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Abstract

Food security is an important issue for all countries around the world, especially
when food production has been challenged under climate change. The food self-
sufficiency ratio of Taiwan is around only 33 % weighted by energy in 2013, with
importing excessive cereal grains as a serious threat to Taiwan. Also, there is about 10
% artificially greenhouse gas emission generating from agriculture production.
Therefore, it is suggested to mitigate the environmental impacts from agriculture
production system and increase the degree of food self-sufficiency ratio of Taiwan.
Rice-wheat rotation is a possible innovative cropping system for Taiwan, which
integrate with the upland-lowland rotation, wheat production and labor saving. In the
present study the analysis of environmental impacts of rice-wheat rotation system was
performed by the tool of life cycle assessment and hot spots of the impacts for the
cropping system were determined. This study is aim to establish a local climate-smart
cropping system which is high yield, high quality, energy saving, food production and
eco-friendly.

In the study, a two-year rice-wheat rotation experiments at TDARES (Taichung
District Agriculture Research and Extension Station) and Daya (Taichung) since 2012
winter was conducted. The system boundary of life cycle assessment consisted of
production of farm inputs (such as fertilizer, pesticide and seed), tillage, irrigation,
farming practice and post-harvesting, and used the function unit as kg grain and per
hectare in evaluating the environment impacts from crop production. In this study we
selected energy consumption, global warming potential, acidification, and
eutrophication as environmental impact items to evaluate rice-wheat system. According
to the research results, the main environment impact came from field emission and the

variation was up to 50 %. In each crop, the GWP (Global warming potential) was 3~53



tg CO2 eq /ha and 1.3~10 kg CO> eqg/ kg grain. Although field emission was the main
hot-spot, it still could be improved by modified fertilizer management. In this study,
fertilizer adjustment was the most effective way to mitigate the field emission, while
other adjusted strategies such as tillage and second crop period fallow didn’t show
consistent mitigation effects. But there is still some positive effect of non-tillage and
changing crop residue retention ratio has been confirmed in several long-term field
research.

In all, minimum tillage and suitable fertilizer management seemed to be the

suitable practice for establishing climate-smart rice-wheat rotation system.

Keyword: Rice-Wheat rotation, Life cycle assessment (LCA), Climate-smart

agriculture, Denitrification Decomposition (DNDC), Carbon footprint
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AC
CSA
DNDC
EP

EU
GWP
LCA
IPCC
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Acidification

Climate-smart agriculture

Denitrificaiton Decomposition
Eutrophication

Energy use

Global warming potential

Life cycle assessment

Intergovernmental Panel on Climate Change
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B 4 ¢ 8 =i (Life Cycle Assessment, LCA)
itz fre 2 AEAERY T+ 2L R B

1. 15014040
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;ﬂ%a4aﬁ§@mm;

?‘;,,/_'_
%2 BT~ w T I R RH
T HA X
-t GFP T AN TR

GEYY RBE Y R HEARE ¥
Gk Bt A AT i3 5 (B AR > o0
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Scope Definition)

cycle Impact Assessment, LCIA) % 2

% %~ 47 (Life Cycle Inventory Analysis, LCI) ~ f#=# 4 47 (Life
24 i
SOUBARY & PRELRAET T Apig i > L 2o

P35 4 A& 5T < 2 3% 4 (Greenhutetal., 2013) o o >t A3E%k 1 & P h 5 3+
ek A s
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HEREA
ERERE LS Sy >
e b s ® i LN E
BB 5 — = ® )\ EHE
T ® 4T
- ® —-,E;-f‘t'a
iR — \ /

_/

Bl 22 &= A EEY (B2cp 1SO 14040, 2006) -

2.3 G W FRR T

AFEHEFFE SR L GRY TR R S A2 AL GRYITR
e & AEKR T N AER o B R RFUT i AE R (R 3
WRhHt T o F AL B ET R R BRI LYt B EATAD MR
BHaokfel $2 AEARY on BH Y TR » R8T 4 e bl iesr
Bp o I B Y Bl RS PP Ay L A
FEorpdc el 3 F Mo s =R R - B iv S e B4t R AR EE
HefEF X PP E TR RS A AEATY Arid 2 TR B B (S ot i B

i (functional unit) )1 — 2 7 ehe F - & 7 ) F R LT

15



— %2 % (functional unit) |
B ROR SR A 1Kg &%/ 1 Kg b &S
(Agriculture processes) 1 ........................
BN 2 f# At T
Bl > Ei (post harvesting)
> #Hfk > D> %
%{ 25’2 9 ﬁﬁﬂg > Hsi’,?»’x
-> wﬁ- zaz > (¥a)
>
> BB
N 7
BRAE s
& R BEK e v| % % R A8 FEH(GHG emission)
(field emission) | e > #kk (leaching) N/P

