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Characteristics of soil N, O emissions with different salinity
contents in coastal saline soil

WANG Yuxin, QIAN Siyan, YANG Weitong, TIAN Xin, LI Shuqing* ,ZOU Jianwen

(College of Resources and Environmental Sciences/Key Laboratory of Low-Carbon and Green Agriculture in Southeastern China,

Ministry of Agriculture and Rural Affairs,Nanjing Agricultural University , Nanjing 210095, China)

Abstract ; [ Objectives ] Coastal saline soils, as potential arable land reserves, harbor significant productive capacities. A win-win
scenario for business and environment can be achieved by scientifically enhancing and employing saline soils while taking greenhouse
gas emissions into account. We examined the N,O emission patterns from coastal saline soils at varying salinity levels in order to lay
a scientific foundation for later efforts in salinity regulation and mitigating the greenhouse effect. [ Methods ] Natural coastal saline
soils with varying salinity gradients were collected for the laboratory incubation experiment. The soil salinity levels were measured as
0.96,2.57,4.04 and 15.23 mS-cm™", respectively labeled as Y1,Y2,Y3 and Y4. Gas chromatography was employed to monitor the
emission characteristics of N,O from coastal saline soils at different salinity levels. [ Results] Variable soil salinity levels resulted in
dramatically variable N,O emissions. Soil N,O emissions decreased as salinity contents increased within the salinity range of 0.96 to
4.04 mS+-em™'. N,O production was again enhanced when the salinity contents reached 15.23 mS+cm™. The emissions (2 598.94
pg-kg™') were second only to those recorded in soils with a moderate salinity level (5 384.17 pg-kg™'). The survival of soil
microorganisms was stressed by the rise in salt. Salinity disturbances were more likely to affect ammonia-oxidizing bacteria ( AOB)

than ammonia-oxidizing archaea( AOA). AOA remained comparatively more abundant in soils that were either strongly or moderately
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salinized (Y1,Y2,Y3). On the other hand, the relative abundances of AOA and AOB decreased in heavily salinized soil( Y4) , which
hindered the nitrification process. Additionally, the cumulative N,O emission demonstrated a strong positive association with the
potential denitrification rate( PDR) under the effect of the salinity gradient. One of the primary elements influencing denitrification
was the amount of organic material present. Because microorganisms might directly use dissolved organic carbon(DOC) ,they had the
ability to manage its turnover in soil. The abundance of the nosZ gene dramatically decreased as the salt content kept rising and the
soil type was identified as saline. The nitrogen in the saline soil of Y4 eventually discharged in the form of N,O due to the inability to
complete the N,0 reduction process. [ Conclusions ] In coastal saline soils, the salinity gradient affected the nitrification and
denitrification processes, which both significantly contributed to the transformation of soil nitrogen and produced distinct N,O
emissions. The rising salinity contents lowered the rates of nitrification and denitrification, which decreased N,O emission in the
range of 0.96—4.04 mS - cm™" for EC,,,,. N,O emissions from nitrification processes ( heterotrophic denitrification and nitrifier
denitrification ) became the main source of N,O emissions in saline soils,but nitrification production declined as the salt classification
exceeded salty soil.

