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Evolution characteristics of soil nitrogen mineralization during meadow soil

degradation of Gahai wetland
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College of forest of Gansu Agriculture University, Lanzhou 730070, China

Abstract: Nitrogen mineralization is one of the important links in ecosystem cycle, which affects ecosystem functions and
nitrogen biogeochemical cycle. Therefore, it is important to study the evolution characteristics of soil nitrogen mineralization
during the process of alpine wetland degradation, which help us to reveal the process of wetland soil nitrogen cycle in the
context of climate change and other human disturbances. Four different wetland degradation gradients ( non-degraded,
slightly degraded, moderately degraded, and severely degraded) in the Gahai wetland areas were selected as the research
objects. Using the in-situ resin core method, the temporal and spatial change characteristics of soil nitrogen mineralization
and its relationship with soil environmental factors and enzyme activities were analyzed through the observation of soil
nitrogen mineralization at different growth stages (early growth stage, peak growth stage, and wilting stage) in the plant

growing season. The results show that the wetland degradation had a significant inhibitory effect on soil nitrogen
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mineralization. Among them, compared with non-degraded soil (0.143 mg kg™ d™') , the mineralization rate of net nitrogen
in slightly degraded, mildly degraded, and severely degraded, the values increased by 0.018, 0.025, 0.020 mg kg™ d™",
respectively; with the intensification of degradation, the soil net ammoniation rates decreased gradually or remained
unchange, while soil net nitrification rate increased. As time went by, the soil net nitrogen mineralization rates changed
significantly for four degradation gradients. Except for the non—degraded stage, which had a maximum value in August, the
maximum values of other degradation stages appeared in July (ranged from 0.217 to 0.305 mg kg™ d™'). Compared with
September and October, the value in August decreased by 0.137—0.217 mg kg™' d™' and 0.173—0.241 mg kg™ d™',
respectively. Repeated—measures two—way ANOVA showed that Wetland degradation and culture time had a significant
interaction effect on soil nitrogen mineralization ( P<0.05) ; Redundancy analysis showed that the net nitrification rate was
positively correlated with nitrate reductase, urease activity and temperature ( P<0.05) , but was negatively correlated with
protease, nitrite reductase, and water content ( P < 0.05). However, the net ammoniation rate and net nitrogen
mineralization rate were opposite. Soil water content contributed as much as 67.7% to the rate of soil net ammonia,
nitrification and nitrogen mineralization, which was the main affecting factor driving the change of soil nitrogen
mineralization during the degradation process of Gahai wetland. The research results provide a basis data for the development

of mechanism models of nitrogen mineralization process in alpine wetlands under the background of climate change.

Key Words; Gahai wetland; degenerate ; nitrogen mineralization ; evolutionary characteristics
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LA OB PR A - PR AR TR IXR T R R v SRR A, AR Y K
7 781.8 mm, AEZE L H N 1150.5 mm, KA TCE P42 240 d, T AW TN ZEA BRIK (Potentilla anserina
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Fig.1 Schematic diagram of plot
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Table 1 Basic information of different degraded wetland plots

