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R E 11 57 VG L S SO 5 e 7 1 e ARt B K

KRR B, PUEMLEE; A AHSe

B WK (Ricinus communis L.) J& T Kk KEE. rrm A e A 8 K, iEA 6

( Euphorbiaceae ) BKJE ( Ricinus ), TEFREHEM LI
Ak —AEA AR Y T, BT R, s
W, R FEEAMREY . REEWAERER
P ifi R BUE SR TR 2 —, s HAR Y4t
E. WL YR EEA R, e

KRB 2020-05-12; FABH: 2020-06-20

E€WMB: NE T ARREILETH [2017MS (LH) 0307 ]; il
U WS RIGERFRHE AETTH (SXZX2017004) 5 N5 A
6 KBRS R S I E PR AT H (MDK2016033 ) 5 58y
RS RAR AT H (NMDSS1760 ) 5 52 A X 5 R A G5
P BA——BE RS B P 52 BT A A 45T H (2017),

EEBN: BAEE (1969-), 5, WEMHREN, Hz, it M
YA A FRITSE . E-mail : shoujun—xu@163.com,

— 192 —

DB R, BERAE KRB, Rk (1 R
BLOZEML. —gUES . CUEEUAIA I
R, K RCBO BB E TS e, R
W 288 Ak O, e B R I T BB 2R
MR, TR R, AR AR R R 1S
B0 UIE A T 25 Fn i B b B A7 0 78 3R R
] A6 7 S5 X 7= i A R I 28 s, R R SRR
JRIAT R 0, DT A2 7 P v O 1 B ORR
AR IR AL R B, Bl AU A 3, BERRAS
[l E A K BRI R I A b
0 A BN, B RRAT R ORI R 5
THE T Rea$he 7, U W b 2T A i B PR 43
ME,



hE SRR 2021 (4)

PEIL P FUE R E R 7 X2 —, A’
MRZ 2" 5. HIRES—NERT BRRALSSFE
B 1SR O, AR B RRAS AR
VUL B JRR A 7 ) R . SRR R IR
B Gk ZUHGR. B KRB AT ERRZS
SERPR L, JRAT B RRAR AP BA BB IR BT
B BUEIRRE S, dE A B AT DU R 4F A
KRR B e AR L O AR S . —
SRR R R PRL TR, eGE S
FEDT . 22X, JCFR A A PP A .
B, RTRERT BRSSP SE, FEEPELITIL
J7 T — AR 7 2R B X R T
MR TR R R AR 2R 0 R O 4y
BT SRR SRR AL SO
KT RE S REAT BERR ™ H2E-55 ity o 1) R i) B HL A L
fifl, SEULARIE . A SCLATR S —A T MUY REFT B
A APIEEE 1150, LAS AT ERASSSAPE B 9 5
IRTIR, SRATEAT BRI SR A AL B P L
It SRS AN [ RS K i o S AR S, P aL
TP O B RRASSSRh e  DE BORIT AR (LB 45 5

1 #RERZE

1.1 e A

AR F 2018 F1 2019 4F 7838 1L 11 BHR WD X
A WO BT R B X (43°36" N, 122°22'E) F
11, IR 6.1°C, = 10°CTH SRR
M 3160°C, HIREHECH 3113 h, 4EFHFKE 350
mm, N TRERERE, 2 4FAIRIR 2 e AN [ b
17, R HBZ HHERGUILE 1,

F1 BEITERR

by AT A AR TR
(g/kg) (mg/kg ) (mg/kg) (mg/kg )

2018 17.16 47.52 29.17 134.05

2019 17.89 48.23 29.50 130.01

1.2 K5es ok

B E RS A N EE O S MEE 115, H
WS E L T O B s, s E 9 5o
FFZesefh, B 11 SRR Hh .,
1.3 Rt

RIRE N0, 60, 120, 180 kg/hm” 3t 4 A~ JE
FH AR AL B (AR BRI N NO, N60, N120. N180 ),

HERES: 2 KA, SENEAEREFIETEA , I8 AE S
AU, BN 7 30 R (P05) 30 keg/hm?,
JitE# (K,0) 60 keg/hm®, 8. B AEAE Ry 00 — vk v
Jiti o B R FHREALIX i3, 3 WRER, /NX
160 m*, 178 65 cm, #EE 60 cm. #4E5 H 1 H
&b, TH ) BRIR] 24 b K
L4 W H Rk

MEE— R BT b, e S R A B RR
HATFRIC . MIFAEIATF IR, BN AR 10 d Bsid
FERE 2R 0F R PR A P R, SRS RS
FI| -80 CHBARIR VKA HIRAF, eI L fh G 1
A AR/ NX ARG 10 d BEHLI 3 BRFRICHITR
FZEBAPRL, 7F 105C AT 0.5h, 80°C T =
THEE, FREJSRFIH A & i, BRSNS, &b
X BEMLAER 5 A%, 0 5 2R

HBE LY LR (SOD ) JiFME A E R AUEE
POk U S SE AL (POD ) I I E R
AAIREE Y, SAER (CAT) PRI E
KA 0 I (MDA ) & il R
AT E e mR i 0, i S R AR 1
RAARBOENE
1.5 ZHdkab

