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T EETCHLESR B M B IR R A AR T i St A R 1EAHDC, MEEZLAEIm, 3 B e @K s
R BT AR MR EN 270 ke-hm 2 B, OHLESR B AR R FOULEL A 3540010 40 kg-hm > 1 95 kg-hm 2,
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Abstract: [ Objective ] In winter oilseed rape production, there is a widespread practice of overapplying nitrogen fertilizer in
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pursuit of high yields, which leads to low economic returns and significant nitrogen losses, thereby increasing environmental risks.
Determining the appropriate nitrogen fertilizer application rate is crucial for achieving high yields and environmental
sustainability in winter oilseed rape. [ Method ] Field experiments were conducted in three major winter rapeseed production areas
in the middle and lower reaches of the Yangtze River—Jingmen in Hubei Province, Chizhou in Anhui Province, and Zhenjiang in
Jiangsu Province-from 2019 to 2020. Five nitrogen fertilizer application rates (0, 90, 180, 270, and 360 kg-hm™) were set to
investigate the effects of nitrogen fertilizer rates on winter oilseed rape yield, nitrogen accumulation, residual inorganic nitrogen
in soil, and apparent nitrogen balance. The relationship between yield and nitrogen input-output balance was comprehensively
evaluated to determine the appropriate nitrogen fertilizer application rate for winter rapeseed that is both high-yielding and
environmentally friendly. [ Result ] The results showed that nitrogen application significantly increased oilseed rape yield, with a
trend of increasing yield as the nitrogen application rate increased. When the nitrogen application rate reached 270 kg-hm™, the
yield tended to stabilize, with an average yield of 3 146 kg-hm™ for the two varieties at each of the three experimental sites. The
trend of nitrogen accumulation in the aboveground parts was consistent with that of yield. When high or excessive nitrogen was
applied, the nitrogen accumulation in non-seed organs significantly increased. Compared with 270 kg-hm™, when the nitrogen
application rate increased to 360 kg-hm 2, the average nitrogen accumulation in plants increased by 6.85%, and the proportion of
nitrogen in non-seed organs increased by an average of 0.49 percentage points. The residual inorganic nitrogen in the soil at the
oilseed rape harvest stage and the nitrogen balance of the soil-plant system were positively correlated with the nitrogen
application rate, showing a trend of slow growth followed by a sharp increase as the nitrogen application rate increased. When the
nitrogen application rate was 270 kg-hm™, the average residual inorganic nitrogen and apparent nitrogen surplus were 40 kg-hm™
and 95 kg-hm 2, respectively. [ Conclusion ] Based on the allowable apparent nitrogen surplus for maintaining crop yield and soil
fertility (80 kg-hm?), the recommended nitrogen fertilizer application rates for the three experimental sites in Hubei, Anhui, and
Jiangsu were 207, 219, and 250 kg-hm’z, respectively, with corresponding average yields of 3 083, 3 054, and 3 149 kg'hm’z, and
residual inorganic nitrogen in the topsoil of 22, 45, and 51 kg-hm 2, respectively. These recommended rates can ensure stable
winter oilseed rape yields while controlling the risk of nitrogen loss, contributing to achieving the dual goals of high yield and
environmental friendliness in winter oilseed rape production.

Key words: Winter oilseed rape; Yield; Nitrogen fertilizer rate; Apparent nitrogen surplus; Inorganic nitrogen residue
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Table 1 Basic physical and chemical properties of soils at the study sites

AL B THLA AR T
Mg Site pH Organic matter /  Total nitrogen/  Inorganic nitrogen/  Available phosphorus / Available potassium /
(gkg") (gkg!) (mgkg™") (mgkg™") (mgkg")
Wt Hubei  5.14 21.4 0.99 6.06 22.77 147
LR Anhui 6.48 16.18 0.87 7.03 18.01 106
YL Jiangsu 7.34 30.3 1.64 5.28 23.39 285