Keywords : coastal saline soil ; salinity ; nitrous oxide(N,O) ;function genes
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1.3.1 SEHERMRESSH FEHAGHET 3 d B RRE 2 WA, 735 A G 2.12.24 .36 Fil
48 h, 5 4~8 RERRESM, B9 REABHFRGAR  RAIRILER N 2~3 d RE 1 IR, RN [H]EEA [
FETE H Y 07:00—09:00 F119:00—21:00, HEUCRSHT, 1 SCHEBREEIE IR0 ST 80 e i AUk
2 /010 min , fFHE SR 5 PR R A5 fif 23 =5 O S IR R/ ML B A =38 1R AR e 9
SR O AT AL T8 2 25 P RARAS SR IS 28 R AN 25 mL SUAVE 5 5018 B H A G I 46
BREHIEE 2 h 5 HUCRERR, WSS , 75 0 R A5 25 PR P PR A T 5 7 o5 SRR ASE
SRS LT SO R SRR i, AR LS Agilent 7890B (32 [ ) , HL T4l SR A U £ (electron capture
detector, ECD) K N, O, S0 95% T AM 5% F R IR A, N,0 HEBGE EARE & AT 0~2 h 3
UMM BT A
pXx273x(C,-C,) XV
T (27347) xmxt (D
AP R A BECE A (ng-kg™ -h™") 5p W RPRUEIRZS T (0 °C, 101 kPa) MBI (g-L7') 5 €, HEH
2 hWESRHREE (PL-m™) 5 C, B E T SR (wl-m™) sV R (m®) s T A EE IR R
(°C) sm AFEFRMN LT E (k) 5¢ EEEE (h) .
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1.3.2 WZIERWAE R pH H (METTLER TOLEDO FiveEasy Plus FP20) 1t 5 (Y ( METTLER
TOLEDO FiveEasy Plus FE38) 437l 3% pH {HAIH FR (EC) , MK LB ok 2.5 1 R AT 8h 43
Hri ( Skalar SANplus analyser, Skalar , faf 22 ) %€ £ 85 A (NH,-N) A A E(NOL-N) AHAZ (NO-N) &
it R FHICE AT (multi EA 5000, Analytikjena , 782 E ) P 2 &85 (TC) S (TN) & 5 5% H TOC 43 #4Y
(multi N/C 3100/1, Analytikjena , 75 ) I 5 0] 3544 ALK (DOC) 1 & 5 >R I HL BRI & 48 85 IR R GOtk
% (Agilent 710, Agilent, SE[H )l K* Na*, Ca™ Mg™ & & ; K B F 41 1L ( Dionex ™ ICS- 1100, Thermo
Scientific , 38 [ ) WIE C1™\SOT & L ; R F SRR AR 12 R 2B il 32 43 000 2 i Ak v 34 8 ( PNR) il J
WAL $di3 (PDR)
1.3.3 DNA BRI EREENH KA DNA HEGAHF £ ( Dneasy® PowerSoil® kit, QIAGEN, 7 [ )
PEHL AL 5 DNA, EL R 25 B 4 B 500 & 0 B 5 5 R 8 10 5% 41 43 D' )6 B 1 ( Nanodrop, Thermo
Scientific , 5% [ ) #ll 72 418 DNA ¥ BE R4l B, SR FH SC B 2% 56 2 &8 PCR Y ( Applied-Biosystems Real-Time
PCR, Thermo Scientific , 3% [E ) % ik . S A b ad BRI BEFE I F2 1,20 L P38 S iR R . SYBR® Premix
Ex Tag™(2x)10 pL, IEM 514 0.4 wL, M54 0.4 wL,ROX Reference Dye II (50%)0.4 pL,DNA mf 5k
AR 2 wL,ddH,0 6.8 pL, ¥ 8B FEF .95 °C 30 5395 C 55,55 C 30 5,72 °C 1 min, fEH 40 ¥;95 C
155,60 °C 1 min,95 °C 15 s, SI¥FIHNWE 1,
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Table 1 Primer parameters required for experiments

H i EEH EIL B4 EE7E2]) Fr B K/ bp S Sk
Target gene Primer name Primer sequence(5'—3") Fragment size References
CrenamoA23f ATGGTCTGGCTWAGACG
AOA-amoA CrenamoA616r GCCATCCATCTGTATGTCCA 394 [26]
amoA-1F GGGGTTTCTACTGGTGGT
AOB-amoA amoA-2R CCCCTCKGSAAAGCCTTCTTC 1 [27]
. nirk-F1aCu ATCATGGTSCTGCCGCG
nirk nirK-R3Cu GCCTCGATCAGRTTGTGGTT 473 (28]
- nirSCd3aF GTSAACGTSAAGGARACSGG 05 129
mr nirSR3ed GASTTCGGRTGSGTCTTGA
s nosZ-F AGAACGACCAGCTGATCGACA 280 [30]
nos nosZ-R TCCATGGTGACGCCGTGGTTG

T : AOA-amoA : B T Z H M BB S I ; AOB-amoA ; ZEE AN T 22 0 1 S8 R A 5 TA) 5 i ; Cu T2 7§ TR 3 D 4 B 2 4
nirS : ML cdl BRI FRIE S B S L 5 nosZ - AL 0 RUIE S A LG 5 P
Note : AOA-amoA ( Ammonia-Oxidizing Archaea-amoA) : Gene encoding ammonia monooxygenase from an ammonia-oxidizing archaeon ; AOB-amoA
( Ammonia-Oxidizing Bacteria-amoA ) ; Gene encoding ammonia monooxygenase from ammonia-oxidizing bacteria; nirK: Cu-type nitrite
reductase-encoding genes ;nirS:; Gene encoding cytochrome cd1-type nitrite reductase ;nosZ ; Gene encoding nitrous oxide reductase.

