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Effects of Nltrogen Fertilizer Management on CH, and N O EmlSSIOIlS in Paddy FJeId

ZHENG Mei-qun 124 LIU Juan' " | JIANG Pei-kun!* WU Jia- g , LI Yong-fu'*, LI Song hio® | " e
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Abstraet : Melhane (CH, ¥ and nitrous oxide (N,0) are two extremely 1mp0rtant greenhouse gases in the atmosphere Nitrogen fertilizer is an important factor affecting CH,

- -~

and N0 entlssidns in fice fields. Rational application of nitiogen fertilizer car nolt _QR}Y' promote high yields of rice but also reduce greenhouse gas emissions. Existing studies
have shown thiaf nitrogen reduction and optimal application can effectively“improve the nitrogen use efficiency of rice on the basis of ensuring the yield and reduce the loss of
N,0 caused by nitrification and denitrification of excessive nitrogen in soil. Fertilization times and fertilizer types have significant effects on CH, and N,0 emissions in paddy
fields. In'this study, a field experiment was conducted for two consecutive years (2019-2020) to study the effects of fertilizer application on CH, and N,0 emissions from rice
fields by setting up four treatments consisting of no fertilizer (CK) , customary fertilizer application by farmers (CF) , twice fertilizer (TT) , and 20% replacement of chemical
fertilizer by organic fertilizer (OF) using static chamber-gas chromatography. Additionally, the effect of integrating rice yield and integrated global warming potential (GWP)
on the greenhouse gas emission intensity (GHGI) per unit of rice yield was analyzed to explore fertilizer application for yield increase and emission reduction in a typical rice
growing area in the middle and lower reaches of Yangtze River. The results showed that: () compared with those of CK, the fertilizer treatments reduced CH, emissions by
14.6%-25. 1% and increased N,0 emissions by 610%-1836% in hoth years; @) compared with those of CF, both the TT and OF treatments showed a trend of increasing
CH, emissions and reducing N,0 emissions. CH, emissions increased by 1.8% (P >0.05) and 14.0% (P <0.05), respectively. The annual average of N,O emissions
decreased by 63.3% (P <0.035) and49.2% (P <0.05) in hoth the TT and OF treatments, respectively. (3) Compared with that of CK, hoth fertilizer applications increased
rice yield and reduced GHGI; compared with that of CF, the OF and TT treatments increased the average annual rice yield by 17.0% and 10. 7%, respectively, and reduced
GHGI by 6.8% and 13.7%, respectively. The OF treatment had a better yield increase than that of the TT treatment, and the TT treatment had a slightly better emission
reduction than that of the OF treatment. In terms of combined yield and GHG emission reduction, both twice fertilizer ( TT) and 20% replacement of chemical fertilizer hy
organic fertilizer (OF) could reduce the intensity of GHG emission per unit of rice yield and achieve yield increase and emission reduction while ensuring rice yield.

Key words: nitrogen management practice; paddy fields; methane (CH, ) ; nitrous oxide (N,0) ; rice yield
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M. KR AE R I N IELE 8T CH, A N,O B9 0
IR T d SRR — YRR i it S A S iR
FESIR  SRAE IS E] Ry 7 08.00 ~ 10:00. KA FE
JRJEE | TOURRTZH 5 T B, JYG A P 5 TR [Tl A A TR
FEHIR S em, FAHAS M 50 em x 50 cm, 5 BN 50
em , FRASFEA B R PVC M. TG IEPE)Z K A i
W — TR o, A S i 2 TR AR L) B
LXK AR R L A K3 B Ml Dﬁ%‘ﬁﬁﬂ%ﬁ%ﬁ*— “

AN BORERFL0 win I3 66 9 40 PR TR AT

SRR FHISGLIE R IO 4846 4 2 Y O
R FHB) A% L, B 1k PRI K BRI 5 R O 4
Akl 3. 8 T LY.

I 2 S N A A L R

KRG, TR 100 e IR A, D (S T

AR 855 E £ S 0,10, 20 1 30 min JH
TSI AR 60 mL 4/ PR 2 AR, TEA B
SeE A R A4S T A B g == S A
TEAY ( Shimadzu, GC-2014, HA) il & S ke CH,
N0 B2, CH, KE2% R FID, AN A A, Wik
430 mLemin™'; AR N AR, W HE N 30
ml - min ™' ; Hﬁ‘ﬁ%%ﬂﬂﬁf%, Wi A 400 ml. - min ™ ;
Ao 0 £ 1 BE Ry 200°C , 23 BS AR TRLEE A 55°C . N,O A&l
#8N ECD, K 88 7RLEE 250°C , 20 B AL IR 55°C , 3%
%ﬂﬂffh%,/ﬁﬁ 40 mL-min .