FIH Excel 2007 1 DPS 16.5 5045 4b 3 2 48 g1 7
FHOCK b 3

2 HBREH

2.1 AS[RIE R b Fh i R A il M X U AT
M )3
2.1.1  SOD G XF AR K A e 1o
SOD J& 4 1% P9 ¥ B T 2 4 1l i 1) G e i
REAEALAE AR N o S AR A B — ] P ) ——
AAME (0,) BABMRN, 4O, H0,,
HR PR/ IR E RO RS RS Y T
Al ELRRIESIIE] SOD 1M ZIEACT-Aima i UL 3% 2.
2 W, BHERNKYETE, KA 2
i A SOD I AR A /AR — 3, BIfE 0 ~ 120
ke/hm’ i EGE P, A SOD Jh P KR, Y
RUKFRE R, 53] 180 kg/hm® B, SOD 7 P A5
ThEr, R, 7ERHERBEL, 05 60 keg/hm® 7K
SF-Ji] SOD {ifi 1 25 S K4 A i, 120 5 180 kg/hm?
K- I) 22 5 K 43 8 2, EIRAL (0 160 kg/hm?)
55120 ke/hm® b B 7] 22 5 353k B K F, 5 180
kg/hm® A0 HR B R4 NIk B K- 2 SRR TRIA L,
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Fx2 ERHEARESMER SOD iEHEXT & ALK T BNk AL (UlgFW)
M i LhFR 15 10d 1f5 20d 15 30d 1Ef5 40d 15 50 d
2018 EE 9IS NO 325.53 + 32.04d 344.49 + 28.26d 335.30 + 31.55¢ 312.24 £ 28.67¢ 289.51 = 12.22d
N60 361.86 + 20.44cd 387.41 +35.45d 350.15 + 40.30e 339.27 + 25.96fg 303.33 £ 17.91d
N120 469.52 +20.17b 549.50 + 47.11ab 630.13 + 56.51ab 559.49 + 31.40c 396.88 +27.31b
N180 404.99 +23.90¢ 468.54 +21.12¢ 541.96 + 32.88hc 459.26 = 30.68d 370.55 + 19.27he

335.01 +27.80d

383.44 +31.52d

N60 387.77 +20.21¢ 456.94 £ 30.07¢
N120 514.98 +23.03a 605.62 + 40.88a
N180 461.74 £ 17.60b 538.56 + 29.64h
2019 JEE 95 NO 331.66 + 14.13¢ 361.23 + 15.12d

N60 358.64 +27.33de 399.35 +23.63d
N120 471.14 £ 10.34b 555.43 +25.08b
N180 404.82 + 24.04¢ 470.58 +24.68¢
HE 115 NO 362.73 + 8.54de 393.95 +20.26d

N60 392.92 +23.41cd 463.43 £ 32.89¢
N120 539.32 £27.07a 627.15 +36.70a
N180 468.85 + 19.67b 538.68 +26.11b

434.50 £ 99.16de
508.94 + 44.94cd
702.98 +48.61a
626.98 + 47.39ab
345.51 +35.20e
362.83 +31.17e
640.52 + 50.06b
548.42 + 34.40c
429.55 +26.85d
489.82 +29.48¢cd
716.20 + 55.08a

619.63 +39.81b

374.72 +21.31ef
427.64 £32.21cde
717.28 £40.27a
647.70 + 36.47b
307.41 + 18.98e
333.51 +29.47e
568.70 + 38.06b
461.07 + 32.68¢
358.15 +30.92de
406.81 + 34.79¢d
738.46 + 44.03a

628.66 + 36.82b

327.62 +23.02¢d
363.71 + 19.20bc
532.26 +31.74a
496.82 + 35.02a
278.82 + 18.64f
318.85 +25.58ef
415.21 £ 35.69¢
387.91 +22.46¢d
313.15 +27.38ef
358.48 +28.29de
559.91 + 41.90a

508.65 +32.61b

T APV R A AR 3R 22 573k 0.05 BB ISR Duncan 7%, &7 2 ARl —4E A I T, R,

1SR AT B R A% it LA R 1) SOD i P
B T 9 %, HIEMRAEUK- AR, 225 K0
YR, TESAMLRE (120 #1180 ke/hm?) T,
HEWF40d LG, ZRE%E, VBT BRI
PRI b s 3] 3528 Fr SOD T MEAE R EUKSE T i 2
R =Y A S i

BEZWEIK DR, 2 il SOD i 44 S pde iy 2
Al B AR RS- AY 0 22 5 AN, 7
RAUKFT, EE 9 SHIEETEALSS 20d HBL, @
B S EEAE S 30 d L, TEEAUKET,
W 9 S AIE(E/EAE T 30 d IR, THEE 11 5
WEMEAEAE )T 40 d A HV B, U IR AT B R 24 22 b 32
25 J SOD 1 PE4ER b #AEsm T s A4 s,
HAERZEAKTT, HEE IR RIS, 165 40
d AT TR, BRI RE
2.1.2 POD & MEXT RS B i i

POD 2 4 Jf B AR08 1 S 3 Bl R Al 51 2
—, fEfAL H0, AL AR LR 1,0, A
[i7] 5 o B SRR 22 30 18] POD 17 1 %o B 7K S 14 i 7
L2 3,

23R, MEFEEAKETHE, SRR 2
f P POD IGPEAR (LA R] SOD —2, 2 Huldhk,
FE 120 ke/hm® 35 B WE(H ., 75 HESR B, 05 60
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ke/hm® KA LG, 2 ShFf POD 36 28 53 K 40 A
K FE K, 120 F1180 ke/hm’® /K F-J8] Fed, 38 B
9 5 POD V22 5 KR 3 RIAFN B F /K-, T B
115 POD ¥ M 22 5 A A R 43 R ik i 2K F-. 2
i FRTELAE L, B 11 578 450 2R B B A5 A
LAY POD 76 PR Tl B 9 %5, {HAE 0 kg/hm® /K
PR, 2K REE, 7F60. 120 Fl 180 kg/hm’
AOET, 2 fFplal R sy 25 5 0 2, Ua i AUE
J&, EE 115 POD G R E & THHE 9 5.

