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110161;

& O AR A N AR R DX 3 RN OGRS, R TR EIE A (0 ~ 420 keg/hm®) FTEZ
R (SEAE : BEAR : BEAE oM 6:3:154:3:3, IRMIAR6:3: 1R 54:3:38) Xk
AR B LA R i T S S KRS S BE S S A S R, WA AUIE S SRR K R T 2R BE AL
Y5 A R B M (A =090), FE, 613 1 ZUE X K RS T 249 25 BE X000 5 R B 5 T
403 340 I AT I A S R AOCOC R, KRBT P AT A LA B RSB AR AL, 575 2
6:3: 11X 54:3: 38K T M F % 5= (EONR) 209 4 216 ke/hm” (210 ~ 235 kg/hm®) 15 316 kg/hm®
(300 ~ 332 kg/hm®), 6:3: 1 HEH EONR k4 : 3 ¢ 3 B 46.3%., i 3 % & Pish Bz 4 TR R A
FHRAE R, K403 3R TR/ ARMTE (372% ~ 408%) BEFHT 6:3: 11K (29.9% ~ 34.2% ).
WA TR S IR SR, EHO AR T, BRI T 63 1A 4 03 3R IE HAUIE A
A 300 ~ 332 5 210 ~ 235 ke/hm®, A% KRR R AR R FHER DL RORE K O 3 SR bR, HEAEIL
AR YN BRUR IX A0 3 B I B 210 ~ 235 kg/hm?, B ELR B0 RIS BRI 4 0 3 1 3, BFSE4S BT
VAR S0 Y0) = A 0 GRS X5 3t I 5 N e R AR (IR D) S A B R A8 5, i b XK R ™ Ml 0 K e i 1L 3 i

S

KA KA BEIHEAE RS MG S HIER

ZRAb M DX ER Ak - Hb T AR 24 o 4 [ A AR R
T AR 7.7% ", TE = A N M X T AR b b X
(e R o, T T AL ) o i S R, 3L T KRS
A L X 3, 2 X 1 A 6.916 5 hm,
TR TR RE £, ZAE R — B RHIK RS,
AT R AL, R A AR R 1 22, RUIE TR R R
6270, iy 4k B R DX U A AR L 4R
A it A AR it 2 8 Ak e e R A5 A R 1 [
M PR R, ARJLER IR X A9 A T
TJE S HAAE XS, B VT4 T S R X
(i 1 165 ~ 180 ke/hm?®, A 536 =11 F
JEAE X (90 ~ 135 kg/hm® ) FI Hp 35 F4 B 7 JAS IX
(120 ~ 165kg/hm®) FHIEH 15 ~ 60 kg/hm?>'®';
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A PEER ST ERBRE X Jiti A (180 ~ 220 kg/hm®)
5 2 TP AR SR AR X (165 ~ 180 kg/hm® ),
ML ARG X, e R HR I =AM RE X,
YA AU A 270 ~ 300 ke/hm® 7, A
FIREAR, H728.4% ~ 32.1% ), “LIEIEfL ="
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1.1 e MR

TR ST = AU O T R T AL L R
HWIBEFHEZEFR (122° 14 17" E, 41°9 31" N), %
Hb g TR AR A KRR, AR K i 650 mm,
RS ~ 9C, THBI165 ~ 170d. 5 K
Tt K 2R K iR 400 ~ 800 mm, [E7K B A AAE 7—
9H; HIHREAEMEE 105 ~ 305°C, FHEM

30r . 1200
— ik 1
— WkE g I"/V \i; 20184
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S ol .f'\_ﬂ; L’U# : 1/ * 1120 g
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H# CH-H)

27°C £42°C (F 1), R EHEAEERBRUKAE L,
3 pH 757 £0.18, AR 1.73%0 +0.12%0, HLSR
304 mSem 298 mSlem, A ML % i 302 gke + 0.56 gke,
4R 160 gk + 021 gke, B fif & 101 mekg + 7.63 meke,
H R 18.5 mg/kg + 3.46 mg/kg, A 257 mg/kg +
1071 mgkg, %5 H 139 gfem’ £ 008 glem’, iR K 4F )
R 2018—2021 4, 4 4F 1) 3k BE 5 R oK A8 Ak dn 1 1 B
R, AEE WA RN 361 ~ 786 mm, TESHERIE N
3374 ~ 3507 °C.,