Bt PRI LI FEA L
Sample plot Dominant species composition Basic information

2 N A, 5 HyE Z oy o s o
AiR1E ND A R SR TR YR, HTE AR R, 2 Mok Bk, 1 T /K A
Non-degraded 7E 20—40 cm
BB LD - R TP AR R RER 1 TR AR 5% F 10%, B
Slightly degraded AR JRE R Ko HLFIKALN 40—70 em
TRk MD R I LR MR UL B A W R B R M R T Hoa th B — S R A e
Moderately degraded s AR ORRER R IR AN 10% F 30% , CFUK . H R KAAK T 70 em
HJEIRME HD PR A, A% 2 M
Severely degraded B, R R R A T 90%
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1.3 W5k
2020 4F  ARHER MR ) A= K ARERT R O, 200 T 6—7 A0y (A Kwi) , 7—8 Ay (A ,8—9 Ay
(AR ,9—10 Ay (RG22 ) X L3dk 4 AR ARRE EE 23 5 6T 30 REFSMM G AL 1R 7 I 35
R Ak i R S A AR AN [ R A AR R AR ) AR B B R IR s BARER IR G
T BN I S REALIE IR 3 A i, R R VR W TR RBEALIT A 6 41> PVC 4 (K 25 em,
FAE T em A FHEGR 20 em) 8 3 ST FRAT vKAR A0 DR IR R K Ay [l SEB0: 2, PRI S A i AR A )
G, 55 3 X PVC EHUH /NI RBRIEH 2 2 em JER LFE SRS HE PVC BT 1 5K IE4E, A
A 3 g BB F RIS BELS AR SEAE T A — TR DR AR, F FH VE UR A A3 i o, S5 5 i A - B8 S vh SR 3t
¥ PVC B R T, FEATEFAMM AR SO G 77 BEFRES S IR REBIBC 3 MR8 TER I 7R 4% bk
B R A T BT SR . AR SR IR SEAT A 24 > PVC L K ERE W R B R, R — )2 R
B, BGR I Sty [ S 2 BTG 2 mm 0, AT SRR B S RS BTN E I E A 3 UK
SR (TN HRE MR I RE I E ) s RS R (NH-N) E A2 (NOS-N) I MgO-1R R 45 4 7% 43 1 0
e ,ﬁii%%ﬁ/ﬂ\%%ﬁﬁ%{ﬁé%-Kz504{%%@;‘@“%[27] s T B8 IS M ( Protease activity, PRO) K FHE[
=R R B TS PR (Urease activity, URE) 2R IR 28 Fb €6 3220 2 ; il BR o6 B 175 % ( Nitrate reductase
activity, NR) 5 VAl FR A J5 1 14 ( Nitrite reductase activity, NIR) e 2% B AR ik , K FH AR T 1R - 1
MR-ao ZERE L 5 . A EM 50 Z0dg U 4E 22 58 ( Decagon Devices, Inc., NE, USA) Wil 13875 B 5 28 f1 &
K, BRI 10 min H 3hid 5 — kB .
1.4 JHREI
A, =c(NO;-N),-c(NO;-N),
A, =c(NH;-N),—c(NH;-N),
A=A A
Ai=t,-1,
R, =A, /At
R, =AMt
R, =A,../ At
1L e(NO3-N) il e( NOS-N) 4 BIH HE FE TR AR5 A i B4 me/kg. e NHI-N) T e( NH-N)
NSRS IS A S w, PN me/kes AL, A, FA N TSR | Rl RN AT
i, BE 3R me/kg; R, R IR 8 ) R A SV i AL R 2 AL BOR G R AL EUR BRI mg
kg_l d',
1.5 Bllehb s oA
ATCHEH] Excel 2016 BAEXEOEEFT BOWI D B8], RIS HT SPSS 20.0 SEiT 70 0 B 47 AR 2, >R
FHHARZE 7 2293 BT ( One-way ANOVA) F1XEH ( Duncan ) 322 30 B A~ 6] 18 £k B i 45 A8 & 18] 1) I 28 22 S Mk (P<
0.05) , FHEE R M H XA 2Ty 225081 (Two-way ANOVA) 23 M AS a1 18 £h A6 B RN 8% 3% Bsf 1] DA Kz — 38 i 58 AR
Xof Pt TSR A R A 25 5 . SR Canoco 5.0 X &A1 3 5 A+ SR B K 5~ LA K 4 SRS P4 T 0 AR 43
#T (redundancy analysis, RDA)

2 ZER5H5WH

2.1 R A A b SRR R T A R PR A
211 HIES/KEANEE
ASTa) I A 0 - 4 S K R R RE AN 2 o, BT LUE Y BEIR AL BE (9 n ) 15 i+ 38 S 34 45 K
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BTN o BT HERS AR A b HE b S35 7 ik S S el R 8, i v B SR e A, e R AR IR
WAIARK, 0—10 em +)2 HHEFH/KE(33.1%) W B E T 10—20 cm +)2(28.4%) . +Heil E7E AR 1L
BRI MLAFAE 035 22 57 (P<0.05) Bl JB AL 2 (9 o, T 3t - 39S 24 0 P2 8 9 0% O 5 38R AE 0—10 em
A1 10—20 em )2 fi 5 i i) 28 Al S BLAL I 22, 78 7.8 H O ey, BME 503 11.9°C (11.5°C .