BEEREIHERR, 2 BiFh POD MR 56 MR
TR RER AN E R KT H B Y B[]
A, 760 kg/hm’ KT, 0 EE 9 5 AIE(EAE LG
20 d BPHHBE, GEEE 115 Y IE(EAEAE S 30 d B,
TEMEAALFE T, B 9 SIS 30 d B,
M E 11 5 EERS 40 d HBL, Ui it Z 4
FEXE B 11 5 F25M 5 POD 15 A 52 0 2k T8
Bo5,
2.1.3  CAT 3G PEXRTEUAE K A o7

CAT B % fit 1k H,0, 73 f# i H,0 5 0,, ffi 14
H,0, R & T 5 O, e E SR T R AE AR A
EW - HO, EHWIAN EEREPE— " R~
[Fi] i o B DR VB 2 30 1) C AT 355 28 0 A 7K S 14 1 7
L3k 4,
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Fx3 ERHPERESMER POD &M &AL K F A0 5 (UlgFW )
A0 vl il 15 10d 15 20 d 15 30d 1EJ5 40d )5 50 d
2018 HE9E NO 657.75 + 4851 e 742.52 + 46.00e 707.51 + 45.58e 682.78 = 60.89f 603.71 = 47.86e
N60 703.07 £26.95de  739.90 + 40.97¢ 840.11 + 48.44cd 789.43 + 33.58ef 756.09 + 34.96¢d
N120 795.40 +55.44bc  857.25+33.06bed  997.99 + 77.52ab 930.27 + 43.95¢d 872.24 + 66.77ab
N180 744.02 +4531cd  771.85+61.90de 905.08 +36.08bed  833.17 + 28.49de 799.37 + 21.94bc
WH 115 NO 705.20+23.69de  801.83+49.62cde  831.73 £36.15d 754.29 + 48.93ef 678.56 = 34.64de
N60 819.36 + 30.66hc 888.41 + 78.16hc 919.25+66.86bcd  981.18 + 81.88hc 876.70 + 56.81ab
N120 915.15+48.11a 989.68 + 68.79a 1088.76 + 122.71a  1116.32 +90.90a 916.34 + 61.55a
N180 867.86 £38.60ab  906.70 = 19.44ab 962.61 = 30.72bc 1054.76 = 103.61ab 902.85 + 44.55a
2019  HE9E NO 676.31 = 19.15¢ 726.63 +27.91c 715.51 = 40.70e 699.08 + 66.37e 625.10 + 49.33e
N60 691.36 + 38 41c 734.06 + 44.27c 822.14 £4922cde  776.02 + 28.40de 739.86 + 58.14cd
N120 772.20 = 44.91b 838.34 £ 43.41b 989.55 + 71.18ab 913.57 + 45.82hc 875.31 + 41.64ab
N180 721.64+3521bc  767.64 +2831hc 932.04 +48.07abec  818.29 + 28.57cd 821.33 + 38.63hc
WH 115 NO 72343 +£27.06bc  769.24 +51.02hc 804.91 + 36.50de 742.58 + 54.76de 689.39 + 66.81de
N60 787.15 = 37.00b 825.06 + 46.39h 901.34 +76.44bed  964.77 £59.01b 859.58 + 38.15ab
N120 910.74 + 66.43a 976.38 + 26.93a 1043.08 +79.97a 1091.54 + 67.22a 933.74 + 64.11a
N180 864.76 £ 44.32a 918.75  50.57a 959.33 + 51.36ab 1009.33 + 88.04ab 879.87 +53.21ab
R4 ERPEAARERFER CAT & XS & BE K S # A (UlgFW)
0y i b 1Ei5 10d 1Ef5 20d 15 30d 1EJ5 40 d 1Ef5 50d
2018 W9 NO  119.52+ 14.90e 108.16 + 8.49f 92.79 +7.53d 89.18 + 8.05¢ 65.39 = 8.37d
N60  139.28 + 12.88cde 114.41 +9.78e 101.11 = 11.25¢d 100.35 + 8.86hc 73.95 = 7.54bed
NI20  161.44 % 12.69abc 141.62 + 9.06b 127.30 + 7.27ab 114.55 + 11.05h 106.90 = 10.08a
NISO  143.44+12.95hede  134.49 +7.87c 110.54 + 11.63hc 108.59 + 8.30b 81.00 + 10.26hed
WE 115 NO  134.46 = 12.66de 110.54 + 10.71ef 92,56 +9.37d 105.75 = 10.23h 77.48 = 11.14cd
N60  151.24 = 10.84bcd 124.82 = 10.90d 102.57 + 8.07cd 109.42 = 10.04b 85.13 + 8.85hc
NI20  184.19+8.52a 160.83 +9.95a 137.45 + 8.03a 143.93 +9.58a 108.92+9.21a
NI8O  167.56 % 12.50ab 134.56 + 13.88¢ 121.22 + 8.36ab 138.13+9.18a 97.31+9.77ab
2019 WH 95 NO  124.76 = 10.81d 104.86 = 8.66e 90.68 = 7.44d 86.81 + 7.30e 62.17 £9.29%
N60  134.29 = 11.24bed 121.48 + 8.04d 100.21 + 6.38¢cd 93.75 £ 6.87d 70.73 = 8.98d
NI20  170.55 + 10.96a 150.62 + 12.42b 130.13 + 7.13b 131.22+9.68a 104.53 + 9.66b
NI80  149.67 = 15.33b 127.21 + 12.49¢d 112.24 + 5.86¢ 114.44 + 8.04b 84.61 + 10.20c
WE 112 N0 12593%7.6lcd 107.95 + 8.26de 101.39 + 7.33cd 93.64 +5.41d 72.20 +9.58d
N60  143.74 = 10.15hc 122.64 = 11.24d 109.29 + 8.64c 102.71 + 8.45¢ 82.38 £9.77c
NI20  185.95+9.07a 16327 + 8.41a 149.55 + 11.28a 129.76 = 8.84a 115.74+9.08a
NISO  172.84 % 10.47a 136.06 + 11.43¢c 130.22 + 15.66b 114.25 +9.93b 98.56 + 16.87h
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F4loR, MHEFNEKTETE, &K
2 b Rl CAT 36 7 52 sl gl 28, 7 120 kg/hm® 34 |
WEfE . FEJ5 20 d ARV EAEKF-[8] CAT 16 1 22 57 2%
A2, HABVE R B BL, 05 60 kg/hm® /K SF- 1]
120 5 180 keg/hm’ 7K - ] 22 5 KB /0 A 3%, (H
TR o A AL B A 22 S AR GR W 2K P 2 i A
[EJAH LG, 30 115 7525 HE R B BOR 45 it AU AL BRI
CAT IEPER & TEE 95, (HfE/L)S 10 d LSS

