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Abstract: [ Objective | This study aims to select the genotype of high nitrogen use efficient in early winter
rapeseed and its simple selecting indexes, which is suitable for “rapeseed-rice-rice” triple cropping system.
[ Method ] 14 early winter rapeseed genotypes (the growth period is less than 185 days)suitable for “rapeseed—
rice—rice” triple cropping system were selected and treated with normal nitrogen (N,) and no nitrogen (N,) in
field conditions. According to the difference of nitrogen use efficiency (NUE) of different winter rapeseed
genotypes, 3 type of NUE genotypes, high, medium and low, were classified by tree cluster analysis.the yield
and its composition, main agronomic traits, dry matter accumulation and nitrogen uptake and usage of 3 NUE
types under different nitrogen levels were observed and analyzed by reverse tracing. Indexes for judging the
genotype of high NUE winter rapeseed genotype were summarized and analyzed.[ Result | There were significant
differences in yield formation and main agronomic traits of winter rapeseed genotypes with different NUE.The
phenotypic values and coefficient of variation of main agronomic traits of early winter rapeseed genotypes at
maturity stage were higher under N, treatment than those under N, treatment. Therefore, the agronomic traits of
different genotypes treated with N, were used as the criteria for the identification of different NUE genotypes.
Under N, treatment, the yield, siliqua number per plant, seed number per siliqua, plant height, main
inflorescence length, primary branch number, pod density, dry matter accumulation in different parts, nitrogen
content in grain, partial factor productivity of nitrogen fertilizer, agronomic efficiency of nitrogen fertilizer,
physiological utilization efficiency of nitrogen fertilizer and nitrogen harvest index of N efficient genotype were
higher than those of N medium and N inefficient genotypes. [ Conclusion ] Fengyou 737 is a high NUE early
winter rapeseed genotype suitable for triple cropping system of “rapeseed-rice—rice” in South China. Under
normal nitrogen application conditions, the number of siliquas per plant, the number of seeds per siliqua and
the high plant height were indexes to judge the high NUE genotype of early winter rapeseed.

Keywords: rapeseed-rice-rice; triple-cropping system; winter rapeseed; high nitrogen utilizing rate;

cluster tree ; selecting index
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1.1 KIS EAtM A

R T 2018 4F 10 H —2019 4F 4 A 7EVLVE 48 LB T BT £ AR (27°43'N  115°23'E) i#
170 ZIXJE T3 A B S, M3k B 54 m, E 3SR 17.5 °CL B K 8 260~300 d, 424 RF K &
1 604 mm, A3 4 h 55 VU 20 20K + & & A9 A0 U8 T, £ 8 b ol 4 4 o 58 S0 AT 0~20 em 13
pH 5.87, A HLF 14.38 g/kg, 2 A 1.48 mg/kg, 2 0.72 mg/kg, 447 16.3 me/kg, Bl it A 121.6 mg/kg, H 3%
% 13.4 mg/kg, HAHH 68.8 mg/kg.
1.2 KEH R

RIS AR TT, DAt AU A B A 32 DX, BRI R R I X, 28 T 14138 5 A A -l 7 — 24 (A F 8
TE 185 d AR ) By P AT S AR EE R Y, o5 S e B 8007 DL 1o it 280 b P A0 5 it 260 (N ) AN Jt 2L
(N2~ Ab B it AL BT N 150 kg/hm’ (4 H L2 A 30 52 1E # 7t 2 K F) (P,0, 60 kg/hm® [ K,0 72 kg/hm’
B 1.8 kg/hm?, 73 F AR (5 N 46% ) , i R ES (2 P,0,12%) , INE K= AL 80 (& K,0 60% ) FTiw> (&
B 129%)VE B . AR 2 Ui FH L F2 it 709% FUIE A4 3R IE BP0 BIAC . & RiEE 30% BB (JRE).
A P )R 9 2 . AN it R0 A B it RO, LAY AR 5 it R A B AE — B, AN ERIR 3N ER B
/NDX 3 mxd m, 2K DY FE RO O A 56 . U0 T 2018 4F 10 H 20 H EL#% , #& Fh iz 8 ke/hm®, 4l 1 3 13
AN G R 45 TT bR /hm® o LA AR B R [ 22 b s R B e