00 s ) 200
— Wkt M%f 20194
S 7R
B AL R -
Z 204 ] ij i ‘Ff T2 E
b ’A‘V ﬂ V\;V mﬁ
r 15" | . 180 &(&
10 140
Il | L L I] L I
05-01 06-01 07-01 08-01 09-01 10-01
HIW (H-H)
300 reon 4200
— " m
— S R ,.;-_7'\ . 20214F
251 cod L 160
~ AT 14 e
S T T g
N T AJ + e F.oq 120
v 15',-\,&" f | {80
b
10F 440

5 0
05-01 06-01 07-01 08-01 09-01 10-01
HI (H-H)

1 KBERESEMEKESH

1.2 Rt

Tl REL s o oA i L DX 3 KRG b T 47,
R E 6 MEALHEE, /NXHER S0 m®, 3 RER,
BEALIX A1 HESY, S0 0. 160, 210, 260,
315, 420 kg/hm®, i~ NO, N160, N210., N260,
N315., N420, 2018—2019 4F & Al iz % Jy F A0 - B
AE - BEAC=6:3:1 (fajfre:3: 1810 ), 2020—
2021 FENLIBZE R HENE ¢ BEAL ¢ FEAL =4 : 3 : 3 (fi]
FRa:3:38), Hf6e:3: 1N Yk R
FEM AR, 43 38K E NS A
Ko M6 :3: 1A H4:3: 3B Wil 44
WA, R 2018—2019 W 4E R0 HI{E 5

2020—2021 PAEIRER BIE AT LUK . FENE e b s i
A, Bl s H 25 HEg#k, 6 A 10 HiirEeie, 7 A
10 HpaAEAE, 10 A 8 HUssk, Ml A 30 em x
182 em, ALHEHENE (P,05) FAIE (K,0) FHE
490 kg/hm®, 4xEBILE, FILMHFHKER IR K, B
NE A R RS, FAEMBRARER . 25/ DX Z [ R
ACNERFRIREN R, AT AHZREE 30 em, Hb 3B
TiFE 50 em, FFFIPTAERE E DMAIES/INX 22 8] () B
B T [R) A RS Y e R R AR B — B
1.3 Wi H Rk
1.3.1 Z£EEGR

T A Ab FE s BCA AR R AE AR 109X, A

— 131 —

S

(T




| T T

——

rhE SR 2024 (2)

BT 10 d FFiR, MR 7 d e 1 IRCEBEREL, A
FZEEEA AN 1k
1.3.2 =i HA R R 5

BRI TS, A/ NXER 3 m®, Bk
T 1A H G e DA S S K, R BE BRI K
i (15.5%) #EA7T R4, R R b 4 A ik
B9 CHERE, Bl A s . BRI, A5SR
Tk R PR
133 RAEMARmE

IKAEFFARL S ZE R R & |k T R 2 Al
( EURO EA3000) illl5E

0

RE\ (%) = x 100 (1)
Y-Y,
AEy (kg/kg) = —° (2)
Uﬂrain
HIN (%) = U x 100 (3)

REIREREFR, AERERBERFHE,
HIN RERRWGRIEEL, U. U, 5l et A b H s
At AL PR EAR R AR R AR, U, JKHE
FRAEMERE, Y5 Y, At A S A Z A FK
FEOFPRL 8L, N WA
134 FEKA

KB 7 it B A8 A B R R K 2 1 o
HHEBEER S8, EARE RS &
el 5.95 R BB T, HEEEA SRR
WL AN 4353 A (DA7200, Perten, Sweden ) il
o FEOK B A BT TR AR R oK B RS . FEEE
BURAE, BERE. ZEREWE 010 10 77, BWRAE N4>
100 73, KRR R (STAIB, Satake,

—=-NO HIEEZ 631 (a)
500+ —O—NI160

—A—N210
| —w—N260
400+ —@—N315

—0—N420

300

ZEEEH (J74/hm?)