SR ARSI RIS
5 em Y HHEREE. B GERCRESTMASE ,RE 0 ~20
em )22 HHEAE AT R1 52565 % T NH, -NAINO; -N
FrE e . AL IR - 5E I B L 29 (625 nm)
FUOBLE A 22403 0 EE 15 (275 nm F1 220 nm ) il
SENH, -NFINO, -N75 2. 4 3 R ACH A M ol o
AR R E R IR )R s A LR
B T - TR T A I 5 e 2R FH e )™ 1S
DUZE 5 A5 %005 R 13k R - 98 AL B 12 4 - BH B e 1L 8
WAE 5 AR SR ] TR B Vs WOIR - K M G B Tk

M5 5 pH AR pH THEDE (K 1 H 2.5:1). K
e AN 4% /N DX R4 T ST 7=
1.4 HdEab

FEH CH, A1 N,O HEGE 3153 W (1) .

F = ph x (de/dt) x273/(273 + T) -(1)
K, F A E mg- (m*-h) V] ,pjsf'ﬁ{ﬁfﬁ(
AT AREE (kgrm ™ Vs h B R BRI B Cin)
de/de Ky S et B oA 9 M g A Tl
[l (Leh) "] 5 oW BRI R BEA 1 P 4008
(°C). [ 4 4 L V. :

FAH €H, ATNO R B Wt (2) 1~

PA R R
K, AR RBHEGE B (mg-m ™) 3 FHSAE
R [mge (m?+h) "' 15 n WRBERUH @ hRRE
WHL, (1., —t,) FPUCRAE ] B st a].

HRAE 100 a IHE)ROEE | CH, F1NLO A8 I P34
SIAARS T CO, A 25 151298 5 K CH, T N,O
HEik = 5% 4 B 25 5 MR % AN ( global warming
potential,GWP) ,GWP 5 i (3).

GWP(kg - hm™) = CH,(kg - hm™) x25 +
N,0(kg + hm™) x 298 (3)

PR KRS = B TR = S ARHEGE JE (greenhouse
gas intensity, GHGI) 715 W= (4) .

_1 GWP(kg + hm™
GHGI(kg - kg™) = 7J<*§'fﬂsiégkg . hm>‘2) 4)

RIEE R LA 3 WE R W F I ER, KA
SPSS 22 H AT PR 22 0 42 W kT 2 43 A i S Ak
FHARAE B[] K L2 AR FIX R I CH, A1 N,O HE
G I, A 38 HAE AT LSD 2543 #r it
JEALBEXT CH, F1 N,O HERGHE & A s2m , FH LSD 7547
e EAE AL BE Y CH, 1 N0 BFHEICR | KFE ™
i, GWP Fl GHGI iy 2= 5 WM (P =0.05) , Fl
[543 B Ab B CH, H1 N,O HEjiom 5 3R 85 A 1 19
FHSEHE, ] Origin 2018 A EAEIA.

— 1) x24 -(2;.

-
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me+(m?+h) ™! b HIE B TR AR G

) BRENE g (m*+h) ~'],CK b3 C2H4 ﬁliﬁf[@i#*&%ﬁ}: 36
d IKFNIEAE [ 26.41 mg-(m*-h) '], BHIG 43 d &

2.1 CH, HEik ALPRET BT — AN HE OV | BE S S > B

d 1 AT, 2019 ~2020 W5 4F A ] b B K A H
() CH, HEHGE & 2SS AT, 2 R8T 2
ik [ 53 S R it AL A BHL RN SR AR B ) % CHL, HE 5
I HA BEEW (P <0.001) , i AE &b B AR AL
)X CH, HE B 5 A 52 0 A7 7E 3 5 AR (P
>0.05) (&l 1).