30 d, 2 hANTER]—ZUIE K E] CAT §f M 25 5 5eAR
ANRE., BEERR IR, 2 Bifh CAT IE 4 5 TR
FEE
2.1.4 MDA 58X ZUNE K- i

MDA 2 gt S E I E 2=z —, B
AARGR P REYE, KRR A1 2 A W D fie
O T YA R SR A BEIRAE T 2 R [ R T
H991) MDA 55 5% UK A i iy UL 3% 5

=S5 EFRHEIARESRMER MDA SE2XFRIEKF B0E 5 ( pmol/g)
R0 Hn A b )5 10d )5 20 d 1EJ5 30d 15 40d 15 50d
2018 HE 95 NO 1374+ 1.13a 16.26 = 1.43a 20.37 £ 1.97a 2537 £2.36a 34.59 £2.99
N60 11.34+2.03b 13.18 = 1.31b 18.29 + 1.80ab 22.62 +2.35ab 29.21 +2.32be
N120 7.79 = 0.99cde 8.67 +1.17e 12.15 = 1.56de 16.21 = 1.56de 22.74 +2.25de
N180 9.33 = 1.07bed 10.72 + 1.13d 15.36 = 1.55¢ 18.34 = 1.90cd 26.68 + 2.04cd
WE 115 NO 9.91 + 1.39he 1243 +121c 15.69 = 1.17he 21.36 = 1.94be 32.33 = 3.36ab
N60 8.40 + 0.83cde 10.46 + 1.19d 13.77  1.36¢d 18.03 + 1.78cd 26.24 £ 2.63cd
N120 6.23 +0.85de 7.71 £0.78f 9.72 £ 0.87¢ 13.20 £ 0.98e 20.15 + 1.66e
N180 7.12£1.07e 8.98 + 1.05¢ 11.77 £ 1.31de 15.66 + 1.08de 23.76 £ 2.26de
2019 HE9H NO 13.63 = 1.03a 16.43 = 1.35a 19.60 = 1.69a 22,51 +1.95a 32.98 £3.03a
N60 12.18 + 1.20ab 15.72 = 1.50ab 17.86 = 1.66ab 20.74 £ 1.74ab 29.42 + 1.92ab
N120 10.73 + 0.75bc 11.56 = 1.38cd 13.57 + 1.22¢d 16.65 = 1.85¢d 23.48 +2.25¢
N180 11.68 + 1.25ab 13.45 + 1.32bc 15.72 + 1.47he 18.89 = 2.15hc 26.44 + 2.23be
WE 115 NO 10.66 = 0.95hc 12.84 + 1.31cd 15.56 = 1.48bc 18.56 = 1.94bc 30.50 = 2.79ab
N60 9.03 + 1.46¢d 11.20 = 1.52cd 13.42 + 1.52cd 17.59 = 2.01bed 27.17 £ 2.37be
N120 7.53 +0.68d 8.52 +0.85¢ 10.49 = 0.89% 1431+ 1.21d 22,62+ 1.73¢
N180 8.17 £ 1.31d 10.38 = 1.07de 12.37 = 1.06de 15.56 = 1.3cd 24.37 +2.19¢

F 5 B8, 7E0 ~ 120 ke/hm’ Jii BUK -5 AN
B it A N, A SRR 2 SRR MDA 5 i
ANWIREAR, KT, MDA & & g A
FE, ULBHIE & A R 0] DLRE IR E R T i MDA &
B, BFAZAKFEML, 05 60 kghm®, 60 5 120
kg/hm®, 120 55 180 kg/hm® [8] 22 53 A6 4 A I 3,
IR S A AL B R H 4 25 7 . 2 A ] [
B, EF—AZKFETHEE 115 MDA F&B¥KT
WE 95, HESRI/MARNREAK, Uil
115 B RR AN I SRR i S A KPR TEEE 9 %5, A
FITFHER M H 3%