Bl 3 ARREEHhT2 L A FER -

SRR R 25 -]

o itk B R ARERE T RN LRI R TIAMS F S

Aok e

(1)DNDC

DeNitrification DeComposition(DNDC) = — & * **fidg e R 3 7 i x
2_1¥F 5% > 4 £ B New Hamsphire % £ # (Chang-Sheng Li)#&# B % » 4+t 2
HAEF -+ F ¢ PR AR Z § ARE 4% DNDC B 5 ¢ AR i b * t3F 5
B 7o #I%FET R * (Caietal, 2003; Fumoto et al., 2007; Katayanagi et al., 2012;
Lietal, 1997) » B o 2 & § B R47enpb 403892 1 (44, etal., 2006) % F 35 2

4 (Chenetal., 2013) i 7 DNDC #ic3' chsk 3 o A 3¢B i@ * 4 & 5 DNDC9.5>
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-

£ 4 ¥t 2014 & 7

z 2 3 4 iz (Soil Climate) -

A '\j\r.;f‘f‘% B4

g 4

—Z_ Y
P iy

2R A o HNA RS

£ (Plant Growth) ~ % f# i% *

(Decomposition) ~ %t % i% * (Denitrification) ~ s it ¥ * (Nitrification) % % fi% i *

(Fermentation)(Li etal., 1994)(® 4) - DNDC b’L’rﬁ%] PN

Hi feg 4

EfR T

%frl:izl—g Hamz)

7
~

FAte

ARERRFE TR Y 2

ERRET Lt

. o
¥ 2 d 5

Bl do pmy ARERE TR 0 R M E R EFHG2
i B
Climate Soil Vegetation Management
]
| | ]
Seil climate Plant growth Decomposition
| Temperature ‘ ‘ Phenology ‘ ‘ Fresh litter partitioning ‘
| Moisture ‘ i ‘ Yield ‘ - ‘ Microbial assimilation ‘
| Runoff and leaching flow ‘ ‘ Litter production ‘ ‘ SOC turnover ‘
| Oxygen and Eh ‘ ‘ ‘Water and N uptake ‘ ‘ CO2 production ‘
Temperature = Moisture pH Eh  Substrates: NH,*, NO;, DOC
Denitrification Nitrification Fermentation
Reduction of NO3 ‘ ‘ Oxidation of NH4 ‘ DOC — CH4 ‘

NO3, NO2, NO, N20, N2
production

NO2, NO, N20, NO3
production

CO2 +H2 — CH4

M 4DNDC ¢+ = #7) 2
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(2)SimaPro

SimaPro #x %2 (PRe Consultants - the Netherlands) % 7= Leiden + £ 3t 1990 #
AR Ak o SimaProp iz TR EZ FREE > T F ufk ks Sl XA
Sd GXPLETH LD RERALR A ST D TR ARE%K

gk A 5 SimaPro 7.0 HiEg 2 2% % d Leiden + & #72& = 2. CML 2 baseline
2000 v 2.5/ World 1995 » d 5 #5377 etk gk @ * o
g% SimaPro 4 &z Fate 7 T AITHL(F SRR AIT) S R (U )

T EPREZ W al A hEYHE AT

4, 3 & R ER

AES LR eIk B R R % 2ok % (Global warming potential, GWP,
" CO; 5 % £) -~ fit it &4 (Acidification, AC, ™ SO, 5 % £) ~ B4 it BEH
(Eutrophication, EU, ™ PO4 5 % £) ~ it £/ 4= (Energy, ™ MJ 5 H i=)(Brentrup
etal., 2004) o #rri#-2 GFHFERIP PEAFF D 2 GEFPELL > £ 1L 5E