200}

100 M

10 20 30 40 50 60 70
e K% (d)

Japan ) Tzt [,
L4 Bt

FE it R S KRS e RO, PR, dE A
FEa P B AR (EONR ), ARAF5EEEH
LN GRS Y, SR SPSS 21.0 584K,
SHRANA VIS TT 22557 o

2 ER5SH

2.1 FNEEH TR BESN S AR b

FE6:3: 1B, 48 T A E S5 A A&
BB ZRBERE AR o, S5 Rk, PiER
WE AN, RIFH 2 it A 0 35 0 22 B80T 25
Jn (y=0.370x+205, =0.96); [FF, 4:3: 3 i
T, WA R (y=0.247x+240, =0.90) ,
SR N260 55 N315 2 [i] (1 2R BE R (T I 35 25 5%
WE 2 R, ZRBERTERARG S 20 ~ 30 d 2
fn, TEBARIEE 30 ~ 35 d Bl R BE, 252
BEROAMT TR, ERRRIE S 60 d ZE ke ok,
Bl 2a fi7, 603 ¢ 1A A4 BE m W) 1 IRAE RS AR
JE 5530 ~ 40 d, S RZEEERH IAE R AR A 5 37 d,
ZJE TR EESE T, ZREE SBGRRIRREEUE, M
N420 e R ZEBER M AERS RS 5 42 d, AR
AbERNG 4 ~ 5 d. NO ZEEERURA, A4 215 74 /hm’,
N420 25 BE ¥ i 5, 0 NO 19 1.89 4%, 1 &1 2b Fir
N, 4030 38T, BE A i 2 R 4 i 25 BE A
%, MXMEATE T m A EA T 22 5240/, JiH
fE N260 5 N315 Z [0 22 5 R 3, N420 [ 258845
WAL N260 19 1.05 f5. BARFE Kk, PiFpREl T2
B A R B E N IEMKRKER (£ =090),
4 3 3R H IR U R U R R R, TR
—m— NO

500+ —O0—N160

—A—N210
. | —w—N260
g 4001 —o—N315
f —— N420

AALiz%E 433 (b)

10‘2IO‘3I0‘4IO‘5IO.6IO‘7IO
Baa R (d)

B2 AREEERAXTRBEENSEHNE
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1o 2 v X IR R AN, 6 3 1 AR A
A FNE B BE Y EUAE FH T 43 BE Bl A5 5 i T
B,
2.2 RN IR f5 e A B R - 1 S e

MR VEH, TTIRFz B8, R
A[IAF] 10000 kg/hm® DA 1, BERA 20 X KR = e )
WMo 6130 VRIZUT, B ZE =itz sk,
N420 77 4 % 125 35 11606 ~ 11786 kg/hm’; 1fij 4 : 3 : 3
BT, 7 b AU 2 BT R R R R
P, N315 77 B fe m, M 10234 ~ 10390 kg/hm®, i
N420 77 5 31 F [ % 9768 ~ 9878 ke/hm®s M7= H2 )
B FE, DAMAEMERSEEL R, PR A

y=0.049x+64.7, r’=0.97; 4 : 3 : 3 }izk y=0.042x+
752, P=095); A3 ACHE AL i A A B R OE L
(6:3:1H y=0.472x+203, =0.94; 4 :3 : 3}
2 y=0505x+227, *=0.88 ), M THRiF KA, PIFPEIL
IBZERE T3, TR S A 2 i U
X (6:3: 1#5 R y=—0.0083x+28.0, "=0.88; 4:3 : 3
R y=-0.0108x+27.5, =0.93); SR THERECK
Uh, 63 1B REREC S BUE T S EADCOC R
(y=0.069x+108, =0.89), 4 : 3 : 3 iz FHLRIE 5t
R ICEAACHE, FRACR I Se Tt s e BRI
B, BRI IAE N260,