Bifi 45 W E AR, 45 AL HE MDA & BT
G, UL G, B ORI R TS PR AR,
F 2 B RS BT o A AR KON B FE e, i B
.
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2.2 A[R] SRR E T UK S A i R

AN T) it o JRRCVEE SR B R 2 X RN 7K T £
MWL 6,

6 MR, 2 MRS TR R B R A
KOV RN LR, #F 120 ke/hm” ZKP-HPFFRL B
i, FHANACEI 25 RS IR B 2K, 2 fhh
[AHLE, JEE 11 S ES R B4 it 2 3 AT
BEYETEE 95, ZRKHMAREEKT
2.3 AS[E] S A A X R e

ANTR] it o L JRRVEE S S0 TR 23 7% X UM KT 1
M o7 L% 7.

T HIR, 2 ATy R E A
JE K ST 1 TR, AE 120 kg/hm® 7K -1 5 5] 04
B, #3120 kg/hm® KSR, H P& RUKF
BRIV A 255 B 9 Sl B e AR Bl 22
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F o ERHEARERMERE IR FABK T BN 5L (kg/hm®)
Ay i il )5 10d )5 20 d )5 30d 1EJ5 40d 1EJ5 50 d
2018 HE 95 NO 35.14 +3.01e 176.81 + 15.15¢ 349.82 + 21.75¢d 573.63 + 55.87d 694.83 + 62.83f
N60 41.40 +2.43cde 192.08 = 12.47abc 370.72 +28.77¢ 624.73 + 60.71cd 758.84 + 53.40e
N120 52.34 +3.00b 215.01 + 8.65a 432.55 +22.25h 797.31 + 69.56ab 916.61 = 80.41c
N180 49.04 + 8.69bc 183.44 = 10.00bc 320.72 + 15.16d 693.40 + 41.08bcd 799.71 + 65.62de
WE 115 NO 39.30 + 3.48de 177.38 + 16.25¢ 363.98 +22.22¢ 707.50 + 47.79bc 803.87 + 82.86d
N60 49.04 + 2.80bc 208.24 + 14.08ab 460.59 + 15.81ab 851.81 +53.63a 1029.05 + 89.22h
N120 67.44 + 4.59a 214.11+15.71a 493.62 +36.99a 846.44 + 82.04a 1110.66 = 89.47a
N180 45.80 + 2.46bed 188.81 + 13.59hc 370.22 + 36.86¢ 689.63 + 71.03bed 946.25 +71.95¢
2019 HE9H NO 31.37 £ 2.67e 165.81 £ 10.62¢ 335.82+21.03cde  546.73 = 45.88d 680.13 + 62.32d
N60 39.20 +2.98d 170.41 £ 11.05¢ 34472 +2430cde  603.73 = 47.56¢d 771.44 £ 75.20cd
N120 50.64 + 3.00bc 181.51 = 14.41hc 359.12 + 25.00cd 837.44 + 45.40a 984.32 + 81.35h
N180 40.10 +2.65d 162.24 = 7.39¢ 324.45 + 21.60de 729.54 + 54.14b 847.11 + 63.23¢
WE 115 NO 4354 +3.25d 166.27 + 10.16¢ 311.88 + 18.04e 651.20 + 44.64bc 831.31 + 66.39¢
N60 55.40 +3.76b 195.18 = 18.39ab 424.05 £19.16b 813.04 + 52.45a 984.08 + 80.21h
N120 64.24 + 4.45a 213.81 +19.29a 483.72 £ 43.84a 832.44 +71.38a 1143.86 = 115.51a
N180 49.07 + 3.46¢ 176.78 + 6.81bc 369.39 + 16.22¢ 675.43 + 68.89hc 965.75 + 120.41b
=7 EREEIARERMERE AR S EXT R LK T B R (%)
L0y A Qb B 1h5 10d 165 20d 165 30d 1Ef5 40d 1Ef5 50d
2018 HE9E NO 4.11 +0.46e 8.90 = 0.70c 32.48 +2.82a 37.65 +3.42¢ 43.67 + 4.34b
N60 4.91 % 0.38bed 10.55 + 1.15¢ 33.75+3.58a 3822 +3.15¢ 44.89 + 4.43h
N120 5.39 2 0.37abc 13.18 + 1.02a 34.85 +3.58a 4251 £3.51ab 51.95+5.84a
N180 4.53 +0.34de 12.45  1.07b 3344 £2.77a 41.07 = 3.64bc 50.17 = 4.18a
JHE 1155 NO 4.85 +0.39¢d 12.21+1.28b 33.37 +2.88a 42.60 + 5.47ab 50.25 +4.01a
N60 5.02  0.50bed 13.38 + 1.05ab 34.67 + 3.69a 43.60 + 6.02ab 53.86 + 6.20a
N120 6.10+ 0.30a 14.66 + 1.15a 35.79 +3.47a 45.04 +5.81a 5374 +521a
N180 5.63 +0.21ab 1343+ 1.07a 34.35 +2.67a 4351 5.94ab 51.47 +4.18a
2019  EE IS NO 432 +0.16d 8.45 +0.08d 3348 +291a 37.14 +3.25¢ 43.11 £ 4.19b
N60 4.84 + 0.55hed 10.12 + 1.54d 34.79 + 3.70a 38.69 +3.90¢ 44,57 + 4.01b
N120 5.44 + 0.28he 14.54 + 1.05ab 35.92 +3.69a 43.37 £3.58ab 53.55+5.03a
N180 477 £021cd 12.31 £ 2.30be 34.47 +2.86a 41.90 = 3.72b 51.90 + 4.04a
JHE 115 NO 5.12 £ 0.43hc 11.95+ 1.01c 34.05 £2.94a 42.79 + 3.34ab 51.07 +4.41a
N60 5.41 +0.73be 13.66 + 1.03abc 3538 +3.76a 4377 £3.76ab 53.07 + 5.64a
N120 6.62 +0.46a 15.04 + 1.51a 36.52 +3.54a 4523 +3.52a 54.78 +5.32a
N180 5.55+0.19b 14.16 + 1.18abc 35.05 +2.73a 43.69 + 3.80ab 52.57 +4.09%
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SEARGE, WA 2EFIREAN B, (HK
AP 5 g AL B ) 2 S5 R ik 31 i 2B K-,
B 11 S eV AT o B 0 U AT S 22 5
L5 B 9 SARML, RIS A ) U KT [
ZRANRE, HWE 115060 BRI & it A b
P04 S Y T 95, 7EMESRETIER 120
ke/hm® ZKF-LAA, 2 dh ) 25 55 R 433k i 35 7K.
EVESR R, 2 SR EIRAUKCOE R At 25 =
=, BAKTFRZESADE.
2.4 BRRPUA LRGP S = A o S A S
2 > S FPAS ) E 2R B Bt e b AR B M S R
K A C R B 8, 45 /R — ]34 2 IE A
KK R, JF10d 2 MFFFRLE S5 SOD. POD FiI
CAT 16 P A GO R 138 B 25 o B 35K 5 fE)e