®1 HRERLHRERBRRS

Tab.1 Genotype and number of early winter rapeseed

Ui FLpH A A= FWId W AL
Number Genotype Days of growth period Breeding unit
\ FEYE 131 1802 rh E O B2 B R E Y 5
v, 737 180+2 WA ARFH B ER ST BT
v, #5105 177+1 VLV RBBEAE Y GE T
v, W 420 18042 WAl K2
v, 170013 177+2 RO = BEHRHE Y B 52 T
\ W 130 1801 R Al e
v, Iz 558 1742 VU2 WU B & 24N BRI 52 i
v, i 828 1772 LR 2= BE R E A 5 i
v, =A% 17243 WV T SR 21X Y b A
v, Bk 800 18242 VU8 AR B A AT 5T
v, F3h 730 1821 R A R B BEAE DT 5% it
v, An e 903 1832 WAL AN 7 AR R PR A
v, s 12 185+1 ZREZER A BHA BLA A
Vi, WA 499 184+2 MRl ke

1.3 WENBESFHE
13.1 ZZAFH

Z: B S 55 AP O 1A 25 S SR O A T I (R A s I BB AR WA 2
B R .
1.32 T4H%

FER A B SEAE b MRS ZRBE N 0 T3 45 3 T A IURE R A, B /NS SRR MEAE R S BE AT 2R
FC KPR 3T, 28 AR R ACFURE AR A%, 105 °CAR T 30 min J5 80 “CHEZE T, 451 & H A+ & .



55 4 3] BRI TRATE: IR — B R B T SR R R AR TR R R M E R AR T - 833 -

133 AR E

He 1.3 2 00T AT ARE S, 28 B 05 EREE T R H,S0,~H,0,HKG T A8 — 22 I I E AL i
134 7 ZAM

TG /N DX RO AR A 45 2R /N XIS R OR A2 URE 2 BB, 25 B8 bk a1 L 0 Ay JBE L — A AL
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(1) A& % F| H % (nitrogen use efficiency , NUE) , Jz BEAE 4 %5 Jita A - 458 v i) JE R 200 Inl e 505% , BRI
NUE=(U-U,)/F , Heth U Ay it FU5 AR D WS o b 30 i W R0 A, U, o Rt 80 VE SO 0 1l b S g it
AL, FARIE A A .

(2) BN A 7= J1 (partial factor productivity from applied N, PFPN, kg/kg N) , 5 3¢ A 1) 5 AE AL &
RELE ™ BV RPRL i, BV PEPN=Y/F , Y ATt 5805 P A e A=t AR /U

(3) AREA 22550 % (agronomic efficiency of applied N,AEN , kg/kg N) , 48 B it 28 1= P 88 I 68 VE W kR 7=
i, BV AEN=(Y=Y,)/F, Y Wi B BT aRAs Ve 7 i, Y W AT R R TRy 7 i, FARER I AU

(4) Z LA BRF] FHR (physiological efficiency of applied N, PEN , kg/kg N) , A/EY) #5555 W A Ao A
ALrb B BT R TG Bk R B B3 N i . PEN=(Y-Y,)/(U-U,)

(5) A Z W 3RFE L (nitrogen harvest index, NHI, kg/kg N) , J&F8AFRL 2L B 0w A AR R E LR
AR . B NHI=NA FPR/NA AR NARR AR R .
14 HIESWHE

HAR AL BRI SE 53 H1 R F Excel 2013 FIDPS 7.05 521
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() A — 2 ENE A R IR RV, 3 737 (NUE=45.13%, F H & B HNUE) . 55 i & IR H
R RIUFE .V, BHOE 131V, 8530 105V, 3130 420 .V, FR I 828 .V B #3800, V,, 231 730V, f FE T
903 .V il 12 F1 V1 2% 499 (NUE 7 24.62%~40.13% , *F-34 NUE 32.44% , F [ fii #x MNUE) . % =
AR B NE AN B A 45 2 v, 170013 .V 3K 130V, {85853 558 .V, = H # (NUE 1£ 13.5%~16.76% , F-
¥INUE15.36%, F 1 faifk LNUE) .
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Fig.1  Cluster tree of nitrogen use efficiency (NUE ) of early winter rapeseed with different genotypes
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Tab.2 Phenotypic differences of main agronomic traits in early winter rapeseed
with different genotypes under different nitrogen levels