1.2 RIEiEit

AR TR 06 2R P RUAE T A 2 i R R R R0 14
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Table 2 Effects of different nitrogen fertilizer application rates on winter oilseed rape yield/ (kg-hm?)
14t Hubei L Anhui YI.75 Jiangsu
ALFE Treatment Kb 199 ARl 62 S KM 199 ik 737 S K199 F% 1838 P
Dadil99  Huayouza62  Average Dadil99  Fengyou737  Average Dadil99 Ningzal838  Average
No 768dC 801d™ 785 1 533dA 1 660d™ 1597 1 128dB 1 157d™ 1143
Noo 1 863cB 1932¢™ 1898 2 308cA 2 490c™ 2399 2 033cA 1990¢™ 2012
Niso 2 619bA 2 870b" 2 745 2 677bA 2774b° 2726 2 513bA 2 578b™ 2 546
Na7o 3 019aA 3225a™ 3122 3 006aA 3 113a™ 3060 3 204aA 3313a™ 3259
N0 3 204aA 3326a™ 3265 3 023aA 3 182a™ 3103 3373aA 3 443a™ 3408
45 Average 2295 2431 2363 2509 2 644 2577 2450 2 496 2473
J5 24301 ANOVA F{d F-value
%I Nitrogen (N)  309.1™" 84.8™ 288.8""
fhAl Cultivar (C) 6.8" 5.0" 0.9"
FHEX AP NxC 0.6™ 0.1 0.3™

TE: No. Nog. Nigo. Nago il Nago 205 ZE R ZAC FHE R 0. 90, 180, 270 1 360 kg-hm 2, £ HR /NG 1678 76 M 7] 4 o5 ] —
mi R R AN R B AR BRI AE 0.05 #EFKF 22 57 B3 ARRE FHFRR R —afh (K 199) 7 [ ZUAL B H AN R s 18] 78 0.05 3K
V2SR E; LARER R R — R — E AL B RO E SRR EILE 0.05 BESRKOF 22 57 B 35 *3RIR P<0.05, ** IR P<0.01, ***3KIR P<0.001,
ns R L EZER ., TR, Note: No, Noo, Nigo, Nazg, and Nie represent nitrogen fertilizer rates of 0, 90, 180, 270, and 360 kg-hm 2,

respectively. Different lowercase letters in the table mean a significant difference at P<0.05 between different nitrogen treatments in the same
site and cultivar; Different capital letters mean that the same Dadi 199 cultivar had a significant difference at P<0.05 among different sites

under the same nitrogen treatment. The superscript means that there is a significant difference at P<0.05 between different cultivars under the

same nitrogen treatment at the same site. *: P<0.05, **. P<0.01, ***. P<0.001, ns:

BB FORLE, X IBCR %% RN T s B TG B 2 5
ANTR) Ml A TR Kkl 199 5 B 7= i A A R A A 2
o TE No bR, 22 B0 iy bR M SRk il 2 5 T8
JEFTTN, S5RBOTAE, BIL AT S 34455
TR 25.8%F1 16.7%; BMAMAEZE 90 kghm™
W, PR AR R T R AR AR T
BRGNS, RO TR A
SR 17.1%H0 6.1%, 2T I3 195 45, 18] JC .
FEES . YA N 270 kg-hm 2 BF, HALA R T
R AT R = S A, T ISCIR R ) i TR
LI, BB = e 22 7 . X AT DU
U TRl — A (R 199 ) 78 A [A)#b 5 e 7= 5 e
2 R4
22 ZimFEi EMRERREERSECLLSG

it B T &R IR AR B B (K
la~ 1c ). 5 No#HEL, Nog. Nigon Nagg Al N3go A2b
FESEA4 43 SN 122% . 228%. 338%F1 371%. 24
RAE &K 270 kg-hm 2B, Wb . LRV R AE

no significant difference. The same below.

2S00 90 167, 166 1 192 kg-hm?, #k4:
ROMARE TG B 4R T, SR 2 R R, (B
199 fShAAEE X 325 o ARl (No Al Noo ) BHBIJL R
ZEMTILHFMEE; mA (=180 kghm™?) FYL
T S T HARPI ML, Nyqg Al Nygo A3 HFHLE
TR BUT PR 15.4%F1 18.5%.