357 10 RS RGP S IR B 10 R, LA A Ao, beafie M1 A G R ORI SE PR Fr
HERUR R bR, ORI DR B A
6.02x10”xC, x10™

CNpy, = 3
DNA Ly, X660 (3)

T s OV BOREPE DUEL (copies w7 ) 5 €, A BURLIR BE (ng - wL ™) 5 Ly, A& B PR 5 804 00 6 BOK
(bp) 56.02x 107 Ay BT R A 25 15 50 ( Copies-rnor1 ) 3660 h— Bl B 1Y 43 i ( g'mor1 -bpfl )
DUBTRLYE DI log fE A AR AR, XA € fB A AR AR il 25 JE R B bR I £, A G R B (R? ) b2
=T 0.99,
PR MITHRE AR,

E=(107VFEIEEE 1y 51009 (4)
FrRUEITZ Y B BOR BEAE 90% ~ 110% .,
1.4 HIESHMGEITHE
PR R TR T R R IR0 25 A DT B br v iR 25 i SR B, i Ak SO Ak
FEDIREIE H 45 DL 2 X B35 Je T IR 223158, R Excel 2016 il SPSS Statistics 26 FF #4754
IyMr R R ANOVA K36 R Pearson AHSEMESMHT , 08 Origin 2023 424,

2 HBR5HH

2.1 AREHEZNTREEHZELTIE N,O HERUFE

M1 ATAL FERE AN IR RE v B B R BE R MR T 1Y N, O HE R FEA — B, it BUS BB H S A
FIFEAL  N,0 S5 MR R, i3 Y1, Y2, Y3 59 N,O HECH RAE A5 1Y 2 d N2 -
Tt,2~4 d 208 BT ARG, b 38 N0 HEBCGE AR BN BRI Y1.Y2.Y3, Y1.Y2.Y3 4k
PR N, O HEBGERAE 3~5 d s PR, M 10 d 5 IR L AE S ER UK B2 45 mdh o
3 Y4 FERIEHEHIE N,O HEBGE ZZ A L FHE AR BB BIE(E 4~ 12 d MR & e R 76 5 i i HE UK P
(7.33~12.66 pg-kg™ -h™'),12~15 d, Y4 Kb HE 31 N,O HEBGHE R T B, 76 25 Gn A de R AE 3 IR
JEESIE

145 N,0 BRUHERCRE MK BN BRI N Y1.,Y4. Y2, Y3, RN Y1 13 N,0 BRH
(5384.17 pg-kg™") B3 T A 3 Fhdh B2 19ER 15T + 48 (P<0.05) . Y EC,5., 24 0.96~4.04 mS-cm™ B, Y1,
Y2.Y3 B S S N0 fbilE 2 W O G, HARER S 3 Y1 A, Y2 R Y3 B3 N, O B T
BN 64.33% K1 87.94% , i 24+ A 15.23 mS-em ™ B N,O0 HEUIEHER B SR | Y4 1 37 15 37 5 4]
TN, O HEBUG AR, (A HERT R ZE B BRI L 2 598.94 pg-ke™ , 2078 Y3 HHE N, O HEjifci 19 4 1%,



552 3] LT, A5 AR R SRR 5T N, O HEHURRE 257

-~ 70 ~ u 8r
PR . V14 »E P
- " Y2; g | 2
EE T . Y3 EEC
02 40F Fi . Y4 o
S =) I ; ﬂjg 2 4t b
i 5 300 =5
= O ; = 2 b
= Z0f B E ol
S 108 B S c
), o, =
Z O* f e T T N S roog | Z'\I Z 0 Iil
0 5 10 15 20 25 30 35 Y2 Y3 Y4
}i 3214 A]/d  Incubation time Kb B Treatments