2019 4FFEH CH, HE i 2 78 KR8 F% 4 e Hr 2
O, e ARG 33 d 45 AL HEUKAE I CH, HEAGH &
Y3k F) W {6, CK [27.72 mg-(m>+h) '] > OF
[24.43 mg-(m”*+h) '] >TT[23.19 mg-(m’-h) "]
>CF[14.02 mg-(m’-h) '], B 5 i ik 0. A [A]
AbERAK RS CH, HERCY 4 Fh e KRS A KA, 760 |
EEAUSLK G AT /N HE T Ve fE, A A 30 B R R i 3
JUT-%A CH, HERE. KRS A K011 K, CF, TT A1
OF 4 3 /) CH, ﬂfiﬁﬁtﬁiﬂ’aﬂﬂﬁﬁ%m% 53
3,42, 3.47 1 4.00 mg- (w’+h) ~'.(2020 45 HI £
7J<%a$2?éaf:§|; 29/ d, CF . TT 1 OF| M%HEH 01;14 ﬁls-'-
ekt *?ﬁijm%{‘%i 0F[31 63 mgs (ni’ -hz,?'}.afTT

# F
[ 28,95 m‘g(m 15 B B CF ol 2699
35
20194 l F*** o CK
30 —=—CF
_ =TT
:_-, 25 | —e— OF
E
o 20
: |
= o5t
E
= 10
5 s
0
_5 1 L L L A 1 1 I L L L L A
0 10 20 30 40 50 60 70 &0 90 100 110 120 130
s X vd
200
20194
a (c)
T
o 1
£
F 150
= b
= ]
= ¢ be
§§ 100
=
L]
50
CK CF T OF
pris:]

YERFARHEROK -, KRR AE K BIE], CK, CF, TT #
OF [ °F- ¥ CH, HE ik & w35 E 50 R 7.17,
6.77. 6.81 F17.65 mg-(m?+h) '

P T A 1] Jii AR Ach 3 R0 SR A st ) % CHL, HEK
R I AR R ELZBAEM (P >0.05, Kl
1), 0565 2019 45 F1 2020 4E 1% CH, HERGHE &
IPESEAT 2 5 A, AR R 45 R 3R B, CK b3
CH, Hiif W2 & T CF, TT Ml OF A (P <
0.05) ,OF kb3 CH, HEMGHE & 3 & T CF 1 TT 4
FE(P<0.05),CF Al TT Zb ¥ CH, HEHGHE & 2 18] %
HWFEER(P>0.05).

5 CK ARG, PIAETR] CF | TT A1 OF, &J.:ﬂiﬁfé%ﬁ
TR CH, HERcHE, PISER] CK, CF . TT %ﬂ’OF b
CH, SBUIEHCERYAE X 5350 0 161. 190 120,67
122. 89 il 137460 k- ‘hm 2, CF . TT Al OF }ié}ﬂu
MR T 25.1%. 23’ 8% Ml 14.6% . 5 CF ALIMH&E
OF 4b 37l TR Uﬁﬁ CH, ZRHER 3 5 i*ﬁn’ié%
OF b3 CH ‘SR ETE 2019 4F Al 2020 Eﬁa\jﬂl
By 17, 90@(P<0 @ﬁ)%ﬂ 11.0% ( P <0. 05 ):; TT

50

|
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20204 l
40 |

(b)
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(a) Al (b) Hi kRN MEAL I ], A ZAE 2047430 5FRRFENE | A3 BENEAARL ; CK. AHEAL; CF AP S BUEIL ; TT: “YGEIE; OF AHUILEL20%

PONE 5 e FRTRALIRRLI AR 25 (P <0.001 ), F o A[ESEACALBE, T SRAERE] s (o) FI(d) AN

By RFORER R (P <0.05), TH

1 2019 ~2020 £REHEELIE CH, HEMEH

Fig. 1 Dynamic changes in CH, flux and cumulative emissions of CH, under different fertilization treatments from 2019 to 2020
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AbER CH, SRR AE 2019 4EF1 2020 4540 B4 A0
T 3.9%M10.2%,5 CF AbH > [B] A3k 31 22 55 g 3%
PEIKSE (P >0.05) ; TT F1 OF ALBRPI4E CH, BEFHE
JCEE AR E A BE 1R 53 5008 1. 8% F1 14. 0% (&1 1
MK 2). 52019 4FH L, 2020 4F CK 4bH /K F5 H
CH, EFHERFEIET 9. 7%, CF . TT F1 OF 4Bk
feiH CH, SRR 3G N T 28. 3% | 23. 8% Al
20.9% (&1 fik2).
2.2 N0 ik

HE 2 BT, 2019 ~2020 PGAEAS [A] it AR AL 2
JKFEH NO HElcH s AR —3, HER T B F
(KT ] 3 S LR it FIES Ak LR SR A i 18] % NLO il
W EA B (P <0. 001 ) Jif AR Ak B RN SR A
B [RDGT NLO HEBCE 5 52 i AN 7 7 835 58 BAE
(P>0.05)(K2).