RE FLAAPR PR, R ZEF R e( [&] 1d~
B 1f), YENEFHR N 270 kghm 21, ZEFF, fFEH
PRI AR b L7000 18.5% . 12.6%7F1 68.9%
FAR AN AR S 180 kg'hm 2 B, Fpbirh & 2 5 P
B 1.5 ASAE s, MEEFFRASEI AR &
SR RE 14 R 01 DNAE . WAL E
360 kg-hm > [, FRRLHAEE &7 HOE 8 0.5 S E S
M, ZEFERUA S PR 43 S 0 0.1 F 0.4 AN 4T R
A E] R R A BC H e B 22 5, (HIR]— A ZEAS ]
HSAFTE2E 5 . BRUSFPRI R R & L 3 = T W0
LIRS, A& 270 kg'hm 2 1, 228, WiALFI
TLAFFRLR R i Loyl R 75.5% . 65.9%F1 66.0%.
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Table 3 Effects of different nitrogen fertilizer application rates on yield components of winter oilseed rape

WOk (ERER TR
i ah A b ¥ BARR ST ARAL ThiE
Plant density / Seed number /
Site Cultivar Treatment Number of pods /No. 1000-seed weight /g
( Plantm?) (No.pod ")
[ KA 199 N 24.0bB 49.0eB 16.3cB 4.45aB
Hubei Dadil99 Noo 25.2abA 109.7dA 19.0bB 4.43aB
Niso 26.7aA 127.3cA 19.8bB 4.42aB
Na7o 26.4aA 144.0bA 22.3aA 4.48aB
Nieo 25.0abA 160.7aAB 23.0aA 4.41aC
-1 Average 25.5 118.1 20.1 4.44
1E3H4R 62 No 20.4b" 65.0¢" 17.9¢™ 3.71ab™"
Huayouza62 Noo 23.3a™ 131.3d™ 21.1b™ 3.80a""
Niso 24.0a™ 164.7¢" 21.5ab™ 3.64b™"
Nazo 25.0a™ 187.3b" 23.32™ 3.676™"
Nieo 23.3a" 202.7a" 23.3a™ 3.73ab™
] Average 23.2 150.2 214 3.71
R K 199 No 27.3aA 66.0cA 18.9bA 4.76abA
Anhui Dadil99 Noo 26.0abA 104.7bAB 22.0aA 4.62cA
Niso 24.3bcAB 113.0bB 23.3aA 4.65bcA
Nazo 25.0bcAB 137.0aA 23.5aA 4.71abcA
Nigo 23.0cB 146.7aB 23.9aA 4.79aA
- Average 25.1 113.5 223 4.71
i 737 No 28.0a™ 78.7d"™ 20.3¢™ 3.81a""
Fengyou737 Noo 26.0ab™ 136.7¢™ 22.3b™ 3.616™"
Niso 24.3bc™ 154.7b™ 23.7ab™ 3.54b™
Naro 24.7bc"™ 162.3b" 25.3a™ 3.87a"
Nigo 22.7¢™ 181.0a" 25.32™ 3.81a"
P-4 Average 25.1 142.7 23.4 3.73
1L Kb 199 No 26.0aAB 55.0eB 19.3cA 4.68aA
Jiangsu Dadil99 Noo 24.7bA 95.7dB 21.3bA 4.89aA
Niso 23.3cB 119.3cAB 22.3bA 4.68aA
Na7o 24.7bB 136.3bA 24.0aA 4.76aA
Nieo 21.3dC 169.0aA 25.0aA 4.64aB
-1 Average 24 115.1 22.4 4.73
TI% 1838 No 25.3a"™ 60.3d™ 20.3¢™ 4.27ab™
Ningzal838 Noo 24.3ab™ 93.3¢™ 22.0b™ 4.37a™
Nigo 24.0b™ 122.3b"™ 25.0a" 4.17b"
Nazo 23.3b" 166.7a™ 25.32™ 4.22ab™
Nieo 21.7¢™ 178.3a™ 26.3a™ 4.18b"
] Average 23.7 124.2 23.8 4.24
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[ ] kHB199Dadil99 /A #4462 Huayouza62  |——] 7l 737 Fengyou737  PXXY 47241838 Ningzal 838
[ ]#PK Seed [ 1 #u5% silique wall B 447 Straw
240 240 240
. a) b) c) a a
W’E BNEEE aa BNEELES a BNEEE a
a
it fn 180 s a s 180 g arh k; 180 [c.ps b
-
i 3 FNxC:ns b b [ NxC:ns b E INxC:ns b >z4
& E 120 120 c M | B 120 ¢ [
R o ¢ ] - % S
®E I — - ] I * S
& 4 |HI|H | H o 1K
Z 60 oFSE |83 1 H | | OFaen | KY | K
I= i |§ S
0 = = . . A .
c\@ N(J N‘)U NIRU NZ7U N}(!U 9 N N 9 N 2 N}NJ
3 120 120 120
- ¢) f)
= g i . - T ~L T . N, T o L
3 I =Ne=Re=Na=R5=
B2 ] ] ] ] ]
K380 Y O o O e A s A0
% 2 — — — — —
2 Sl /3 H I H | H
X = HH|E|E
p 40 40+ - — - ] 40 -
& 8 § g -] o
ERNN 7 e M = N _
: e ErEE
Z NO N9O NlRO NZ7O NS()U NU N91i NISU N27O N360 NO N‘)O NlRO N27U NS()O
AbFR Treatment QbR Treatment AbFR Treatment