—— Ry - BRI —— M —— TR
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Fig.2 Soil moisture content and temperature in wetlands with different degradation gradients

2.1.2  HIERFE
i1 6.7.8.9 A4 RGPS (AL BREE S ([ 3) AT, SR b - SRS AN [RB A RR 22 18] A e 22

Rt [ gER B obhEE4 [F] mERME

5 P
‘x 0.70 Tep 12.00
2 E 060 c s 21000 |
=5 = 8 s
%IE g‘zg iy g;; 8.00 |
gae - - R 600l B
&2 030 - 99 ==
5 - &8 400} =
; g 020 iy T 2 C —
~3 010 | T T 200 ¢ cig—
2 o0 == £ o e
z 2 0—10
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z 22 080t
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Fig.3 Soil enzyme activities in wetlands with different degradation gradients
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5 (P<0.05) , VA R D i A0 2 e P B o 2R A AR R e i s/, Hoh R Ak b R R A A
IRAETE 0—10 em )2 VA PR 34 T I 06 14 35 A IR Ak 70 591 S 08/ N T 7.93% . 15.91% ,33.98% ( P<0.05) ; Ifi 7£
10—20 em 12535000/ T 2.14% 9.29% 18.11% , AU B HEEIRAL W E A T oRB b, AR AbHs B 1
SR BTG M S T AR AL AE 0—10 em 2 R EER A P AR A0 RN R A A A AR LR B
FEART 12.9% .16.7% .23.7% ; £ 10—20 em )2, RiBIL W& & FEEMPERMA, M5 RERMAER AR
F MR - AR T 1, R AR A B B 34 B v T AR A B B, B IR AL AR B I, 0—10 em £
J2 R R b B B e b - S A TR S D G MR AR R AR R R R AR A b BE R AR 3 3 N T 12.5% . 132.4% |
359.7% ;10—20 cm + 20 BIHEINT 12.7% 37.4% 144.6% , T H S5 R BTG 11t Bt 25 38 AR08 88 o ) 58 1 14
K ,0—10 em = JZ MR G M 76 6 52 1R Ak o R IR 1k R R AL B R IR AL B BE 4 I I T 6.99% . 9.46% |
11.03% ;10—20 cm Z353EHN T 7.55% 15.67% 23.48% , H HAS AL MR BEdL A/
2.2 R R AL R A AL R s s AR TR BRI

A IR R T 225007 on (3R 4) SR ] YR b - 85 S0k Gems L A /U fs R A7 70 W o
25 (P<0.01) , MAEAS [RIER A A B2 W b 1 8 v 2 Al s R A A Bk 25 i B 35 25 5 (P<0.05) . i F EFTLLE
HE R PR Y b - 8 S Ak i A AN T T R Y 5 e B R TR AR B, IR AL R B R () X 2 Ak v
AL R R A R A7 AE 35 1 38 A4 (P<0.05)

x4 EHMBHEENNEHNZEERTESH

Table 4 Two-way ANOVA of interaction between wetland degradation degrees and time

Y bR i Ak R RN R
+= EES df Net ammonification rate Net nitrification rate Net nitrogen mineralization rate
Soil layer Factor
F P F P F P
0—10 cm R 3 36.288 <0.001 2.702 >0.05 1.997 >0.05
Hisf ] 1 49.665 <0.001 82.746 <0.001 106.782 <0.001
IR AR B s (] 3 2.340 >0.05 5.809 <0.001 7.468 <0.001
10—20 c¢m R 3 5.132 <0.05 5.880 <0.05 0.213 >0.05
isf 8] 1 18.134 <0.001 14.563 <0.001 35.331 <0.001
IR AR s (] 3 3.110 <0.05 5.104 <0.05 2.667 <0.05

2.2.1 A0 HR A R e Ak R B A AR (L RRAE

H T 4 TR R AR ) o b - 9 S Ak R R R, ELRS TR IR A B 2 1) 25 Sk B 3 (P<
0.05) ., HMAKE 76 0—10 em 1)2 , IR E] 35805 E A R KN 31k - AR 4K (0.100 mg kg™ d7') >
2 PFIBAL(0.067 mg kg™ d7) >HUEEIRAK(0.049 mg kg™ d7') >HFIEAK(0.033 mg kg™ d7'), H 8 A AIEk
b J3E - R R AL R 35 s T R AR BRI s 7F 10—20 em )2, BIME K/ F R R IB AL (0.092 mg kg™
d™") >8R (0.089 mg kg™ d7') >HEFIEAL(0.043 mg kg™ d7') >HEEFIEAL(0.041 mg kg™ d7') ,7 A EE
IR I T AR AR L8 O AR AL A o 1R A ef B - 40 2 T 28 I 3 v 1 v B AR b R IR
e i