23 ARANEEZERAT - SN CR

(T

18 BT R S AR I R IELE (623 0 1K MIE 3 FE W, BT BT S LA 5 17

® 1 REERAXKEEREME TR

e s A MR Th Fp= IR i
(em) (A~ fhm®) (A~ /) (g) (kg/hm®) (kg/hm®)
6:3:1 NO 65.1+3.2d 220 100 101 £ 5¢ 273:12a 6380 + 333d 4167+ 221e
(0184)  Njg0 718225 245 11d 118 +6b 269 1.1a 9732319 6052 + 323d
N210 76.4%3.0be 290 £ 13¢ 125+ 5b 265 = 1.1ab 10102 + 401c 6308 + 356¢d
N260 80.2 + 2.8ab 332 14b 126  5b 266+ 1.1ab 10678 + 455he 6782 + 368he
N315 82.3 + 3.6ab 371 = 16ab 126 + 4ab 252+ 1.0be 11420 + 586ab 7200 + 402h
N420 843 1.7a 401+ 16a 134 + 4a 238 1.1c 11786 + 546a 8253 + 455a
6:3:1 NO 62.9+2.7d 212+ 12¢ 109 + 6c 277+ 1.2a 6120 + 423¢ 3900 + 455¢
(2019%)  Ni60 7264260 251+ 13d 124 2 6b 273+ 1.1a 9098 + 330d 5366 + 3254
N210 742 £ 2.0be 302 = 15¢ 131 £ 4a 26.5 = 1.1ab 10088 + 456¢ 6100 + 481cd
N260 78.0 £ 3.0ab 338 = 16ab 130 + 5a 260+ 1.2ab 10464 + 515he 6610 + 375he
N315 80.7 + 1.4a 367+ 15a 126 + 7ab 25.6+ 1.0bc 11328 + 476ab 7154 + 436h
N420 82.9+2.7a 391 £ 13a 138 + 6a 242+ 1.0 11606 + 538a 8139 + 4802
4:3:3 NO 73.5+3.5d 225+ 11d 120 £ 6¢ 27.0%13a 6238 + 385¢ 4289 + 206d
(20204) 69 80.3 + 3.9¢ 263 + 14c 123+ 7h 26.1+1.2a 9152 + 316h 5986 + 314e
N210 853+ 2.1h 346+ 15b 138 + 6c 25.6 % 1.0be 10100 + 546a 7300 £ 357h
N260 87.2 £ 3.2ab 389+ 13a 150 + 6a 242 % 1.0c 10345 + 512a 7658 + 403ah
N315 87.6 + 3.1ab 398+ 17a 140 £ 7h 243 % 1.0c 10390 + 612a 8259 + 498a
N420 91.4+2.5a 410+ 15a 124 + 60 228+ 1.0 9768 + 588a 8396 + 465a
4:3:3 NO 75.1£3.1c 235+ 11d 122 + 5¢ 272+ 12a 6482 + 308¢ 4461 = 306d
(202L4) y40 82.1:3.2b 275+ 13c 127 £ 6c 265+ 11a 9354 = 345 6114 = 456¢
N210 87.1%3.1a 340 = 15b 142  6b 258+ 1.2ab 10130 + 449a 7316 + 446h
N260 87.6:+2.1a 393+ 17a 154  5a 24.4x1.0b 10059 + 496a 7856 + 336ab
N315 88.2 + 3.0 406+ 14a 144  6ab 243 1.4b 10234 £ 555a 8447 + 399a
N420 92.0%2.5a 424+ 18a 120 + 6¢ 226+ 1.2 0878 + 487a 8548 + 498a
T RFETFHZFIRA LR 5% KPAFAE R B2 R
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Beerfl, RI7EARZ ST

K=& (kg/hm?)

IKFEA

2.4 FEAE A R R AR
MR 2 A5, T i L 3 0 kR S R R

13500

10500 +

9000 ¢

7500

6000

ARPLIEEADE, e A
A G R T E A PRAOC R . BTN 60 3 ¢ 1
B (Kl 3a) WEEE% A (EONR) W 316 kg/hm?
(300 ~ 332ke/hm? ), 4 : 3 : 345 (|81 3b) % EONR

76:3:17rﬁiﬁ

12000 +

(a

)

y=11493 (316<x<420 )

EONR=316{( 300~332)

100

200 300

AR (kg/hm?