F: ARIR/NG FRER IR [F)—H g ] — SRR R U L 7E 0.05 MERK PR BE . N HEIEHE, C M, NxC FEREA
JIE 2 A Bl B 3 HEAE . R IR, Note: Different lowercase letters in the figure mean significant difference at P<0.05 between different

nitrogen treatments in the same site and cultivar. N refers to the rate of nitrogen fertilizer, C stands for the cultivar, and NxC represents the

interaction between the rate of nitrogen fertilizer and the cultivar. The same below.

K1
Fig. 1

RNCRTUCR I E AR AR R KI5 (a Ad iidE . b File 8. o M £ RTEIR )

Effect of nitrogen fertilizer on above-ground nitrogen accumulation and distribution ratio during harvest( a. and d. are Hubei, b. and e. are

Anhui, and c. and f. are Jiangsu )

23 MEITEXNE%REB

Jit 2 G N T A SR IO S B2 3 e L
REkEAE (K 2), HEHERCHESm, AR
%E%Lﬂo 5 NOALI\IE*HHC’ NQO\ N180\ N270 %ﬂ N360
AR TCHLASR B 2453 G N 14.1% . 46.7% .
67.3%H1 93.6%. TEAHFEIZALIE T, AN S A TeHL
RIRBAFAE R E R, JUHAE Nog LT, 1L, %
BRI T AR B 22 ik, X535k 28.2.
49.9 1 61.2 kghm >, fhFhE| CHL AR BE LB & 25,
{EKHL 199 S FRRTE AR 1) TCHL A% B A e 22
S, WA AR T 2T, Hrh e . L Noy
S, Kb 199 SFRFERIAL . LBOTLIR IO SR
BAr 9k 24.6., 46.3 Fi1 50.7 kg-hm 2, ZERUFIVT SR T4
A3 s R 88.2%F1 106.1%.
24 REN-PHXEREERIERENHE