AR TR B+ 965 S TE e A AN [ B[R] BE D A 7E 3 25 5 (P<0.05) , %5 1R L B Bt - 405 2 fh 3 %
HEAR IR Bt s 10 (0 A% 120 80 S (BFE AN TR 2 R BIAR —B, 78 0—10 em )2, BR AR L B EHE 5 8
A, AR AR B B 35 B IS [ RS S 2R i/ N A 3, ELAE 8 H 40 AR Ak B2 W b 4 B8 S Ak % . 3 v T3
f A By 54 0.201 mg kg™ d7' 3 7F 10—20 em + )2, RIB LB Bodr & M i az g, Hofh 3 AR IbBY B
fE s R G 3 AR B, AR 7 0 45 1B Ak B B 4 39 v G Ak R Y (8t 2 T Al A 4y, 8 0.068—
0.161 mg kg™' d™',10 ABMEB/N, K9 0.011—0.046 mg kg™ d™', AJ WL JBHLIE fk 2 AR T 3 ALk R |
[Fi) i} £8P B B S A s R AE 7.8 A 0 R A
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Fig.4 Net ammonification rate in wetland soils with different degradation gradients
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2.2.2  Z%IIR IR T AR s g R fb R s AR L RRAE

2 4 FIE S AT 0L Bl 1R AR B A iV 4 84 i AL sl A i K, BARORE . FE 0—10 em )2,
EFIE16(0.094 mg kg™ d7) >HEEIRL(0.079 mg kg™ d7") SR EFIBILMIAIEIL(0.061 mg kg™ d7') ,7.8 A4y
IR AR R N - e i AL R 3 v T AR BB (P<0.05) 5 7E 10—20 em + )2, F IR K (0.078 mg
kg™ d™) >HEER MK (0.067 mg kg™ d7') >AKIBAL(0.035 mg kg™ d7) >EREEIEIK(0.034 mg kg d7') |7 AHE
Hh A RS A R TR AR B B . Gt o T Bn | TEAS R A K B B AUFE 10—20 em )2 {8 Hb 1 1
i Ak R LA [ R AU BR BE Z [ A 7E 35 25 5% (P<0.05) , T 7E 0—10 em +2ZERA W,

FEANRACBEEE T, Bl e [B) A 4 28 AR T R 8 Ak R ( P<0.05) . #£ 0—10 em 1), KiB 1k
R B SR A B i o o [R] P RS 14 i A T 30 20 sl >\ A R AL AN i BE R A R B Se s/ NG 3K, HAE 7 A i 4%
IR B A S0 il A R i R, HYE M 0.109—0.213 mg kg ™' d™' 5 7E 1020 em )2, % 5 B AL FIH E B
AU B W b = 9 580/ N 5 8 R FR /S, A R A b - S SR R R N T AR AL B B s N, HLAE 7 A A
BB B A Y AL BRI, F 0.061—0.237 mg kg™ d7', 10 H 3 EE /N, 4 0.002—0.069 mg kg™ d™'
AU YRR AL B R T I AR R R A B B i AR A 7 A O R IR KA
2.2.3  JiREE R AL R P g U Tl 2R 2 AR AR AR

FH 3 4 FNE 6 AT LA Y, Wb 1 58 R0 1k i 23 B o 1R AR B A m ) AN 2 8 3 2 s/, BLACOR & HE
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Fig.5 Net nitrification rate in wetland soils with different degradation gradients

0—10 em 2 AS[] B i) - 585 Z 0 L s R I RN 3R - ARIB A (0.159 mg kg™ d7') S BEIRAK(0.127 mg
kg™ d7') >EEIEML(0.126 mg kg™ d7) >HEIEAL(0.125 mg kg™ d7') ,8 Ay ARIBILB B LS R fbE R
B T HANBR AL B, HAE 4 (0.286 mg kg™ d7') 3 7E 10—20 em )2, B{EHK/INIF N, KB (0.126 mg
kg™ d™) SIRREIRMK(0.123 mg kg d7) >HEEFIEAL(0.119 mg kg™ d7') >HEIEAL(0.110 mg kg™ d7') ,8 A4
BB BE S S B3 . TEARFEE KW B, AUAE 10—20 em + 210+ 385 A b AR [R)B AR B 22 18] 7
1E N E 225 (P<0.05) , 1i7E 0—10 cm + 22 FAHE

FE0—10 em + )2, i ] GRS BR T AR LB BEI 39805 S0 A 5 e K F5 sy , ol Ak o B
Yy, 57 A OyBE T AR AL By B H A A5 B 1k By BE s /0 (L R 2w T HAR A 435 78 10—20 em
+ )2, B I ] B RS AR A AR R b B B M - 3 T AL s g ik /N, 5 7 H 45 1B AL B B
AU R 0 2 T AL A 6y s T BER AL AN BB AR SE U NE K . 0—20 em + 2,76 7 A LS AET b