E1 AEHELTEN,O HHEELA)MHEHRAE(B)
Fig.1 Dynamic(A)and cumulative emissions(B) of soil N,O with different salinity contents
Y1525 R+ Mildly saline soil (EC, 5., =0.96 mS+em™ ) ; Y2 HE R 75 + Heavily saline soil (EC, 5., =2.57 mS-em™) ; Y3, HJE 5
+ Heavily saline soil(EC, 5., =4.04 mS-cm™") ; Y4 + Saline soil(EC, 5., =15.23 mS-em™ ). NE/NEG FHREIRTE 0.05 /K22 5 B3F
Different lowercase letters indicate significant differences at 0.05 level. T [fi] The same as follows.
22 AEEHELTFEHZER
221 BFEE ARBREEREER HIENE TR 2R IR 2, BEERT LB e R 2L
Na' Ml CI" N, & EC HMTE, T KIS PRI B+ (K" (Na” Ca®™ Mg™" ) RIS ¥ (Cl7 S0 ) 1Y
FRWEEZ I, K S RBYEFN 1.12~7.14 mmol -kg™, Y1 HIEAY K SEERE T Y2 £ Ca” &8N
1.56~9.28 mmol-kg™' ;Mg™ & 7E Y4 H8rh & 555, i85 31.08 mmol - kg™, ZEARER B RN H B h 15 1 48
19 1.33 ~7.46 mmol - kg™ s Na" fE N £ 3 8 7, H& iz & T HAL 3 Mg 7 & &, 4 16.07 ~
186.46 mmol-kg ™", JLF- 2 HoAt 3 FhES A 6~ 16 175, Y4 H3Ed 1 A1 SO2 &4 K T 30 mmol kg™, 7331
o4 39.70 Hl 32.62 mmol - kg™, AR TAIFE MR BRI B 4R35t e e T A /T 10 mmol -kg ™'
IR R L (SAR) RIS AMERN E 43 LU (ESP) 5200 3855 43R B0 R E M) A= A B0, % T B 3h 15t +
ﬂﬁﬁ&Féﬂ%ikE& RAEMATEEE L, SAR W/NFIRA AR Y1.Y3.Y2, Y4, Hrp Y3 T
Cyos [N 4.04 mS-em™ , KT Y2 +3EMY 2.57 mS-em™ {HSE Y2 +3EAY SAR {E(8.72) & & T Y3 +1
(7-67) o ESP B - HEEh B i B mi g in , ¥4 20.29% ~67.61%
*2 AEHETEREFER

Table 2 Soil ion indexes with different salinity contents

B FIEH5 Index of ions Y1 Y2 Y3 Y4
pH {fi pH value 7.98+0.02° 7.96+0.03* 7.85£0.03° 7.87+0.00"
ECy5./(mS+-em™) 0.96+0.00" 2.57+0.05° 4.04+0.04" 15.23+0.03*
IR & B/ (mmol - kg™ ) K* content 1.45£0.01° 1.12£0.02¢ 3.06+0.02" 7.1420.04°
IRIEMER & &/ (mmol - kg ™' ) Na* content 16.07+0.01¢ 47.140.10° 59.22+0.31" 186.46+0.75"
IRIEPESS & B/ (mmol - kg™! ) Ca®* content 1.56+0.01¢ 2.90+0.02° 4.54+0.02" 9.28+0.14°
KA MBS B/ (mmol - kg™' ) Mg?* content 1.33+0.00¢ 2.97+0.01° 7.46+0.02" 31.08+0.54°
IR S 7/ (mmol - kg™ ) C1™ content 2.02+0.00" 5.21+0.01° 6.20+0.01" 39.70+0.36°
IRIEHEBR R/ (mmol kg™ ) SO content 2.87+0.00" 6.62+0.01° 9.710.03 32.62+0.28°
FAZ I L SAR 4.24+0.00¢ 8.72+0.04" 7.67+0.04° 13.21+0.07°
SRR E 7316/ % ESP 20.29+0.37¢ 38.13+0.12¢ 44.01+0.23" 67.61+0.10°

Note : SAR ; Sodium adsorption ratio; ESP ; Exchangeable sodium percentage. The same as follows.

2.2.2 ERELSMER OAZE 3 0IHL4 BhRIEAY NHI-N S8 2R 0%, a8l @ aURa R B Y1,
Y4.Y3 . Y2, 52 ER i 4 rh NHE-N & 0 F LR 10 2~ 9 %, R EL vl e Sl 3 w1k 244
3 KTF 0.96 mSeem™ Bf ,NH;-N it 5Eh B 2 A SC, HAE Y4 s H P A A S B, Y2 BN
NO;-N &t i & T HAD 3 Fh 38 355 5.89 mg-kg™' , X T AESEASRMFLE X, Y1 F1 Y4 +3 DOC
SEET Y2 A1 Y3, 58 73.26 il 63.56 mg- kg™, P EH ZEFIF AR E, Y3 L3 DOC & & (39.58
mg-kg ) Ak, FEHRFE L Y1 4 TC TN ﬁ‘%ﬁ%?ﬂ? 4391 19.30 1 1.61 g-kg™' o AS[A)ERE 145110
PNR B EC {EA T M FEAE, 4 0.24~2.68 mg-kg™' -h™", Hi Y4 880 PNR A%, Y1.Y4 -3/ PDR
439K 255.85 F11283.93 pg kg™ -h™' BEET Y2(76.43 wg-kg™' -h™') [ Y3(98.81 pg-kg'-h™") 14
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x3 TRBSIETREUFER