FRPEE A - A, IR EAR ., Ema
T4 i B e A U A R BRI A, o SRV A -

iR R RM, HEAEA N 180 kg-hm > B,
Ak A R SR A W E bR (TR 3 PR X ). 4
FEE A 2 270 kg-hm 2B, BAR AR EE & 7 5
BAETE R B AR B A TR KUK 5 1 sk >
AMEHEZE 90 kghm > iF, WIFTAE S H AR =
BEAR, BRI = a, JF nl ae s a3 55 403 B T
FERURS o No 2 BHRT , R BTl b F 5P Ak 2
B KT A, SEEER TR, 2=
Ak Fk, MEAEHEN 180~270 kg-hm *H,
Xof BREE ORAP B AT RF S A e A 7 B B VE .
G FIE RO R (£ 4), RS
A BTG XR, MIEHLASRE MEAZRRN
A R — I IR REOC R . PR ER TR
WEMMEICEE XS, PaEMSEERBE: 1L
I ¥k 273.5 kg-hm ) .35 5 T L A28 (CF
¥k 220.0 kg-hm ?), HITIRAE& = B im, T3
3 332.5 kgrhm >, 23R 200V it it 2 44 i ey
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[ ] KH8199 Dadi199 15757262 Huayouza62 [ HEili737 Fengyou737 PSR 71838 Ningzal 838
0 00y, or v a
(TE 60 B\ 60_‘N:*** ) ia 60 [No#e ) b b
E” 50 FCo¥ 50 -C:ns by Doy 5L 50FCins c
- % 40-N*Cins 40 L N*Cins . - 40 LN*C:ns ¢4
\'i o0 t a L C — L
B2 30p b, & 30p &S o s0p 44
= | ¢ L . L
2 20fdae 9o = 20 = 20}
gL I - I
‘é 10 —’19 ’J:a 10+ ] 10
0 0 = 0
NO N90 NISO N27O N]GO NO N90 NIRO N27O N360 NO N90 NIRO N270 N3(>0
Qb3 Treatment Jb B Treatment 4bFH Treatment
K2 FIEXS ORI TCHL AR B 52 (a. #3dE, b, LRL, e TLI8)
Fig. 2 Effect of nitrogen fertilizer on soil inorganic nitrogen residue after harvest ( a. Hubei, b. Anhui, and c. Jiangsu )
KH8199-#1-]E Dadi199-Hubei . %\\&\& Eﬁ ’ Iﬁﬁﬁ%ﬂﬁﬁ%{&ﬂ:g{m %Xﬂ‘ﬁ% B’Jﬂﬁq& ’ Mﬁﬁ%‘z
300 f K H199- % Dadi199-Anhui S ShoF S B ey 7 v — AP M e
@ 190110 Dad199 Jangsu s P WL EBORITTIR = AR S U FT
3l Z62-H1 1L H 62-Hubei NI . ) i o
ssol A IR Fengrours 1At S SR 2 HIHIFE 899%~203%, i Nigo AbBHIM = 2R A FI iy 25
_ K 7°741838-VLH) Ningzal838-Jiangsu “"«"}\e“f@}z‘,"&‘@’ ) i
g &\\\;\‘ . (% 2). BEAWIFEERI, I ETCrR e E L H]
< H00t EHEFER I Rt ) )
g 200 Risk of s(JJil mining ,/\\Q%\i&eg : g %iﬁu ﬁﬁiﬁu s %ﬁ@ﬁ%izﬁu 270 kg,hmfz HTJ‘ , F%ﬁ
E SN 5P sh . - \ _
£ 150} /3%§ O e FRE, ABG OIS TiX— £ kSRR
°© .7 o - 7;%:'%\ o b N2 N TN y
5 L PRI BT (%2), MLIEIT AR
= 100} e -7 S 80 kg hm ® . ; . e .
e ‘ < N outputis 80 kg b WAL LRI R R 50 217, 223 F
= P4 _ ,’.’S&- Qo\~
. PR N FEIES STl T2 B o = S EL N L A S A AN B[
50 a e ,// .(;\g_%z;@@ Risk oflov:Nuseefﬁciency 274 kg hm Hj" g{mm}fii:’: H{E:Fjij}j jjujﬂ 3 192‘
L % AN — y Dages Y
T S 3 081 13 333 kgthm ™ (K 4 ), IH3EHE= [1) CAEAET
0 0 90 180 270 360

U4 A N input/(kg-hm™)

B3 AR LTS U A S U 1] A5G &R
Fig. 3 The relationship between nitrogen input and nitrogen output
under different nitrogen fertilizer application rates

TG IEFFRREE K (% 5). MAXEUTH R
0 kg-hm > Bf, LTG5, M=, i
MR RN 80 kg-hm 2 I, ZUAE AR A5
- EE R CLEBOTR 737 BRAM ), AisE
FEREOE A PRI 0.9%~8.0%. 45 AR, s
-6 F AR R FWT-6) 80 kghm ™ i)
AR, Bl LRI IR =R SR A
BP0 207, 219 #1250 kg-hm 2, X AY
FEESE SR 3083, 3 054 Fi1 3 149 kg-hm 2, JGHL
R B0 22, 45 F1 51 kg-hm 2,