BRI, 10 MBI, 7 A0 135G {b MR 19 22 4638 o 0.217—0.305 mg kg™ d7',10 H 434 0.017—
0.079 mg kg™ d™', FEARIERALAEEET Wi bh 4 3 B (3 R AR AN [ B (8] BOAEAE 35 25 7 (P<0.05) . AI AL,
TR L B FRAR T 0 E bR Rl 2R (b B Bog B b e 7.8 Ay Bl KA,

2.3 IR DR N I R - S R b R Y 5 e

X A 3 R A R S RS P DL R M 0 06 R PEAT RDA ZZEHEY (& 7) , w4 HE il
FRIE(E A 0.5663 F10.1816, (5 MAFAE(EAY 74.8% , TiHiH-5 L 3E K FAYAHIC R B0 518 0.9417 F10.7087 , 2
TR R IR T 99.98% , FHUIHEF SR BT, 81 7 v, SWC . PRO URE HIFi Sk B LB K, WA [FHB 1L kS
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Fig.6 Soil net nitrogen mineralization rate in wetlands with different degradation gradients

FENRH SR AR 2 R . il L5 NR \URE \[TEM &2 i ¥ 1EAHE, 5 PRO NIR .SWC £ i}
MO i = AL BRSO R e e P A DG FEA (R FE— 2, 55 NIR .SWC Fl PRO £ &} 3 1E4H
%, 5 NR ,URE .TEM BZEMAHXE, K TEM 5 NR URE & B3 EMH6, SHAMF 752 B E 7%, SWC 5
NIR ,PRO £ i #1EM5E, 5 NR \URE \ TEM ¥ 5 5. & k6,

H - SFEER I PR F L B 1 BB A IR S R TR (3R 5) , 4 L IE X+ e A AL A
A R AR K E /MK YR g SWC . PRO NR NIR \URE . TEM, H:/ SWC 1 PRO ¥R + 55 & 1k i1k
TR AL HCRAFAE M0 (P<0.05) , HAB P F 52N .35 | 1 SWC {8 s+ 582k At A& 1h 3% 5Tk

Hih 67.7% WL, 135 KRS i N R b AR o - R e i EE YIRS &R
x5 TEREEFNIEHRIEEREREZHERE
Table 5 Interpretation quantity and significance test of soil environmental factors and soil enzyme activity
TR T fift R it DR {E F p
Soil environmental factors Explaination/% Contribution/ %

SwWC 50.6 67.7 10.3 0.002
PRO 14.8 19.7 3.8 0.046
NR 6.0 8.1 1.7 0.218
NIR 1.3 1.8 0.3 0.672
URE 1.1 1.5 0.3 0.754
TEM 0.9 1.2 0.2 0.782

URE ; IR/ Urease; PRO: 25 Protease; NR:ASFRIA R Nitrate enzyme; NIR : SVAHFRIE B Nitrite enzyme; SWC: 13 % 7K Soil moisture

content; TEM :Jil & Temperature
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3.1 RMURALE RE R R R SRR

B L R A AR I TR R VA U R R A R S A R AR R
FARFR AT ARBEFEAE R, s M R A IR AR BE 04 IR S 3/, T R A B R
P BE B T, A A0y b 218 MR 0 ot B Dl I, (-0 Y P S ol ml (62 A T AL 8 D, TR E s B
W 22 B JCHL AR 2 B AR R oK, AT e 2 S IR] 1 5 B0 A A 40 T D/, 85 25 S0 1A, 2 1 R
N AT SR 4 SR WY SO R D 5 A PR M | K S R R B L IEA OGO R . DAL
SV AP R D TG V1A R 1 DA D 5 i e R AR o R ) e A AR N S A R
RS PR R A R e LR RRIE IR VR T T i 25 R IO A A 5, T 225 - 38 S i R 3 D i
VEHT, Bt — 2D IS ) T M2 PO MR AG  fe7 B 25 e Aol , DT A 17 - v 2
R R KRR, 0855 S S AR AL R TR TR T RIS