BEEE BRI 0 S S S BRI 4 o

()4 g (classification)

FEY B gm:;glg B 7 R IRB WF TS L8 T TR A
B D AR kR B 0 B ok N2O € F R 3k 0 R N2O B3t
NOx+ ¢ HTRBM 2 B &1 o i N2O &7 FIRE WP IF o7 - %o 55

B SN E Y ST RTINS SR

(2)$ #&< i+ (characterization)
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Pl ARG N R P gD Y RS TR B S
FafEafra v o T 2 LN IER 2 B EARY €38 S uIkE P IT P 2 Bkt

1% # o (Kasmaprapruet et al., 2009; 2 % +, 2009)

202 APt R P SR

Impact category Contributing elements characterization factors | Unit
CO2 1

GWP CHg4 25 g CO2-eq
N20 310
NOx 0.7

AC NH3 1.89 g SO2-eq
NOs 1
NOx 0.1
NH3 0.35

EP g POs-eq
NO3 0.42
P 3.06

Energy use energy consumption 1 MJ

Z-REREP

1L 2%
F - HiEBhn B BRE (TP BB - g Hp L T o v KA BH Y wEl

TgFEE TS o Rl F AR BT S FRE S ks AER S
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2.DNDC fe g+ 4 7 Fle =

BT IR AT e

(D3 1 304 FE A fr

kIG5 0 B RS BT R LA R L

EH A ] o o1k

(Dt trak § v & 47

B B {8 B R BN A R 5 0 38 {7 Bk (Mill Feeder 3170, Perten and  #8 4. 4%
FEA A > D) R SwES o @ * 40 mesh 2 By 0 L A BT
(5~7mg) s 1247 £ (5mm tin capsule, ElementalMicroanalysis, UK) & & & 32 ‘m i
Wi & I & 247k (2400 Series 11, Perkin Elmer, Massachusetts,

USA) » {7t &2 m g R ©

3.4

BB LA S e B PR BB F 2 15em 4 2 o

FEFEUT A EAE (B 5)

(1)2 Hp P

dRR SR I BT REEF I RERTHATRAATA ki haRd%ky
B2 IR .
(http://taiwansoil.tari.gov.tw/Web.Net2008/index_1/mainl-1.aspx)
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(22 #§ P § :

A AR ERERBRLEN S

@ e T o ,%EB’%%\ s IQ_ flg"ﬁ'ﬁ:“ 20
2% 2100mL 2 2N KCI ZF 581 ] pr > 307 12 42 3R Wik o B fd 14

>

Zgl‘

EEpdairRiEF 47 340 2 RS2 Al

e

o

ALY 7

R E2~2F2RE 47

AR L HF - FENTERET RS LB 3 K2 f%m‘% FRIA RS 0 2
7 h 550 T K3 MR & 1S B TIR B 2 4 480 (MM 400, RETSCH instrument, Haan,
Germany) » ‘mrts B~ %) 25 mg 2 F $12 ~ F & 47 %k (2400 Series 11, Perkin Elmer,

Massachusetts, USA) » »~ 472 sEpier § 5 & -

Bl 5 2HPHETLE P LHEABEPEI VL2305 o
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4.5 %

B* 5 hE S FFAE FARE (https://dbar.ttfri.narl.org.tw/Default.aspx) » #7
HE2ZFH e FAPEBE BNE - E PEHEREEPHE S F2
et itk % SF BE AR F TR AR Bk Bl &
FRTFREY o7 BRRIEOF TR B 208 T2 HwE 3
2014 < ez A p@iv ) fw R FERBAEDFEE (U23, HOBO Pro v2,
USA)Z i & P8 & i F 2o4+ % (UA-002-64, HOBO Pendant, USA) i+ % #f #4 - HOBO

ZEWE G FRBAFHRT D A ES 23 (M, 2013) -

5. 433

P S0 BRI R A 2 AR ARR AL A ek L R TR TA
FE B (v R AT R RN R R v B g PR 2

PR R

=~ v P2 % ik (DNDC)

Lo~ 2 38R L

DNDC #5383 & d Z 571 & S8R TEF TR A B Ef 2R TH P
BE2 AL FAH L BEIT 2T LR DNDC #io5 & * P 3
(http://www.dndc.sr.unh.edu/) » 11T 5 AFF T A7 ¥ 230 & S¥cikdyy 0 HAA S

