR Y MBS 4
BRI AIR (D= -4.07) , ik b B, S5k %0 (D=3.82) , Fik iy MB, S EREHEMNFXER(D=0.58),
XATRE T RE T | BRI A D R ARG B 25 R E . MB, 5 AR MBS 40T i A G D
F MB, 5405 B & E RN LR RS F R YRR R E KT (P>0.05) , AMAEME LR, HR
AR Tt — 2P E5E . BT 3 W i 55 00 W i A5t 19 2 8] 3 A A A6 A0 TR ARRAE , 1T DLUSE i + 3R E )
TR 5 et 114 728 Al A TR 122 1 DX B A i ) s A5 A8 Ak, AT RS - B R A0 AR R A 7 A R
3.4 IERERIE T

- T 3TN Ty DA A BR R R AR AR S URK, RS L R ik R R RN A= AR Ak e R B R
ik IR AR, ATAE N R B S R TR A S K — A W bR . SRR B M s e T A L
AR R 5 AL, 5 CO, MR % VI G &, & R AE 1 48 i e 28 0 24 A0 1 B AR AT ) B
it R DA T b A [R) SR AR RIS AR X A g M S AR T K, A A L B T
HAARS, - e PG £ EUR TR R | L e EEZ YR ZRE AR S A H AN AR R R
MRS 2 T R BRI AT AR A A RS SR Bt T AR A ORI
T IR EIGIR, Yok A1 SR By ISR T a0 08 T 0 L R Ay R TR I RE T 2% 3R 41 A
W5, AN I W TR SR E W RE R T, O MR R I 1 43 W S D | S S I il T
T AR HFA MR R, TR BHA M T R 2 BT A Z R R E v, R HL S i,
A A RE AR RO {6 282 1) - SR R Il T A v Y
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