AN TRTIE A U - M0 i A T 2 15 S0 B A A AR AP S A S, 345 1 Bl ) B R e 4 2R —
B, X RS S KEA 5, BER R AR e S K A, S PRI I, A W AR B R i A
GUET RN, IR HRIG T AT B IR A A ) - P IR A 5 R A SR N M 1A
T 25 P DT T P A MR P 2 S 25 IEAFOG , A U i (3 2) ek T E e i A 7, B 1
LSRRI S M, S St — 2D AR B A R RS AL VR S T R G 04 10 PR DR 2 e 1l e A5 L R Tt
TR AL RE TR | b S A i e, T AR S A

AWFFEAR s SRR AL B ] T AR R RS R, v T A AR B 1R A B AN A B
/N, BLAERAE T 3, 3 5 S R FR 5 SR — 50, S LR /N T BEG DR LA s A - 158 18
MBI A b SR e A R RN (3R 2) R R T A R S 2 R T AR AT K
P - R A XS I, S KRR (1 2) , K B AN, S S b el SR BN B A R A [ AR AR TR
TREALAE T, AT 204 00 AR TR AR, Y bR Ak 5 S vy 2 ) AP0 o IS Dl 2 | AT 5 2 AR AT, A7
Wb, A 1T R S R 2 AR T L A [ RURE  )  HE TR Tl R PR T
AR F R R U A T R DG SRR , A IF T 4G SRR, 25Tt it b 39 U Al 1 R 2 S P
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WFIERSE, BT LR F RS A A0 ARt 2 2 il L B SR A P AR 0 B I 22— 3 5 W A R o e FE
AR AL R p A AL AT LA AR A A B S 4 R — 80
3.2 B R b R A A I R AR AL AR

Y 38 R 3308 3 5 ) A A 0 3 0 R X R T 0 3 52 0 A R 20 AR S R B, B I ] F RS, A T
AR A I S A AR A R U I R A AR 5 22 5, 7.8 Ay B R, HAZ IR
Bl B 1T — 2, X5 SR AR AN [ AR 23 R SRR S R I AR Y S A BB TS SR —
HW X ATRER R TSR IR Rkt A R 22 5, LR A L BN TR —Su B sy R
P58 W IRLEEFE TR DY IELEE T i Xk -39 A (st P B WY S AR A ) TRy R 0 i vy, -3 2R
2 Hoiw ROEHERGE TERCERERT , LA LR DR R, TR VIR X LR YR A
S PEEA BRI AT, SOAE T AR A SO W, RS KRR R R A AR T ) e E RSN R H
5 R AL ARG B IEAOE, 3K 0 R0 A B A A 2 B8 s R R L SRR W T PR A T, B
~F S K i A R T A 1 B R A, A e e R e i R e fR e R
[RIAR, 45822 B0 35 /K o BRI 1 38 o e 25 SRR A R, B LAAE AR ) AN TR) A K B B S R T R B AT ok 22
S H7 8 OB I T A AR MR AR R Y B TR B R Ak, &
SRS PR R LR R N R, IR E S S LR A AR X R A B R
P tUR B B AHE . ABIFSE h 3R A R PR S IR I R B S IE A DCOC R HLR SRR
WP AE R, AR AR ) A (030 e 2 B PR e, R A A T R R

b A KX L S A AR BPSEIX 7.8 A AR AR K A IE S | R R, A )
AR AR, W AR T R R, T 1 R ) R AR 10 H ORI AE KRR TR R TR
A%, AT 7 B0 ™ A T TR 10 003 278 il A C ARG, 400 ) 77 38 A i 4 0 R
P, P ECHIERS AR B E R,

4 Zig

(1) 1R MR AT 3R fhat B HA S IR . B AR AR B %) i Vb - 90 T b o R AR
o TR, R A R AR R N T R T SRR A, R R R B B R T AR b
Bt (P<0.05)

(2) HHERE AL SRR R R A A [ 1 R (A 7 25 52, 4R Ak B BETE 7.8 A 0 Hh B i
AR, 10 A AMERAR , HLBEZ I ] 4R HAR R 8 T — 80, W@ R Ak R BE 32 )% + 3 50 1L VE A7 7
A H I (P<0.05) , H S BRAERT ) A5k 8Tk b 2

(3) TUATA &l SR e W, + e R B DX 7 R 76 1 %o H b 3R b i R b B R fbad R A B R e (P <
0.05) , il Ak %5 MR S | JOR T 5 4k A IR 52t B 35 IEAH G (P<0.05) , 538 [ Tl A PR 348 R | 25 7K =
i ADE(P<0.05) | T S AL FTG Z0 AL 55 A G R sz, e A 8 8 7K o 2 R e 20 R b i 7
3R AR SRR B R 2
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