DRI RS S

OF &7#

BT A CE R BEL SR LA KFR A kY F FREFHERE
22


https://dbar.ttfri.narl.org.tw/Default.aspx

L 1.6 mg N/L (GE4r3E, 2008) : « 4 © ¢h- § k2 - § 1 plen 3 5P d
http://co2now.org/ b #7#k ik > o T HCERASASE R 5 2012 £ > & g o= F (VR
BRI TS 393 ppm o kR EH K L 2.7 ppm e §EEsE P RS R 0 i
R R iTz PaE s o

STRF R EHERS

R LRt

THEBE BRME R E b P HEHEEREZA
ﬁ’» E‘ﬁ’»ﬁw_‘mﬂ *’E’Bé’j'ﬁiqiit °

2 &EFTH

FagER o gEnY > 4% T Bt (2)Rice paddy field #g %) o 4 3 F 3 R EL
e L EMLTA A ?1"'!@%} * o & FpzEzha JEY(8) clay loam s & ¢ H-iRgk o
>+ (6)sandy clay loam o 2 3£ 5 a2 4-ded HEF 78 Ryl EIEFTR T

Mo d KT RN TR MRS A KRR R TRE -

@)1 2 4 & ?CT}J_

AEAEF IR TG H - - BRI L - E DTt T 0 0
DNDC #i558 - # 5 H =0 f §OR 400003 14 A chis ko Flut B2 R0 %
BA G 2012 EE REL HIROEFEF R L 2012 ER 4 PG - - BT
2013 #3 B2 R FE TP B ACH 1S 0 FER S 2012 & 2 1T 0 AT B E kR e

EREEEE o H P X 7 0o 5T 5] BINLGE TR T o

Iv g2 K 3k

£4 &~ 2 F £ (Max biomass production) ™ T 322 & % 1 0.4(2* % T 4tk
FRB)E08(d MR R AGEY FRAFALF LR AR)IRFRY

FEpR A e B E R R 2 T R TR AR RS F R
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http://co2now.org/

B EHHFE DNDCZFEXTLZFTEER (OF 3/ = 5 d 30 -kfen § ¢

F RS S KBEF Ak S 1055 k4e ok B el 500 ) f 2 F ok
Bk 25 3005 Bif B ROkFER 25 25°C 0 o) # Bl E_22°C(Faroogetal., 2011; %,
2009) -

1~ s

FOIEER A > VL RRT R AR FEE KRR A S
2 lmfE o frikyp g R e B R #e Bk 25 (4) ploughing with moldboard
(20 cm) ; ‘% (3) ploughing with disk or chisel (10 cm) ; -] & v R] ¢ & # %4

+ H fed > v oo K 25 (2) ploughing slighting (5 cm) ©

III ~ E?i}ﬁl

L ¥ A 0 P AR %W R 5 @ it f2 DNDC
SR S R S SR R Y Rt A EARE R
% (Ammonium bicarbonate); # B¢ & ¥ (Nitrate) 2 72 & 4] i (NHsNHs/ Ammonium)e
F % H g v L H e (4o }T\% FRfEAR)  BIT O E B A% RELAH
Lz s ¥ K 4FRZEE § oA, 50 o gl Ammonium (NHaNHg) % 57 o 57 4 e #
SRR EYhe BH TR R KR § B A - A2 (7> &% FRU S5

PR GHEFRF O WFIFRKLS 20m; BARN D 05 % 0 %

WOERK - 0cm e

IV~ g%

A DNDC % z_¥ » /8% (irrigation)2. T & 2 2 & A4z - p 1 F e K

BBAEL o F b AR B O o W L S AR Ak B A ke
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R Y Bz H p Bk (§ P kB RAR) R FSRARR R T g Rk AT
YU RS e R o

o Ak g w S e G (flooding) > ik PR R 0 B B 4F R K
(conventional flooding/ 10 cm/ C) 2 R &k 4.7 -k (marginal flooding/ -5~5¢cm/ M) - ™
w4 2014 F < TERE Y Z WoRfER G FRI(R ) F R R ARk R PR
BAEF AR > RE 8P 27 p RHBE- X > FiokfEw I g Rk T
WA FFgES R ki fo i * = X B EB-RBCS > Gk 2 5 el
(TR R EZ R 22T )98 1p 292 17 pd 3% FiE-kBE
AFEGZ w X > i B e MR R R T BB iraEk S 2y Ak