20 d i B 9 5 kK #E 5 SOD., POD Fil CAT i P 1)
R KR AR B E KT, HE 1150558 E MK
KAV AEJ5 30 d 3 EE 9 S AP AL EE 55 SOD, POD Fl
CAT Wi MR AH I SE R AR X BEKF, WE 115
FFPRIEE S SOD . CAT 3l A R BIAIR i K,
5 POD JEHAH I R MR B E K 165 40 d B
9 SHFRIHE 5 SOD. POD HI CAT JF P Y AHE 56 21
AR E A, GEE 1SRG K HERR
39135 AR A3 18 1) 8 3 b 35 K

2 A THE I I BE MDA & & 50k E 1 2
MEKFZR, HE 95 MDA SHEAAEE 30 d4b, H
by By 35 55 6 L o A e A OCOC R,
115 MDA & S BRAEJG 40 d 4F, HABEHH 5
PR o 2 2 e i U R R

®8 TEERMBEMFARANEEESHNENEXRY

mi Ei=ta )5 10d )5 20d )5 30d k)5 40d 1£J5 50 d
W95 SOD 0.9159" 0.4887 0.3162 0.9851” 0.9465"
POD 0.9414" 0.6630 0.3962 0.9502" 0.9299"

CAT 0.8687 0.4468 0.3614 0.9738" 0.9670"

MDA -0.9275" -0.7636" —0.4858 -0.9024" -0.9407"

HE 115 SOD 0.8025" 0.6837" 0.6312 0.2682 0.7443"
POD 0.7774" 0.7580° 0.7872 0.5746 0.8942"

CAT 0.7527 0.7642° 0.6385 0.3427 0.8466"

MDA -0.7077 -0.7841" -0.7133" -0.3737 -0.8784"

TE: * FIR P<0.05, ** F£iR P<0.01. F[dE,

2 A AN R HE SR o B b A B T R
ROl S E A OC R B IR 9, S5 RBI/R ZHH
BIRIEAH R, AT SOD. POD Hl CAT I
PR 2 SRR RLIH 3 B R A G R I A A B
K5 AEJE 30 d B 11 S FPRLIR AT % i 5 SOD
POD &M 2 B IEMSC, 5 CAT RIEA K HARIR
W EIKF, W E 9 SR A A5 POD i %
HREIEAR, 5 S0D, CAT S IFAHG(HAIL BE

IV VESR I 2 SR SR LB M S kR0 o
A SE R BB /1A 5 i 2 nlop K o

2 il b A% HE I [ B MDA 5B S5l R 5
AKX FR, WE 95 MDA & HRAE)G 10 d 4,
LA A4 55 R A 9 A P o 0 o S 3 TR G
KeFo WHE 115 MDA 7840 1 SkERm o> &
T O R AR

R9 AREEMBEMAFMENEEESHFALIRSSENHEXRE

i Szt )5 10d )5 20d )5 30d 1EJ5 40d 16J5 50 d
HE 95 SOD 0.8670" 0.9650" 0.6726 0.9786" 0.9912"
POD 0.8431" 0.8621" 0.7716" 0.9212" 0.9082"
CAT 0.9141" 0.9746" 0.4106 0.9595" 0.9103"
MDA -0.6996 -0.8497" -0.7376 -0.9252" -0.9157"

HE 115 SOD 0.9491” 0.9448™ 0.7807" 0.8236" 0.5658

POD 0.8484" 0.9214” 0.8166" 0.8637" 0.8073"

CAT 0.8646" 0.9414” 0.5011 0.7160" 0.6903

MDA -0.7216" -0.8757" -0.8244" -0.8756" -0.7320°
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3 it