400
)

500

9 216 kg/hm® (210 ~ 235 kg/hm® ), 6 : 3 : 142 =X 11y
EONR [t 4 : 3 : 385 46%. #5d EONR JE Lk}
POPRS DAL =2 e RN A Py &€/
RECR L% TR

12000 [ 4:3:35% (b)

y=10163 (216<x<315)
10500 |

9000

IKREFPRLT B (kg/hm?)

7500 -
Y,

6000

0 100 200 300 400 500
i (kg/hm?)

B3 AREBEEEX TREERELRE
e 603 LRIREUE R 2018—2019 FIAEERSIA, 4« 3 « 3 BiUEUE HF7 2020—2021 FHAFAHEEIE . EONR Wi EiiA it

LAl

AT N, RERR YRR AR A

15 y=0.378x+96.9, ’=0.99), 4 N420 i}, 6:3:
B 403 3R BB R AE, 58
229 5251 kg/hm’s MEEFIHFNKF, 4:3 : 3
KMEARFHREAREEHT6:3: 145, 4:3:3
*2 RIEEAMKEEREERRERARHEMN

/é\

i IE
30 1R 2 y=0.335x+81.5, r=0.99; 4 :

HI2E (613 18150 y=0335x+81.5, "=099; 4:3

-
B!

3
1

A5 63 LR m AR R 5508 40.8%
(N210) 5342%(N420), 4:3:3fX56:3:1
B R AR . AR BGAE R = A B
N160, 4331 18.1 ke/kg. 0.75 5 19.8 kefke. 0.79, L)
R ARBHAEBULNHET, 63 1 EEEMEA
JIE X JA] W 7E N 260 ~ 315 ke/hm® 2ZJA], 413 : 345t
NIZE N 210 ~ 260 kg/hm® Z i,

1B A

REGE (%)

HEBUL (kg/hm) HHEZER  AZAER AZfEer  AZWE

¥k AT ¥k FEAF H (kg/hm®) (%) (kgrkg) Bz
6:3:1 NO 1.04¢ 0.50¢ 65.0d 20.2d 85.2e — — 0.76h
N160 1.14b 0.51¢ 107.0¢c 29.1c 136.0d 31.8b 19.8a 0.79a
N210 1.14b 0.53¢ 115.2¢ 32.9¢ 148.0c 29.9h 18.3b 0.78a
N260 1.17b 0.61b 124.3¢ 40.8h 165.0b 30.7h 16.6¢ 0.75h
N315 1.25ab 0.57h 142.4h 40.9h 183.0b 31.0b 16.3¢ 0.78a
N420 1.41a 0.78a 165.3a 63.9a 229.0a 34.2a 13.0d 0.72¢
4:3:3 NO 1.08c 0.58¢ 68.7d 25.4e 94.1e — — 0.73ab
N160 1.26b 0.66b 117.2¢ 39.9¢d 157.0d 39.0b 18.1a 0.75a
N210 1.30b 0.66h 131.0b 48.2¢ 180.0¢ 40.8a 17.9a 0.73ab
N260 1.35ab 0.75be 137.9ab 58.2be 196.0bc 39.2h 14.8h 0.70be
N315 1.43a 0.86h 146.7a 71.8h 219.0b 39.7ab 12.5b 0.67¢
N420 1.48a 1.25a 145.3a 106a 251.0a 37.4c 8.3¢ 0.58d

W 603 1 EEEE ) 2018—2019 FHAEEEINE, 4 ¢ 3« 3 BERE(E N 2020—2021 FIAFEEREIE, ARFEFIRINNG] 5% KTAAAEREELER:,
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2.5 Jit ZUE AR K i B R S )