3 3 ®
3.1 ZimEXNRIEAZ/0E R

FUIEZ AN i B R FR 1o ARFTER

FUMRARE . BAORIECR TR A PRI 3 . S8 PR
R BIR BRI KB, SR T BT bk
FRBOAE AR R R R, B, Xy
ARIGZER (F 3) —B il 48 = ok A SR
(3 133% ) FEEFRE (HEIN 23% ), xR
JERT-hr A SR I S AR TR E K,
T YN IO A AT R A R R R R, R
BB DA E MR, kPR A Z
o R, S EEEWNAF 2R, FEPR
At B R, MEAEAPRE A A R R AR S H TR
2~ 3), ARG KZHAEHRR SR 5,
VERA I AU TG 48 T i, i H gk R4 5
A, BEAh, i it F RUIEIA v] REL PR EEHT A B
AR rh, SRR I TOHL AR B R R R R
P SRR R IEA DG, BEEC AR, AR
M SR g K e 2O T AR bR (R 4), Xk
B3 it AU 25 g Y A R B . R, B
3 L) U P ) 3 A T S i LR IR A XL
o HAT R
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*4 FARAEEFE. TNEARBRAZRZVUTENEEHE
Table 4 Yield, inorganic nitrogen residue, and nitrogen apparent balance were fitted with nitrogen fertilizer application rates
b st PR T TCHLAEL 1045 77 e RREFIEHAUS TR
Inorganic nitrogen residue fitting N apparent balance fitting
Site Cultivar Yield fitting equation ' )
equation equation
14t Hubei Kb 199 y=10.3x+824.4, 0<x<222; »=0.000 06x*+0.02x+16.1 =0.000 6x°+0.37x-27.2
Dadil99 y=3 111, 222<x<360, R*=0.975 R*=0.993 R*=0.995

EIMAR 62

y=11.5x+833.3, 0=x=<212;

=0.000 06x>+0.01x+15.2

¥=0.000 7x*+0.29x-20.0

Huayouza62 y=3272, 212<x<360, R>=0.982 R’=0.983 R*=0.992
8 Anhui K 199 y=6.4x+1600.8, 0<x<221; =-0.000 02x*+0.07x+27.6 $=0.000 5x°+0.49x-55.6
Dadil99 y=3015, 221<x<360, R>=0.922 R*=0.969 R*=0.999
i 737 y=6.2x+1751.2, 0<x<225; y=-0.000 04x>+0.08x+26.8 =0.000 6x°+0.44x-62.3
Fengyou737 y=3 147, 225<x<360, R*=0.918 R*=0.923 R*=0.996
DN Kb 199 y=17.7x+1199.1, 0<x<271; $=0.000 02x%+0.09x+27.3 $=0.000 5x°+0.39x-44.7
Jiangsu Dadil99 =3 286, 271<x<360, R>=0.973 R*=0.968 R?=0.993
T4 1838 y=7.9x+1198.1, 0<x<276; $=0.000 02x>+0.09x+26.0 $=0.000 7x°+0.29x-55.7
Ningzal838 »=3379, 276<x<360, R*=0.975 R*=0.970 R*=0.989
*5 FABAEAIR
Table 5 Comparative analysis of nitrogen fertilizer application rates/ (kg-hm?)
RIERWEA Sy AR I TCHLE TR 1t
E FETERTA WEFEL 77 Yield/
Hb 45 Site O kghm ALy 80 kg-hm™ i} Inorganic nitrogen
Cultivar AE Y ) ) Y (kg-hm?)
Jiih AR residue/ (kg-hm™?)
Wk Kb 199 Dadi199 222 64 204 204 2925 23
Hubei  #FiliZ% 62 Huayouza62 212 59 209 209 3241 20
R Kb 199 Dadi199 221 95 212 212 2960 43
Anhui 7l 737 Fengyou737 225 113 232 225 3147 47
T KHh 199 Dadi199 271 94 237 237 3022 50
Jiangsu  T°4% 1838 Ningzal838 276 121 263 263 3276 51

(DNitrogen fertilizer application rate under platform yield, @The nitrogen fertilizer application rate under the apparent balance of

nitrogen is 0 kg-hm>, 3 The nitrogen fertilizer application rate under the apparent balance of nitrogen is 80 kg-hm?, @Recommended

nitrogen fertilizer application rate.