A i 4 7 R g aly o

2. 2L R

d 2> DNDC 3 >t (4 5% > B2 A 8 3Rl 264 4 &
A A BREF A LRI ZIHERF MV RIEAFERI AR 2 £

2o

3R EALS B TR R R

BHRFEAFTOREREL A R F AR OGS RE F e
AR o SR ARE s Y A R ehREEL R R KT Rk
TR BT U ookdp ] T R D @R AL SR B RE K
AT AR FEN D PRASET D - B oRAET 2 R R R E R
RS FIR ) Fang RN E R A R A P s F
PR Z AT R R R (1)) B e BT E & AT R
Q=@ ieke ;s Q)T ABRILTIf » 0 WAL ASLE TR NE 2 REA

ol fs & T3 5050 o
25



2 3 A it hivd%ke - B oRAEEkes o 2Rk E B RPER SR R
ziedk o M L RlEER R K EFERF S DNDC 2 p 7 4355 C 24558k
(continuous flooding) @ #g = M R 5 ¥ & 4/ -k (marginal flooding) -

A HE 2014 — B K4S # K sk

K 477K #51 (C/M) KA R
78278 8H20H C 7/27~8/20

8H27H 8H27H M 8/27~8/29

9818 9828 M 9/1~9/18

9H68 9ORT7H

98118 98128

98178 98178

98228 98228 M 9/22~9/23

98278 95288 M 9/27~10/5

10528 10528

10878 10878 M 10/7~10/14
108128 108128

108188 108198 M 10/18~10/21
108268 108268 M 10/26~10/28
11528 11528 M 11/2~11/4

11588 11588 M 11/8~11/10

26



RS E TR T ERRY

1.9 F 5 sk

BRIETFME T (CHy) 225 v 7§ (N2O)» i * # fi 445 & 2 (static
closed chamber method) 4z # @ & § %8 &-(Sapkota et al., 2014; #:f-#g, 1998) o
BEFHZFEHEMEIEDO A ~F502042%2 3 100 2402 EP RS f0F 3
FCFREFREEFERT Rt S B EBRE RN > AR
7 BT R 5o RRERREPN 23 R0 (R 6) fRikpFie * S i
R FRO TR > I FERE BT RHEY IR IR E TN FA PP RS
PFFEFZF 044 5304482 % 60445 -

B F WMBRPET S 2014/12/30 BAs% - S o B S 5 & 10~20 =
Boi- St P4k 14 o d 2t BR R F WP g FRRT A %1 (Sander and
Wassmann, 2014) > ¢ H 2 H H B2 R o x 2 F o RREFRF LS I0FR

BT om LY B2 F o R ST S 2F RN o

2% FWBREEPE

Bew g w k2 § 8 1% § 40k 47 & (Gas chromatography) (7890A,
Aligent, California, USA) 4 #73# B ]) CHs %2 N2O ek & » 2 ¢ > CHs 2 N2O
FRER & w0 LGS i p| ® (flame ionization detector, GC 899, China) % ¢
=+ 3 $5_ B| % (electron capture detector, Star 3600cx, Varian) £ | o # 40 & +7 &~

FiEEAed 49757 o

27



0GR R AR B o\ aeT (F B4, 2014):
Vchamber b 10°
F= X X MW X —— X 2
MW,,, = 10° A

273+T

MWeor = 22.4 X ——

F: 23 CHs& NJOE & (ugCorNm?Zhl)e i g7 5 #p 2 %
IAG 0 pEAT I ERCE Y

Vehamber © #% X #45 (250 L)

MWeor * (B A 21 728 § W5 ¥ 244 (Lmole?) » 2582345

b:H#%YE% 04483 % 304482 % 30 #4853 % 60 »45p 7 CHs & N2O
DR ST (Appb,30min) » @ fs e B 5 Bl BHEE S E | R £

MW :NO*® #5382 § g (=28); CHa ¥ & 5 RAplichE £ (=12) 5

A F#EE 2 Aa 4t (0.25m) ;