MW 47T LA W, B & A & R3S, &
HR & EEN, 6:3: 1 EARSEMN
6.18% 14 1in 3] 8.39%, 4 : 3 : 34 X M 6.50% 35 i
2| 8.45%., PIFP AN IS ZEHE B EEVE M & S T T
B, ORURARE REZ MG 0, FEREEW TR, KR
JEURIERTE - N R S R g S Dl =Y 4
WE M IEAOC KR (63 13 y=0.650x+2.37,
=0.95; 4 : 3 : 31 y=0.879x+0.577, ’=0.95), Kk
P B R S AR B A OCOCR (6:3 111
e = y=—5.92x+101, r2:().93; 4:3: 388 y=—9.87x+

65 - 6:3: 1455 . (a)
60 | //
55 V)
50 F % BR{E
45k 300~332 kghm? — %
/l
.21 b .
f 0l * * *\é ﬁe(@%%
S 19t o
= sk %
9 L
gl _
a .
6 |
Sr
it o

iR (kg/hm?)

0 100 200 300 400 500

126, ’=0.99), KURM WM HHEEH &2
W IE M O OE R (603 14 A y=5.124x-414,
r’=0.89; 4 :3: 3% X y=7.699x-93.5, =094 ),
F6:3: 18R 43 38 E T RIEHE S5
16300 ~ 332 55 210 ~ 235 ke/hm® 2Z ], 41K T it
RUE X FDK M il B e o A8 Ak, UL IX R
W BT 2 RIREAR, A T B RIS X ) () B B Ab 1
oA KT B, 7RG ELR AL HARALT
(4:3:3), 107 = AN ER RS X ZUIEE B &4
210 ~ 235 kg/hm®, It 0 T PR E 2 b X KRR v 7=
B G REWRGR .

65 r 4:3:3F5, (b)
~
60
55+ v
ol % fnk
45k 210-235kghm® 7
21 'é
IS * 7 -
=20 Tk # HHEER
St K=k (%)
B gl 7 —%
T % EAR (%)
i W (o0:3
6 | S 1
if éé‘ o oHiE

0 100 20 300 400 500
MRS (kg/hm?)

S

B4 RIEAESEARERMXE

3 it

3.0 MR HO S R AT AR A 5

W JE 2 A RO BERRAR . R 7
BT RS SRERIGEK  AEEEK
KRR TR, PR, SR, Y A bR i —E
W, PRI R T2 A —E B MG, By
MEARE N, MR L . TRERR, P RIER
EEARAE AT B R R R SR e A T Yt EUIE
By, BB RE . TARIERN, PRER
A BB KR 2 AR, PR3 e UG
AT LAl e D T 2 [ A R, ek e, e
A E) 453 2 2 S BOK FE R R R A A 5
PR TN 8 0 B K i) 5 A P T 7 A - 33
v, SRR . SRR RS AL A A
g O RO A, REAR T, 15l
= F AR BRI, UL RTINS R, TR
AR BRI S HUAE, ML AUA 5 400 kg/hm? IR
BRI RIS s WL PR AR R RRE X, AL

e i

B BRI A L™, HF AT g5 1
A o, ARKPEE EENIRRESA, KR
2K R - R A NH, N & im0, b
+ s A O 5 NH,' e i #k T & g i 5
R, NI T R E WL, R s
FKW, REPEE LS pH RIEHSE, A
A, bR e S & H ) R e
1% ~ 5%; FENE5 3 EENL B Br & 15 &k o S
67% ~ 80%, FEAEMEL Y 20% ~ 33%, KL, 7Ed:
B IS T IS YRS B A R TRER S R ik
FH AN G # he ke nr A TE R, fEifER
KRS, R RS B L L
R D RGNS AN B: TN L% - WX
Fer = MR E AR, K% 150 kg/hm®,
403 3B AE - i AR AR R &, X
s R R, 5603 1B MS 3 2
AAALE, 403 3BAKAE R AR REEE S,
Bohaiss P prr R, SesEAILL, 4:3:3
MR 2 ¢ 3 0 5 AR ) i KR SRR A S A T
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2.90% 55 155%, T4 :3: 3Kk ExEg. F
Hi2 2 e U N 225 kg/hm? BURGTEE R, rE L -
BE: AT M 3624 4 F148: 32 2 Wl LM,
RIAEN A i, BERAEARAHE L &,
i LA, KA RT A, &Y AIEE
B, HEAE . PRI R 50% LI, REAR & LR
Hl7E A 30% Z W, BT KRERE™ . BRI,
3.2 EHANHEER