A AR T S e R R TR I SRR R R S R
iHRE, A A E B R R R,
SOD. POD “F{RIPEEAEAL YR N B RIME R, BEAEIS
Brad i TP, AERRE PR R IR, AR
ZEMy, MIMIEZEFEE 70, RE MY M E
B NSy, AEAKE B & E R PR R G
ARG Bt FE RS2 R, HAmAL
RA AR, SR —JRER R T
DI S EYD BRI G 1, D) — ST it T
RERSHE R E Y IR TS 2, PR s, A
WEFE B, Bt ZIE R 35 32 &9l =2 SOD. POD .,
CAT W& 20 46 /E SOD F1 CAT i7% 1 ¥4 I it 280 =%
IBEINII n, I L R 1S Pk S bR e S igom, Al
PhpE e P B ARG R, M4
It Fff SOD. CAT 5 POD Jf taam '), %ok B
SOD. POD. CAT {fMEH T ), WA Xk
PP AL B TGP, WG o Ak B, A
F T o R AL R Ge e T O A kg
T, SRR R A R N R AR
YRR LRI BRI ARG I A . AR R
AL HEFORIE A it UK 1 AE 1k
XK F SOD. POD. CAT R4 VEB IS TEA A
AR L 52, RICAMRAEE . & B Il e T
R AR R A e R Y AR A R R, S
A R AT DA 8 B RR i SOD . POD. CAT i
PE, B EDFFRL ™ R A i, A D
Pk, EURPRL™ 5 R o B AR R R A 2 25—
PR FEXT BT BERR I = S Ak, b IX A
Wik, WEENEEE, XM R EE, EK
FEEREFEIR TR, 0 R AR R, R PEAT
TV JFEFE B RROL I 7 P BB AR, £ 0 ~ 120
kg/hm® it BRI, Bl R it FH 2 A 34
B PR =220k H SOD. POD. CAT I £ 3 i1, MDA
TR, WS RMAZERAKEE R T
BRI SOD 4 44 0, PR Ak oy H,0, AT O,
R RE 1, [E L34 5% T POD A CAT %5 % H,0,
A, 3 FhEGER IR A HEAERT, AR — 52 B m B A
REESc, WD T A AR 2, MDA &%
K, MELE T ERR EZEM A, FORE R A
WA & s B R, Y RIS i 120 ke/
hm’, %% 180 kg/hm” if, SOD. POD., CAT i%#%: T

W, PRIV IR, WEBR O, A H,0, FIRE S TR,
MDA Fr it BFF, fEE TirF A3, 7= a5 b
Z FF.

[] —FE AN ] b R4 G 1 X R 3B R K
(AR B AN, e R BOE R TS 5K
B4R B BRI, AR ZOLA R R R
G R AR RS AR R A B ES, JOt
A EROH A E R UK SOD, POD., CAT 2544
B PRk B A, MDA & ik 2 A% ma0ES
AR 20 5 ol 0 75 725 0K ST B P B P e 7, MDA
GEBRE, SHS U R, ME R KK
T, R ASOK R il e A A T O M v T LR AR
B, PR TR R, A Y R, A
T RUNB BRI SOD, POD ., CAT iG R4 H
HIR I AE ] —HE R T o T RSO T R
e, 1M MDA B i i R T AR R B/ R Az
A= i TR Rl . AR A R EUKSE T
S E KRN SOD. POD. CAT & PR i T8
B RR T ARFSE R, AR R KR
T, A HER B B B 115 0 AR S i
B9, MDA Gz, HEARAEKKFET, Kb
ERERR, BE 115/ SOD, POD, CAT &1y
FPLH 5 T B 9 S A EaH: SOD. POD 1 R K
(B BRI (AT 0G,  4E4F m WE Y B []4S . MDA & 5
IRz, RBGEE 1S5 TEE o Sk, Ui
5 S AT BERR A SC R A L, R AT BE R 2 28 b 250
AR T X RO A A L o SR R, 3 R A
A HAE A S W RE A R m R T M, 4R
1o T LS A0 B v 0 e AR A S T B 2 R T R
J1, TR T 16 0 = A iR A, g
T BN R, W T M R R,
T APR ™ 8, B TR & i

YE Wy {5 7 il SOD. POD. CAT I 4 7 %} #h |-
BB A A A R O BT A s e, (R AR TR
INGAEE A R R OC R YL, PR, R
7 SOD JEPEAEHT 15 Mo 3 A Y B 3 O
FHIE I R 5 POD I M 76 1 BB 5 1 3 A= i i
Wl A IEIE 2R 5 CAT WIFESTBEN] . k55 I A
FEIT 5 4 b A i N A S IR A GG R
MDA % & 5 40 30 M b3 A 9 e 2 B 3 R O ok
RO FokZER . RIS 3 N EE R
Bt SOD. POD 1l CAT 7§ PE#R 40 ] 5 7= e S A (o 3%
TEAHSE R ZR Y A ol b e v . T A
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B, R SOD. CAT &M SHHE . vl At
A A BT A OCOE R, KA i A A DG
AN, FUIRGRE R A 8 bR L G T
PeJE T S A8 S B g R BN 0 RS
J 5 B R S I 2 B B A DGR RE A B Y
ANFEMAR AL, RS R SOD iE PR SR R IE
PRI, MM POD 1 M AE 45 S i 1 2 6 A G 5¢
R, TSR RA M SR R EA R T, K
R R B R, RNEFEROB, 245 F 2250t
R PURALEEIE P SR E R R IEA KRR, 5
MDA & R AR, RSP, SRS
SOD. POD. CAT i1 MDA & & EAJG 10d 5
FEREEE () AH DGO FR IR I 25 b i KK, f6)E 20 d
SRS T R EE A OGO R AR TR BT
B 11 55 AL BRI PR MDA & 5 R A 56 56
RIEACE 10 F1 20 d Y93k 27K, R BTEFT BK
ZAE R 2L Pk R G R PRI e T AEHESR T
HIZLAR T R AT BERR A4 28 PP, X ] B2 L ™ o
BRI Z—; BEIEHETI SOD. POD il CAT i
P52 SRR A A AR B KT, e
30 d B 11 S APk & /5 SOD. POD it &2
W IEM I, 5 CAT 2 1IFE A K H KK B KF,
9 S AR AT B RS POD 15 14 5 i 2 1E A0
X, 5 SOD. CAT ZIFAHCHAIR WZEKN-. L5
30 d JEFPRLIHA A B s ], IR BRR AR
ZF SOD ., POD it 57 & it it 2 IR ARG, 1
B 35 T DA i R FE DR RIVE T, i B 0, Fi
H,0,, fEHEMAIE . T =T B R A4 3SR e BL I 1)
Mo =S POD W ME R B E IEMDE, Ui SOD
F1 CAT REFMVEFAR, U5 POD ARNEEIE B MM |
A, EEERPURIL RS, XA R AT R A SE
Fofr 2 e 7 A 2 K TR AT BB RR A% 58 b Ay A B[R]
Z—s