2019 4 ,CK ., CF £ OF ZbFEAS T N,O HEfiom &
S KRR BT 5 19 . 19 133 d IKFIEEA, 53
1% 0.02 ., 0.48 F10. 11 mg-(m*+h) ~'; TT4FELFE
HI N0 HFiGE A KA R 16 A52 d HHBL T M
AU fE, 43 5128006 mg-(m®-h) 7 A 007
mca}o4ﬁFﬂLm»§ﬁﬁmv9\$%
i), CK CESTT JOF b3 N0 ﬁkﬁﬁpg@ﬁﬁiﬁfﬁ
4354 0. 017 o 07. 0.02 10. 02 mg* ¢’ +h),"| "
?ﬂ%&@wﬁﬁﬁ@ﬁNommﬁimgmr,

0.8

| B

20194 Eee

-r—""l?'\'

C
C
T

-
(=]

06 ¢ (@

— tH]

N |
0 l l M!
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L2 9EFS )

NoOHERGE fit/mg-(m®h)™!

2.0

20194
(c)

05 F

NoO S BUHEH A kghm 2

e
T

CF TT
A

OF

)

FAERELTAE (P >0.05, K 2) , K N0 HE
JHCE A B E T 2 R, 25 R R, CK b B
N,O HEjik 18 & B F (K F CF. TT f1 OF &b # (P <
0.05),CF., TT 1 OF ZbFEfY N,O HE i & 2 7] 3%
HREZES(P>0.05).

2020 4F,CK ., CF Al OF ZbFHAE H N,O HERGHE &
Sy BIAE K FERS ARG 055 22, 22 F129 d ik EIIEEA(E , 5
SIS 0.02, 0.25 F10.20 mg- (m*+h) ~'; TT AbBHAH
H N,O HEils s e KRS 5 22 #1143 d I T M
AW, 2% % A 0.05 mg-(m’-h) ™" Fl 0.04
mg-(mz-h) ! ,%EI@@T@Q’\ 7J($E1/£EJL/</E£|E_'J, CK,
CF . TT H1 OF b3 % N,0 HEJCm & 69 208 2 51 Ky
0.00, 0.03,0.02 F10.03 mg-(m*-h) ', ZE L
25 R L W], CK Ab 3 8 K T CF, TT #1 OF 4b3§
(P <0.05) ,CF 4bJ & 355 T TT il OF ZbHE (P <
0.05) , TT F1-OF &bl = ] /ﬁﬁﬁﬁﬁw(l’ >
0.05).

HiE 2 T%ﬂ Wi@lﬁj CK. CF, TT Fif OEquE;k
i NO S BRI 4R B 46 53 53 4 0. 06 Y16,
0.43 All0. 59 ke ‘hm &, 5.CK # 1, CF TTﬂEn.aOFL
FRA B N, 45 ) 5 8% fn T 1836% ., 6109 A
884% (P <0. 05) 5 CF ML, TT #1 OF ViSTInLL
WA T R L ommﬁTaﬁNogﬁmmgf
2019 4F-F1 2020 4£ 73 H (R T 68. 1% (P <0.05) 0

0.8
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TkE

20204
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2 2019 ~2020 F£AREHEEAAE N,O HE 4

Fig. 2 Dynamic changes in N,O flux and cumulative emissions of N,0 under different fertilization treatments from 2019 to 2020
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B 43 %

55.8% (P <0.05) ,0F kb3 N,O 2FHEMCE1E 2019
AEFT 2020 4F 43 I FEAR T 72.9% (P < 0.05) Fl
11.1% (P >0.05) ,TT Fl OF AbBEFI4E N,O EFHHE
B AT YE R B 53971 R 63. 3% F149. 2% (1] 2 Al
F2). 52019 4EAMI HE, 2020 4 CK £ OF 4bFf N0
HE A BB I T 39. 9% 1 105. 1%, CF 1 TT kb B
JKAEH N,O HE o 5> 1 37. 5% 113, 5% .
2.3 JKREE

e 2 Jrs , P AF (] it A 447 S 3 02 s 1 /K R
(P <0.05),0F AbFE/KRE ™= 5 35 R iy, CK P

I EAR. 5 CF AP AH H, OF Ab B K /5 7= & 7F
2019 4FEH1 2020 4E 482 T 17.0% (P <0.05) ,TT
SEHR 4R T 16.5% (P <0.05) F14.6% (P >
0.05).