Table 3 Chemical properties of soil with different salinity contents

FLA kA5 FR Basic chemical index Y1 Y2 Y3 Y4
BAA SR/ (mg-kg™' ) NH;-N content 13.21£0.03* 1.38+0.11¢ 4.89+0.07° 6.1620.11"
A A &/ (mg-kg™' )NO3-N content 0.16+0.12" 5.89+0.03" 0.29+0.10" 0.45+0.03"
A PR & B/ (mg-kg™' ) DOC content 73.26+9.01° 56.30+17.30" 39.58+8.40" 63.59+0.41°
BB/ (g-kg™) TC content 19.30+0.33* 16.63+0.09" 15.63+0.18¢ 15.82+0.20¢
HASE/(gkg™") TN content 1.61£0.02° 1.33+0.02" 1.14+0.07° 1.04+0.06¢
HALTE R/ (mg-kg™' -h™" ) PNR 2.68+0.40" 1.09+0.01" 1.04+0.09" 0.24£0.02¢
SR E R/ (pg-kg™' -h™' ) PDR 255.88+19.62° 98.81+1.02" 76.43+7.89" 283.93+8.45"

Note: DOC; Dissolved organic carbon; TC: Total carbon; TN: Total nitrogen; PNR: Potential nitrification rate; PDR: Potential denitrification

rate. The same as follows.

2.3 TEREFRPHEAENRBELIGEERERE

fifi FHSE RS 26 RE HiE PCR IISE T ASTRIER 4346 B 1 4% DNA BE 5 A H PRI REZE N 0, L iE s fhid #
AOA-amoA Fll AOB-amoA VAN St 53 BE 0 nirK . nirS 1 nosZ (K 2) . 4 Fi + 1 AOA-amoA )RR F
(copies+g " ) HIMEN 6.67, Horp Y1,Y2 Y3 HIEMILF N 6.82~6.92, B & T Y4 +4(6.03), 4
Ffi 451 AOB-amoA PIFFAE T E AR 22 5 SER £ B R BN AR BEAK YRl Y1.Y2,Y3, Y4, ok
Ui, AOB-amoA (ISR EE K 7.64, BT AOA-amoA HYF-XFEH FJE 6.67 ,{HAH L T AOB, AOA V5T
REHEPIER I8k, Y4 13319 AOA-amoA Fl AOB-amoA HEPH 42 FE 1 i 31K T 30ft 3 FhEh sy i 133, &
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Fig.2 Abundances of key function genes for nitration and denitrification with different salinity contents
IR B LI T A FE R 2 DU ST BUE T . Gene abundances are calculated as log score of gene copies per dry soils.
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SELERANEL, th I L TARZE (O 1 00 , L3R PR A AT LT & e 2k s By i i R 5t
AHITRAE Y sh o A HUBR, A e 3gem | U5 R, IR R e AL A2 B BRI

LR B [6] T s A R A A LA 200 1 D) 5 5 it ) DR D J1 e A 5% R T 2R 8 v 2 xR BE A
HUTE S L R SRR EC L SAR ESP K T A B 8 b 24 5 i Ak L BORE Ak ik R A DG 1 3 g ik
AOA-amoA ,AOB-amoA \nirS nirK 1 nosZ FAAEMN .3 B TAAHIE R (P<0.01) , HHEIIER B I UK 2y i 163 46 V5t
TP R M 2 R R TR S AR Y IR N T — | RN R 20 A W A A R T B
WK E TR0 10 R AE D REIR A , AN BURR A Wt 7 BRI O 22 1 R RORACHTER 0

TEAWIFEH N0 HEEEARRIN B3 POAHSCHER R X AT RE= T N,O M7 A S5l — S J i
SUREIPES U7 8 ANG 7N B (YR SO S w8 i VI K= 7 3 =TI Ry S N R
T, R LA R A A B, AR AR AR RR AR AT B DG SR D BESE A F BE Rl 22 T, 3 L3k /U= ]
B B A

x4 FRABRHSSEIEEFIERS N,O HIHE LEERUEHEL RELHEERFENEXRY
Table 4 Correlation coefficients between soil ion indexes with N,O emissions, chemical properties,and gene

abundances ( nitrification and denitrification processes) with different salinity contents