T:HE#EYER (C)-

B gl pE gl B 4 MW E o ¥ DNDC #:

BRZIEE F MR T
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% 4 § 49 & +7 &k (GC-Aligent 7890A) ¢ iz % 7 2 7 i5 1% o

GAS N20 CH4

detector Eletron capture detector flame ionization detector
(ECD) (FID)

temperature 350 C 350 C

Column AB-PLOT Q AB-PLOT Q
30mx0.53mmx 30.0um 30 mx 0.53 mm x 30.0 um
Flow: 6 mL min HP-PLOT U
pressure: 5.7 psi 30 m x 0.53 mm x 30.0 um

Flow: 6 mL min*
pressure: 5.7 psi

Makeup gas CH4 (10%) and Ar (90%): 2 Nz: 2 mL min'?
mL min't
the flame of fuel gas N.A. H2: 30 mL min!
Air: 400 mL !
Carrier gas 99.9999% N2 99.9999% N2
Flow: 2 mL min Flow: 2 mL min!
Oven temperature 35 C 35 T
Inlet temperature: 100 C temperature: 100 C
Pressure: 5.7 psi Pressure: 5.7 psi
Split ration: 0.5:1 Split ration: 0.5:1
e B c
Q"& ;
g 5(:cmo<@
§° 100
; cm
i
//
ks & T A 3 7 y
Bl 6 FMEHRERPRET 0 PR (A FWBRL) fibaks 7%
2 B)e F ekt 27 REER (C)s F IR R 5
PR EF - B P P It SR B R RV OPESI IR F R O PES

BEER %o Fe AR

29




- 2%

CHRT RIFEZFETHR

WA 2T T A e BRI HUB E L ha T2 33K pH

]

;‘}
A
>

3

@A 555 efEfs P e F 7 4 04~08 ppm s AR F 2
35~5ppm; * AL F v+ X 10~15° 5 ¢ FiEsknw BB D AR ke i L
FHPH E A TT-7.9; s Y 4l F 5 R 03~07 ppm; AR 5 2
= L1~15ppm; 2 3Ep § v+ 5 10~30 - XL % 5)

Bl 7% 8 W 9B 105452 S9¢ 30 &= (v2 § T4 A4 % E
BEBA A - EY A 8%ah- k4 Rz ErFLBRA 2013 &% 5%

FiEsm 2014 & 2 XA BT BER T ) S HBPERBE o

S RARRL B EPRA o 2 R W

A et 2§ 0 TALE Y 2 DNDC #5420 Sodic > 2 fE R 4930 0 4 /e
Bogkoo Bl R T e b IR 4 e JERITIINR] @ R IE R Sl o K fReniE
WicEAf 2 $ 3 PR R kR EF FHER 55 10~15% > H ¢ 4
FORAT AL S M5 EIR 5] 5 5 30~35% ; A (FA)ent b ik 50~55% o |- & (5 ¢
2 BL)EPEFRINA et ) | 42%; E el b 5 23%: @ fRsovt 515 & 36%:

fAE B F VA o ] FORCRIRLE Y R RORAS S Mo RS AR S v 5 5

5O (o Ak 182 phd b % 30) Termtd b5 100~140 2 2 » @ 2%
BEF 5 35~T0 Z B o o] § A F 1 5 185 EINZ F 5 660 @ E AL