2019 ~2020 4 CK., CF. TT 1 OF 4b 3 /K 57
HAAE B {E 4> 9 86 985.0, 8372.5, 9268.5 Fl
9796.8 kg-hm 7,5 CF MLk, OF H1 TT 4bHH Y K A5
FER PR B IN T 17. 0% F1 10. 7%, OF &b By
BRI T TT 40 H. 5 2019 AR, 2020 445
Sb PR K e R TR AR

R2 2019 ~2020 £REHEIEAE CH, #1 N,0 RRHME, CH, 1 N,0 3 GWP H&#k, GWP, KFE~EHM GHGI"

Table 2 Cumulative CH, and N,O emissions, contributions of CH, and N,O to GWP, GWP, rice yield, and GHGI from 2019 to 2020

CH N,O CH, X GWP 1} N,O X} GWP i > S
ﬁ':ﬁj\ ALI‘IE 4 2 4IT‘ E’J 2 IT ‘ E’J (JWP72 FEE,Z GHGI
/kg+hm 2 /kg+hm 2 TR/ % TUHk/ % /kg+hm /kg+hm
CK 169. 40a 0.05¢ 99. 6a 0.4c¢ 4249.9a 7404.9¢ 0.57a
2019 CF 105. 72¢ 1.43a 86. 1c 13.9a 3 069. 2b 8 585.8b _.(l 36h
TT 109. 82bc 0. 46b 95.3b 4.7b 2 881.6b 10 004. §a 0129c
OF 124. 60b 0.39b 96. 4b 3.6b 3 ﬁ30. 4b 10 045. 1a f) 32bg
CK 155.29a 0.07c =L 99.5a 0.5c | ' 3845, 5ab 6 565. 0b 0, 59a
2020 CF 135.62b 0.89a 92.7¢ 7.3a | 3 656.?;1}) 8 159. Sab ,0;45};_
TT 135. 96b 0. 40b 96. 6b 3.4b! 3516.7b 8532.2ab & 0. 41
OF 150. 60a / 0,79 L 94-c 5.94 ./ 4001.8a 9548.6a Wi 0.43h
1)TI—H\‘a%&%%ﬂ‘]@%lﬂ&ﬂlﬂ%ﬁi%@<0. L) , ' 4 '
I L j,,.r o g %
2.4 é,%’ ”‘5»& %n/ %—xﬁiﬁﬁﬁﬂt?ﬁf“ 5 CF M tl:éz\ﬁ WMk F, 13579 A 6. 8% TT ALEEE’J

FH%%Z [0, %54 2019 ~ 2020 WARN 4 ﬁ 'ﬁ
ak PI;EthF ™ %ﬂ OF 4hFR¥ eI 1 CH, 4
HCREAT CH, AR 6 %»ir“ﬂﬁj\@(zw«o 057
1 R N0 B AT NO X454 %AU”E’J
TR (P <0.05).

2019 4EAN[REALHE GWP R E/IMEIR N . CK >
OF >CF >TT, 5 CK 43 AH L, CF, TT #1 OF &b3f
5 AR TR0 GWP(P <0.05) ,CF, OF , TT 4b
PRZ AV A B 25 (P >0.05). 2020 4EA[A]4b B
GWP MR E|/IMKYK A . OF > CK > CF > TT, 5 CK 4k
FAHLL, TT F1 CF AR FHFEAL T GWP, OF WA 34 fin
GWP fyta# {H5 CF AbBH[a] 22 3% A 18 3 2K
(P >0.05). 2019 ~2020 4F CK, CF., TT Fl OF b
FRAYAES) GWP 43514 047.7 . 3363. 1, 3199. 1f11
3616. 1 kg-hm 2,5 CF AbFEAH L, TT &b ¥ 1 A5 H
GWP FEAK T 4.9%, OF Zb ¥ A5 H GWP ¥ T
7.5% . 5 2019 4EAH I, 2020 4E CK AbFHAY GWP Ji
/b CF, TT Fl OF ZbBE () GWP 4 2 ik 3.