EC SAR ESP K* Na* Ca® Mg** cl S0%”
N,O0 -0.25 -0.49 -0.55 -0.24 -0.30 -0.39 -0.23 -0.17 -0.26
pH -0.60* -0.57 -0.72*" -0.68 " -0.61" -0.71** -0.61" -0.52 -0.61"
NH}-N -0.17 -0.54 -0.47 -0.05 -0.24 -0.26 -0.12 -0.12 -0.18
NO3-N -0.28 0.09 -0.11 -0.46 -0.23 -0.29 -0.33 -0.26 -0.27
PNR -0.77** -0.93"" -0.93"* -0.71"" -0.81*" -0.84" -0.74*" 072" -0.78*"
PDR 0.51 0.20 0.18 0.52 0.46 0.37 0.54 0.58* 0.50
DOC 0.05 -0.13 -0.22 0.01 0.01 -0.09 0.06 0.13 0.04
TC -0.56 -0.76*" -0.81*" -0.55 -0.61" -0.69 -0.54 -0.49 -0.58"
TN -0.76 " -0.85** -0.93** -0.76** -0.79*" -0.86"" -0.75*" -0.70* -0.77"*
AOA-amoA -0.93 " -0.79** -0.78 " -0.91"*" -0.92*" -0.87*" -0.94" -0.96"*  -0.93""
AOB-amoA -0.95"" -0.78** -0.86*" -0.98** -0.93** -0.94*" -0.96*" -0.93""  -0.94**
nirS -0.82*" -0.77*" -0.72*" -0.76*" -0.82"* -0.76"" -0.81*" -0.84"*  -0.82""
nirk -0.84"" -0.84** -0.80*" -0.77** -0.85*" -0.81*" -0.83*" -0.85""  -0.84**
nosZ -0.75*" -0.64" -0.80*" -0.85 " -0.75"" -0.83 " -0.77*" -0.70" -0.76 "

Note: * P<0.05, ** P<0.01.

ML 3 AT, U A AT B A KR i A SR NHG -N BAA e i A B2 v N, O HEk % 3
3177, N,0 5 PNR M 2 IEAH G, i & WA A0 A AT s 2 42 28 N,O Ay HEL, ok N0 HE e 5
NH;-N &t 2 35 IE ARG (P<0.01) . Bl ER 5 (%) Wpae 2500 39 5, i AL AR B il , 4% NH;-N B 77
s E LU AT AU B B NOS-N, o K WF R 45 R 5 A S0 4538 — 8, BVIREE & (EC,,., =
0.96 mS+cm™") 1 LIl -3 R R RS AL Ak, 13300 S 2 1) 55 - e Ak BE ), 13 NHL-N 1)
R ZWT R , IFA T RERS N e 4 & ps ) N, O HERR 5 TC TN\ DOC & fit 5L 0tk 35 1E AH
X (P<0.01),TC. TN 55 PNR 2[RI F 0 i i & 1EAHOC (P<0.01) , AT 1 3580 | U WA 201 & 1 3
AEAE FH A RHIEL N, O 7= A FIHER 0 S0 R 2 22— Y1 A T HoAh 3 Fh 38 BA e e /TR 3K
P, T LUA AR VR FH B A 70 1 9 3 5, AT ™= A2 5% N, O HERK

N,O HEfti 5 PDR 28 # IEAHSC(P<0.05) , Al Ak WA R AE T, A Ak AE ™42 N,0 B
AREARIFMEA, 85 Ay 3R AR XTI O, it R4y KA Ao U™ AR 4 w0,
DOC 5 PDR F I 35 TF A 56 (P<0.01) , 5= DOC 2 R 13 iz il Ak A6 FH 1 e 5 22—, Y2 Y3
R A9 DOC S 8AUN Y1.Y4 30 54% ~T7% , —F 0] fig th T H AT FEAHE R OB VE, A 2 DL S 4%
FABACVERT , DT A e Ak s 8 7= A= 19 N, O HEC, PNR 5 AOB-amoA 3230 H BE 5 1) 1EAH RN ( P<
0.05) , X F I Z E LN B 7E L5 b A 86 3= 47, G R TR T IR B RS VE T, 54T NLO /7= A8
fb. HABTIREILH FE S N,0 Z [AIAHCH A B3 XAl e/ T N,0 = A 5 fbad B If Ak th B — 28
A TS
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