RTERANEHEREE T ENHRC AR
Z 2 E e Y R, 2009—2012 4F [
= KRG AR X OBl BRI AR (A
192 ~ 211 kg/hm®, ASBIFFEAH H TLT0T = Ay Y DX 3 F
SN FH %R 210 ~ 235 ke/hm®, W R T4 [ - 2
IRV LA B AR A A KR = X (I =T S5 5 P T
J5) RARFHLRR ), EE R T XA T ARICE
JR iR v, JEIRARIR R, KRR, A
NEFRAr R BRI, 5 b B~ Wit 2UAH e
(270 ~ 300 kg/hm®) 7', ACHIFSE 7 i B R AR
T 50 ~ 80 ke/hm” FYEEREA, 2k B AEFI
FI% (284% ~ 32.1%) 385 T 10% 7247
33 AR SRS R

AR ST RUE F 2 SRR A S 5T
B 22 P RO S R

Zhao % 20V BIFSY T I0 IR = A0 U IR AR AR R R
JEL ity G R OR 7 i B i SRS, B 2
h 210 kg/hm” B, K P= B AR0E . R TR A
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Study on the optimum nitrogen application rate and nitrogen application model on rice in coastal saline—alkaline regions

LI Bo', QU Hang', GONG Liang', JIN Dan—dan', YU Guang-xing’, ZHENG Wen-jing’, SUN Wen-tao'~ ( 1. Institute
of Plant Nutrition and Environmental Resources, Liaoning Academy of Agricultural Sciences, Shenyang Liaoning 110161
2. Liaoning Rice Research Institute, Shenyang Liaoning 110101 )

Abstract: Field experiments in the coastal saline-alkaline rice area of the Liaohe River Delta were implemented to investigate
the effects of different nitrogen fertilizer application rates ( 0-420 kg/hm*) and application methods (6 : 3 : 1 and 4 : 3 : 3
for basal fertilizer : tiller fertilizer : panicle fertilizer ) on rice growth, as well as yield and quality. Dynamic investigations
of rice tillering showed that the average number of tillers per hectare was positively correlated with nitrogen application
rate under both 6 : 3 : 1 and 4 : 3 : 3 modes (¥ = 0.90), and the effect of nitrogen fertilizer on the average number of
tillers was greater under the 6 : 3 : 1 mode than under the 4 : 3 : 3 mode. By analyzing the relationship between different
nitrogen application rates and yield, a linear-plus-plateau fertilizer response model was fitted for both modes. The optimal
nitrogen application rates (EONR ) under the 6 : 3 : 1 and 4 : 3 : 3 modes were determined to be 216 kg/hm’ ( range:
210-235 kg/hm” ) and 316 kg/hm® ( range: 300-332 kg/hm”) , respectively, and the EONR under the 6 : 3 : 1 mode
was 46.3% higher than that under the 4 : 3 : 3 mode. By comparing nitrogen use efficiency, it was found that nitrogen
use efficiency was significantly higher under the 4 : 3 : 3 mode ( 37.2%-40.8% ) than under the 6 : 3 : 1 mode ( 29.9%-
34.2% ) for all treatments. By analyzing rice nutrition and taste quality, while considering yield, it was further confirmed
that the appropriate nitrogen application rates under the 6 : 3 : 1 and 4 : 3 : 3 modes were 300-332 and 210-235 kg/hm’,
respectively. Considering the three indicators of rice yield, nitrogen use efficiency, and rice quality, this study recommends
an appropriate nitrogen application rate of 210-235 kg/hm” and the 4 : 3 : 3 mode in the coastal saline-alkali rice area of the
Liaohe River Delta. These results provide practical technical guidance for rational fertilization and efficient use of nitrogen
fertilizer for Liaohe River Delta, which can be helpful for green development of the rice industry in the region.

Key words: rice; coastal saline-alkaline region; yield and quality; the optimum nitrogen application rate; nitrogen

application model
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