R 2 Fros , PRAE [A]AS [ it A Ak 332 1) B 7K Aed
FEH R AR HESR B (GHGT) By 45 3 R W,
5 CK AL HEAH ., 2019 4E A1 2020 4 () CF, TT F1
OF Kb 34 34 i 2 F& K T GHGI(P <0.05). 2019 ~
2020 4E CK ., CF. TT 1 OF &b FRA4EY) GHGI 435
70.58,0.41, 0.35 f10.38,TT fil OF 4t F GHGI

HEECRAEF OF 4B 15 2019 4EHIEL, 2020 4F %
ALIEE’J GHGI 44 frim.
2.5 HEEHNT

M2 3 AT, 2019 ~ 2020 4F K FE A KA
CH, HEMCHES S5 F 5 om H 30 5 B & 15
K (P <0.05), 2020 4F CH, HEjicH 5 - ENH, -N
SEPEFEIEMIE(P <0.05) , Fi4EE CH, HEmm &
P15 N0y -NEHIEA B E MM (P >0.05).
% 2020 4F TT ALBRAY N,O HERCE 53R 5 em 13
HEEREREEMIEKER(P<0.05)4h, HAv s ab vt
NO HEC R ST 5 om HIREA BEHEHE(P >
0.05). 2020 4F CF F1 TT 4bH/KHE N,O HERGE &5
HIENO, NEFRHEREFEMIXLR(P<0.05),0F
ALF N0 HEBCHE B 5 - HENH, N7 & 2 8 IEA
K(P <0.05), HiAac kb B8 NO HEMGE &5 + 4
NO; -NHINH," -NZ 53470 i A (P > 0. 05).

3 itig

AN [ it AR Ak PG A T CHL, HESC 5% )

FefHH CH, HEJBCGHE 5 0 3 2822 LR IE 52 + 58
B | pH {H A+ HENH, -N &2 NO; -N & 8 253 55 K 1
(RIFER. A B0, AR AR ] CH, HEBGE & 52 30 AH
(] e s TE] A8k a3, 5B S0 [A] 13N 5 em R

3.1



43 HOHFREAE . ZUIEIZ 25X R I CH, F1 N,O HERCH 5 0 2177
£3 CH, 11 N,0 HAER STEETHEXHE ()
Table 3  Pearson correlation coefficients for CH, and N,O fluxes against environment parameters
CH,, HEGE &= N,O HEil i
Ay JS: , “, - \ — -
HT S5 em HIE NO; -N NH, -N TS em H3E NO; -N NH, -N
CK 0.221° 0.048 0.070 0.002 0.002 0.002
2019 CF 0.390 ** 0.051 0.024 0.010 0.029 0.006
TT 0.238 " 0.086 0.035 0.084 0.142 0.052
OF 0.252° 0.030 0.021 0.091 0.057 0.007
CK 0.332° 0.003 0.455™ 0.061 0.161 0.001
2020 CF 0.350 0.001 0.363" 0.158 0.774 0.035
TT 0.345" 0.000 0.420 ™ 0.352° 0.253" 0.128
OF 0.328" 0.001 0.348" 0.202 0.044 0.363 "
1) *FR P<0.05, ™ F/R P<0.01
AR AR S — 3, PR [R]AS [A] 40 33 ) K R A= K38 CHL, R R 43 W) 161,19 120.67, 122.89 Fi

HERCE f 5 OB F 5 om 5 FE Y 5L 2 ARG 5
RIS GG BT ST S A R T AR
Jo b ORI MR A LY
WA 0, G T CH, 197 A 5 e AT
NH, -NA 5% R | Aok R 8 T A Bt i

B2 zrxﬁt%tlﬂ 2020 4T Kb ERLCH, HE

ﬁﬁtﬁi '?itﬁNH Né‘%iﬁ;ﬁgigmg@g% J}b_:,

— T NH 5 CH, ﬁ%ﬁlﬂk‘hqﬁ—ﬁgﬁmﬁf T
— e L«W\Tiﬁ% CH, EO%LM”’J Jy= 7

s T NH,] 1&1&77%51‘&%%&%%@%%&%9’]