T it FH IR T AR T 9 S M 11
F2EM R PrA BRI TE, PR MDA &, (HiEE
115 i TG 2 Xt RN g A B oy B RRUR , LA
R P TS AT L 4 AR A T R 2 D AP R
71, e Rk AN A T 9 Sk
HHFA . 120 ke/hm” FACFHEEE B 11 -S4 PG00
SR EASAR 0 i 7 1) de AR AE K-
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Responses of antioxidant enzyme activities, yield, and oil content to nitrogen fertilizer in dwarf castor hybrids in
the Xiliaohe Plain

XU Shou-jun" > > *, WANG Lei', DE Mu-gi-ge', WANG Jin-bo', QI Hai-xiang', ZHU Guo-li" > > * * (1. College of
Agronomy, Inner Mongolia Minzu University, Tongliao Inner Mongolia 028043; 2. Inner Mongolia Industrial Engineering
Research Center of Universities for Castor, Tongliao Inner Mongolia 028043; 3. Inner Mongolia Key Laboratory of Castor
Breeding, Tongliao Inner Mongolia 028043; 4. Inner Mongolia Collaborate Innovation Cultivate Center for Castor,
Tongliao Inner Mongolia 028043 ; 5. Tongliao Academy of Agricultural Sciences, Inner Mongolia, Tongliao Inner Mongolia
028015)

Abstract: The response of leaf antioxidant enzyme activity, yield and oil content to nitrogen fertilizer level during grain
filling was investigated by using field experiment with randomized block design, taking dwarf castor hybrid Tonghi 11 as
test material and high-stalk hybrid Tongbi 9 as control under 4 nitrogen fertilizer treatments of N 0, 60, 120, 180 kg/hm’.
The results showed that the activities of superoxide dismutase ( SOD ), peroxidase ( POD ) and catalase ( CAT) increased
continuously and the content of malondialdehyde ( MDA ) decreased continuously with the increase of nitrogen application
level in the range of 0 ~ 120 kg/hm’. When nitrogen application level increased to 180 kg/hm®, SOD, POD, CAT activities
decreased, while MDA content slightly increased. The activities of SOD, POD and CAT of Tongbi 11 were higher than those

of Tongbi 9 at various nitrogen fertilizer levels and filling stage, and the MDA content was lower than that of Tongbi 9. Under
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low nitrogen level treatment, most of the differences between the two varieties were not significant, while under high nitrogen
level treatment, most of the differences were significant. With the grouting progress, SOD and POD activities showed a single
peak curve, but the peak value of Tongbi 11 was delayed compared with Tongbi 9. CAT activity decreased and MDA content
increased. Grain yield, oil content and antioxidant enzyme activity of each treatment showed the same trend. Correlation
analysis results showed that grain yield and oil content were positively correlated with SOD, POD and CAT activities, and
negatively correlated with MDA content. In the early stage of filling, the correlation between SOD, POD and CAT activities
of Tongbi 9 and grain weight reached significant or extremely significant level at 10 d after anthesis, while Tongbi 11 reached
a significant level. The correlation between SOD, POD and CAT activities of Tongbi 9 and grain weight did not reach a
significant level at 20 d after anthesis, but those of Tonghi 11 reached a significant level. In the middle stage of filling, the
SOD and POD activities of Tongbi 11 were significantly positively correlated with oil content, while the oil content of Tonghi 9
was only significantly positively correlated with POD activity, and the correlation with SOD and CAT was not significant. The
results showed that proper application of nitrogen fertilizer could improve antioxidant enzyme activity and reduce MDA content
in castor main stem leaves. The protective enzyme activity of Tongbi 11 has a more positive physiological response to nitrogen
fertilizer and has a stronger ability to improve the balance between production and removal of active oxygen in cells, which is
the physiological reason why its grain yield and oil content are higher than those of Tongbi 9. The application rate of 120 kg/
hm’ nitrogen fertilizer is the best fertilization level for Tongbi 11 to obtain high quality and high yield in Xiliaohe plain.

Key words: castor; antioxidant enzymes; nitrogen; correlation
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