L% 330 (4 8)
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PaSi i
£ REF#(Cee)EEL Fl-HArENHETHEL
soil texture £.1t 4h L oxisols 35 F L Inceptisols
HA R 2014/04/03 2014/04/10
bulk density 1.02+0.06 1.1+0.09
HA R 2014/11/11 2014/11/19
bulk density 1.05+0.06 1.14+0.12
HA R 2013/3/26 2013/3/13
NH,-N pg/ml 0.41 0.33
NO,-N pg/ml 3.23 1.48
pH 5.05+0.26 7.94+0.17
Total C (%0 dw) 2.30+0.14 1.34+0.15
Total N (% dw) 0.16+0.08 0.04+0.02
C/N ratio 14.38 33.50
HA R 2014/11/11 2014/11/19
NH,-N pg/ml 0.89 0.72
NO,-N pg/ml 427 1.14
pH 5.61+0.14 7.74+0.37
Total C (%0 dw) 2.3240.18 1.99+0.27
Total N (% dw) 0.23+0.01 0.22+0.03
C/N ratio 10.09 9.05
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| | | | | |
| | |
35 £ ' T 250
30 I ! I
G 25 "b:‘\?f;lﬂ‘l JJ".‘.“"}‘{*I ,’\»15‘\ ‘;‘ 200 E
= Phy! oy I; 'rr:'l,l"ﬂ A =
el A | ;.?'.*eﬁ"' ! o i 130
& 15 Pt AR : Y L. 4
WA i Qe 100
10 [ !‘?' : : '.| " \;,:' 1
5 | : TN
0 l|l|l L] L] m L] L] JI l|| l i 0
SRS I T T, BN SR S SR SR S
R R R I
RO MRS G O R N MR M S
I I M A M M S
- HE — RKem AR

WO oY B REecas2012# 110 3 2014 # 3 7 2§ % 7 - (2012 % 4o iv

40 - - . 300
| @_ |
35 ! !
1 : 250
s 200 =
Io‘ .2 I . :'.:-‘:' E
I :f: _"".'I . . oyt 4 150 &
I ER 1 358 -
: : 2080 1. © .:f.':'-l‘_-' 4 2
735 N TR TR A S =
I 1 ozhiambenl Tt 100
: : -‘:‘. ' 'E: f :
: : - : - 50
TN | S e I 0
Q O QO QO QD QD 0 Q00D NN
Sl M IR i
WA A A A A S A A A YA
I ﬂ%’% I %g]ﬁ """ %‘[&Jm

B 10 » ¢ % R #£:c23-2012 & 11 # 1 2014 # 3 7 2 § % 7 - (2014 -

R fEfEtE 2 2015 - Hp ok e Hp)
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IRk RLBRE

PREABHRZLELEETH > ARBHRD THETRIALR(CGE - 2R
S) ) PR GAL - P g s AR A iE e, Ty B (TR
ZHEOREFFLFA2LAaFE g AR E 20145 2 F L ERARME R E F o

Po- AL R fofi(e P P ) 2014 E 4 X FIR B D B A > @ F 2014 4
e FRAFEEET > AR M LETRAI S - YRR F el
Jod ezt SR Y SRS WA YOS e 2 Fle &
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BT RABEL BAERRE 304 TR AR (0 E)

% g ¥ R
A sk 1240.02  0.32+0.08  0.56+0.09
SH 9% 16£0.02  0.29+0.01  0.5540. 02
s 115 16£0.01  0.28+0.02  0.56+0. 02
o0 FhE 15 1240.02  0.33+0.03  0.5540. 03
s¢ 194 1540.02  0.35+0.02  0.50+0. 03
R R SR .08£0.03  0.39+0.02  0.53+0. 04
JE(HPE28) L4240.02  0.23+0.03 0. 36+0. 02
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& 3 ¥
A
C N C/N ratio C N C/N ratio C N C/N ratio

Ak sk 38.20+1.94 0.83+0.12 46.16  |37.25+1.44 0.28+0.26  134.82 |36.76+2.07 0.97+0.79 37.99
g MR 40.68+1.94 0.77+0.12 53.04 | 37.78+2.29 0.39:0.15 97.58 | 35.95+2.07 0.48+0.79 74.43
@ 115 40.33+1.47 0.81+0.05 49.66 |37.73+2.42 0.41+0.24 93.15 37.09+  0.72+0.41 51.51
e % A% 15 | 39.28+2.63 0.98+0.29 40.01 |[37.65+3.10 0.27+0.19  139.43 38.73+  0.83+0.22 46.85
~ ¢ 194 38.46+2.1  0.77+0.1 49.76 | 36.58+2.15 0.28+0.14  128.79 |36.93+3.22 0.90+0.13 41.18
+¢ k15 |3943+1.11 1.40+0.08 28.26 |36.58+1.79 0.26+0.13  141.61 |36.32+2.02 1.03+0.17 35.12
o+ # 37.20+2.03  2.03+0.27 18.33 | 39.7640.74 0.60+0.17 66.27 | 40.62+0.64 1.22+0.38 33.30
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