e, Wi € G st ey

Zkﬁt?%tl#aﬁfl CH %%Hﬁkﬁi;ﬁﬁ 105. 72 =

169. 40 Kg~hm > 74 VT H R WA HI 43 cm;%i\
HERCHE H 54,12 ~ 464.93 kg+hm > §i5 Bl 912
2020 K FE AR K AT HAED 7 ~ 8 H BRLRE W & 4
817.3 mm, 7/ T 2019 4[4 487. 9 mm , X ff 5 H +
BRI R 4b T DR AR5, 7 FH o0 TR T MR ZE R 7E 3
i KF, R 2020 48 45 4h BEAE B CH, HE il e (B
[26.41 ~31.63 mg-(m’~h) =" ] FIHEME & A9 (E
[6.77 ~7.65 mg-(m*-h) '] 5 2019 4EAH I [ 14 (H
14.02 ~27.72 mg- (m’-h) =" HEGE H(H 3. 42 ~
5.53 mg-(m’-h) '] ¥ Fragom, By CK Ab 3,
2020 4F CF, TT Al OF AbFRFE H CH, ZRFHEmM &
2019 43I T 28. 3% . 23. 8% F120. 9% .
AL A CH, O EZ N E 7 2
Jiti B R 50 R E Rk A 28 ) 5% e, 0 % e FH X6 A
CH,, HECEE AN [F] 9 52 M. KR 43 52 2 B 3 i it
AR UKREE CH, HEBC'™ XS4 [ it
45 R Wit R BN 42. 1% , AS TRl 5 VR R 2 ) A
M CH, HERBE 2 361 9. 9% ~ 23. 1% . A W55 £ M
FEHH CH, HEC2 Bl 2 Ut FH 2 A3 it s 20>
EAIRK 1, CK, CF, TT 1 OF AbH/K A4 CH,

137.60 kg-hm 2,5 CK &bFEAH L, CF | TT 1 OF A
] e IS Az 342429 5 5 6 K T RS 1 CHL, HEMC 3o ™5 76 #A
A 1 DX it A ¥4 3 R I T A D CH,, ﬁlﬁﬁiﬂ%ﬁﬁt
H—g *E%E Einquist 55 RS, *B,EE] CH HE
FCZ B Ak B, o R AR (7 349 NARE <150
kg-hm ) (23 CHIHRRL, = ﬁ@ﬁB(%’Jﬁ@ Ny
249 kg- hm'z)ﬁﬂﬂﬂ CH, HFiL. A P N
270 kg- hm‘? R T M Hlﬂﬁﬁfﬁi‘h&*f‘.f
+HNH, A FINO, -Nﬁi,LiE’JNW N T
CH, EALE®I 2, 3 CH, HEos > @
NO; -NE%%%&%Ti&ﬁ}iﬁﬁwﬁﬂi,5F$k%%

AR R, TR CH, 7

RFIBESS) BGE T 40 B 2016 4ELLRT &K £ 1Y
KT MRS+ CH,, HEACE e 1% SC 5 e IR - Bl 2 it
HELVR B 38, PRt JE AL A (N) L JE AL B A
(NPK) #148 HLICHLECHE ( OF ) Ab ¥ A A8 I CH, HEJL
Bz s m. Am 5 CF AL, TR T e
B, TT AR BREIFRE I CH, HEACH 230 T 34 ka2
2019 4FF12020 4E43 5T 3. 9% F1 0. 2% . iX 5
P 45 1) A T 8 0 T T %) AN T i A A X )3 680
SR 2, RS H AU LA Lt A 22. 8% I
HEhnE AR YOS AR H CH, HERBOEI T 4. 5% .

ARFFE W, A HUIE AL B fE & 42 0 CcH, HE
ARG S CF M L, OF Ab B &8 35 14 fin T
CH, HE, 2019 4EH1 2020 4E20 HIHE N T 17. 9% F
11.0%, 5 NS 18 LS T /A LI 2
RIS R — 3, X — I h TA
JE it 3G N T 8RR o B i, O IR UE Y
PO TR ARSI e T R YT
PR Z AR, SR U TR e A A Y
[FIEF A ATLAE 1 JC HILAE TR A5 it FH o T = 3 A
BT AR HE T KA R AR R RS N, o CH,
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B 43 %