EFFEMREXFNRIERE

e Gt BN PR LA™ S e KA B AR, 44 0HE
HAr™= 50 2 000~3 000 kg-hm 2 i), #iE75 &UE &
TR 208.3~214.7 kg-hm 2™, %45 5 5 A0 &
Mg RMIE . PEE R bR, YEARRA
N 212~276 kg-hm 2, &A1 AR e
3015~3379 kghm > (£ 4). R, ZEDNAIEE

3.2

2k QRIS AR VA ST S NS Tl Bl 10
A, st 2R RN . AR R E AR
PR EUIETE BOME A B ER B R AR, il . Rl
TR = A 5510k 62, 104 F1 108 kg-hm ™
B, FERESBEERE, MAREZRER N
0 kg-hm>( 3£ 5), 35 XH B S G AF 78 45 -
{8 Brentrup F1 Palliere!"*/3 b3 & 3 3 /N i 565K
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PR, MMEAE N 96 kg'hm 2B, H FERA KM
EREAGETRERAL, FEFNARBELTH L
HEHERURE T BEACANE ™ i XURS: , PR B R R AL
ARVER . EAELREWLL 80 kg-hm > HE
REREE, MR 2 EMARF TR, gk
oA, I EBOR AU A - R T4 U
Jiti P 2k A A 7 AR KRG 1Y AR 5 3 o A AR
SE T AMSEE AU R 180~270 kghm ™
(B 3), 3 — 1l 80 kghm > WA Z R MBS %
B, THRAARNIEAE . ORI A Th 3258 B A
FHESE 4350k 207, 222 F1 250 kg'hm 2, ZE5%
JE PRI A, AR . RO =
MR A AN HE Y S0 2070 219 F
250 kg'hm 2 (£ 5 ),
33 ¥MEEREHAENEE

T RUIE T AR LA Y R - AR
Wik REEEFZBARTA . Ml . BRLIKEE
PR, AR = AR S B RUIE R A A 2
S, REZEFERE . RIS
AR B AR RE M D T NS ), DR R A
ARG R 2E T W, A2 X R SR AR [R] RO
EARRB AT, HhEm i e MEA RN R E
W TR 199 AR (32 2, W 1), {EAEAH R AR
BAT, PiEZEE =R MAE R R E%
5, BRFPEEEIR M AR EME (F£5),
UK ML 199 ShFRIE R T, PTFEAS ] XA A
Ko HHEFR LIRS R P A 3 R
A BT A H I A AR T S F8 T
EEREFESPIRM, AURSTERRE, FARA/NE
(Al I KOk Y, 3 pH R AR R
ZHRIL, pH M 4.8 @ % 6.7 BF, il fbidi R ] 4
w30 5P EFFEPIRM, e SHHEZ £
pH. AHLTT . %R A RO B & 2 2 A
Ko BLAN, BHE)ZE B ML o A et R R s
HRHER ., RILnl L, R LR iE
P ELAT ZREPE AR e VIO S A AR . A
A O R RO B e e, IR RO o5 S
AL ARG, (EA b S AL R AR
W TR, BT s e 3, W R
MAEMRIRTE (R 1), X508 RS ik &
A G o SRR A fivis K AR
KAEEZEEM. FFHEE R A E RN T8

RSB, TR T v 2 s A A R DR R AN
B AUKIGEE TG ShY . TN, ARk
FRW R A E L, BT R IR R k.
DL I 1 it 0 R s ) - S99 3 S AR AR
e, AL ERORIT IR A E R R K o R
496, 761 1435 mm, HIJREYIN 14 CLEAP,
G SEOCHEHZ IRIE T (e lm %,
TAPRIE R, X5 A5 R —

JRUEARBEFEAG AT = AR5 1B 5 Fh Ay 2
B, E R A& TS 7 A R ER B 14 i R AT SR A AR
AWEME. HEEEAEHENGEREZF L2 5 H
[, AT T —4FR 00, 30l H F 58
UG T E AR . KT RS X E
R - A VR, b R R S R A KR
KM B HAKTR . Rk, BRUEAH R IR
J& s E A TCHL AR B X - R R E R AW AR
EHECEE, RN ITE R Lk 2 A ]
JEE 09 FEI JR) 0 S, DA R P i ROC LR AR B A,
AR A BE A4S BRI T /IR IR =% .

4 %5 ®©

it 8 A v AT S T R, (HY AU Rk B
270 kg-hm > B, FEERAELE 3 146 kghm* 247, It
R R ERRK, FRhRZ ORI, K
PLARER R, GE8% B2 ARIESEAR
B, Wb RO IR = AR S it T
A3k 207, 219 1 250 kg-hm2, M EF- 1445
ok 3083, 3054 Fi1 3 149 kg-hm 2, Wik G TCHLA
% -1 48 Wik 22 45 151 kg-hm 2,
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