PSR T I R S TR CH, R
3.2 JEAEARBEEXS S NO HERHY

I HHEE N,O HEHOE B Bk R AR
it B, 3% R R SRR BB . AR
FRO A G ALk B N0 38 k343 4 3 6 43 B 5 0
1)) 5 PR (1, 2 R S MLt Dy 40 B £
PRI TP BORAELE A TR LA A ok
FRIIHERT. L5 Hofl b R ] , WG I (TT)
R BRAESS VG IS FEUCHH 3L T N0 HEHOE 1
U, 330 T A TR A 575 — Vi IS B 49 T 6 T 19
AT B LR SR L AN R A T 1 S
JEY). AT, 2020 4E CF F1 TT 23K RS NLO HE
HGE S IENO, -N A R IE A OC, OF 4b B
N0 HERCE Bt 5 - HENH -N A i 2 3 0E AR 5% i
AT A NHL N 775 38 T L A2 308 30
17 AR E T AR I 724 N0 Shn; A7 HLAE
FY S LS80 5 B - 4 ¢ R0, T — s
PINO; N5 FE I Rl 5 02 1 2 B A P A7,
AT LU N,O BRI N, ) A 6 i, B 2020

A TT UMM, A A5 40 E N,O HE B BE A o S et

R A 35 1 A s
— 5| AT BB AT e 4 N0 i B gt
kG R PRI T

N,OZBUHE R 0.05 ~ 1. 43 kg-hm 2, &b Fix 4>
JEFZ . AL CF . TT. OF HEJLHY N,0(0.25
~0.91 kg-hm ™) (& B0 & & (270 kg-hm ™) [
0.09% ~0. 34% , A TR AE B RGN 0. 03% ~
2. 00% I FEI Y 2400 . 2020 4F 7K R A= K i 37 4 7K
52019 4E[EHAH LGN T 67. 7%, 780 /K IR B 1
TR DR AR A AR AR T T R Ak AR B DI iR AT,
N,O B ZHigd U N, 8 2020 4FF5 H 4% 4b
FEON,O HE i W {H [ 2019 4E N 0.02 ~ 0.48
mg-(m*-h) ™', 2020 4 K 0.02 ~ 0.25
mg- (m*+h) ~" P AHERGE & E [ 2019 4524 0.01
~0.07 mg-(m>-h) ™", 2020 4K 0.00 ~ 0.03
mg-(mz-h) UM AR

REBAEAR H 5 N0 HoltR Hoee ey
BT R U B FE X NLO A EL A A
HEAE . 7E 3R Rl 2 R0 00 MR I, NSO A HE
T S B I A B R 56 R Wit N
M 90 kg-hm >34/ %] 180 kg-hm >, # H N,0 HE
BEZIEIN T 17% . A5, 2019 ~2020 4 CK
CF. TT A1 OF AbB/KFFAFH N,O RAHERE 550

IFG e AT 1 F e X A NJO BB
0. 004 1,45, 34 kg-hm 275 2% L 6 R

0.06, 1.16. 0.43 F10.60 kg-hm 2. 5 CK 4 I,
CF, TT 1 OF AbFEAYAE H N,O SFHER R 277138 n
T 1836%. 610% Fil 884% .

FLR R AT B IR s R 5T & B, LR Ay
B A2 e 460 28 U0 v R S HE AR 2 1 e e s 39,
Jiti A A BE A f2 1 7K e Xt 2R 2R A WAL, 48 v R
FHR. AW GRS B, 5 CF ML, —UGRAE(TT)
Ab B AT B il R R LR, R BRAIR T N0
HEBL, 33 AT BE S PR Ay 384 T3 A v 55 A 4 it A Fsf g
P S BOK RS KT A 2, e T e iy
AR, NI T O Ak it R A R K.
Xia S50 (0 BIF 5 3 BT, 386 3 P VR 8% 06 o 1 - 8
N,O HERL B I 0 T 5. 4% . ARSI R, 5 CF
FHEE , A HLAEEAR 20% TR AL AL B /) RS H AR N,O 3
BRI T 49. 2% . 2R 655 I TIRST R,
20% B3R R T IR 2 A R RIS
NLO HERCS S T127./0% 1 30. 0% . 3y [fi
T AT LA 5 4 B RO e, 5 101 ) ik
SR I L DA T T A T Al e B (R
55— T LA S 4T 1 R T ST s g 1
Wb, FLRAE T b 0 11 38595, N T NLOLHE
¢ U P Y 4
3.3 IR G A Ry B 2 2 e
N IR

Tt NS A 8 2 L w26 7 o (EL R S [t A A =
TR 1 52 2 52 4R Y. AR, 2019 ~ 2020
4E CK, CF., TT il OF Ab ¥ /K f 4F ¥ 7= 2 23 91
6985.0. 8372.5. 9268.5 f19796.8 kg-hm 2. 5
CK HH, CF ., TT F1 OF Kb 7K F =43 s hn 17
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