N, N,
i&i’f&"’[ﬁ =) = AR EL ZZ K =1 = AR EL ZZ K
. RME BKE CFHE ERFERe ROME O BRKRE O CFRHE ERRBU%
Agronomic traits
Min Max Avg Cv Min Max Avg (0%
HFH 3/ Growth period 169 185 175.42 2.94 172 190 180.86 3.22
FF5i/cm Plant height 48.7 109.2 82.48 16.2 80.54 136.72  106.94 18.1
FEAF K /em
16.20 57.54 38.06 1543 432 79.4 60.2 17.88
Main inflorescence length
— R
2.45 2.86 2.57 2.42 2.77 3.05 2.86 2.79
Number of first branches
FARR AR
6.6 354 18.36 21.94 50.4 110.2 66.4 27.06
Number of siliquas per plant
BRKE /em
3.98 5.99 5.04 10.78 4.16 6.34 53 11.52
Length of siliqua
0.86 1.12 0.98 9.67 0.92 1.39 1.09 10.89
Siliqua density
FR AR
1.84 2.48 2.12 9.85 1.91 2.69 2.29 10.22
Grain density in siliqua
(SIERIA
5.23 7.88 6.37 19.84 8.01 17.42 12.25 21.52
Grains per siliqua
TR
3.27 4.76 3.7 11.25 3.42 4.98 3.86 12.78
1 000 grains weight
FpkEE
0.38 0.46 0.4 4.94 0.39 0.47 0.42 5.39
Stem weight per plant
BARRIETE
0.28 0.32 0.31 4.76 0.3 0.36 0.32 5.47
Pod weight per plant
L8RS s
\ 0.24 0.29 0.27 5.24 0.22 0.29 0.27 7.54
Grain weight per plant
WoaidR B
0.23 0.27 0.25 4.32 0.24 0.29 0.27 5.24

Harvest index

23 FAEEFEBBERLHEFTEREMRK

ANTR) PRI AR ) A S A 7 S A S B — 2 2257 (32 3) o AV BRDE 131 =it i, 0
1 932.2 kg/hm®, H #7254 10.44 kg/hm*; V, 85570 558 7= 5 eIk, M 611.5 kg/hm’, H 357 5 3.42 kg/hm’,
AR E BRI HIZR 2R v HNUE 28 AU PR A0 (%) B A7 SRAR ™ f P34 H P (109.2 /8K (1 622.6 kg/hm'
8.77 kg/hm’) ¥ 5. 35 1= T MNUE 2R AL R A (67.22 /0 (1 281.93 kg/hm® .6.86 kg/hm?) 35 /5 T LNUE 287l
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FE R 7Y (53.85 1~/1k .838.6 7 kg/hm® . 4.72 kg/hm®) o B A R4k i 2 2]/ K Uk i MNUE 28 UL [K8) HNUE
FAUFN LNUE 284 5 AN [ 0 82U TR BT i 25 S N 0 3 . e de i) R 5 7= o R H 27 i
[5G ZR, B R BN /INE O Spk A SR B AR TR E . A DG R BT 51 0.787.0.567.0.03 F10.817
0.53".0.01 (**3R/R7E 0.01 7KL B9 I 28 22 S Ko7, # 3R /R 78 0.05 7KK E Y i 35 25 7K ) .
®3 FARERBBERLHREEERAZETmEREMA
Tab.3 Yield and composition of early winter rapeseed with different genotypes

under normal nitrogen application conditions

BRRAREY (A7) BAREU (AT TRIBTR g e/ H ¥t/

e B A

Number of siliquas Grains per 1000 grains  (kg-hm™) (kg-hm™)
Type Genotype
per plant siliqua weight Yield Daily yield
A AL HNUE v, 109.2" 10.82 3.83™ 1622.60" 8.77"
A ECMNUE v, 89.6 16.40 3.42 1932.20 10.44
v, 62.4 11.46 3.53 954.95 5.25
v, 60.0 11.68 3.37 889.31 4.81
Vi 91.2 11.82 3.67 1591.69 8.71
Vi 67.2 10.31 4.47 1171.16 6.70
V., 69.2 17.01 3.51 1548.75 8.15
Vi, 47.2 15.65 343 921.44 4.73
Vi 55.6 14.03 4.97 1490.96 7.65
V. 62.6 9.19 4.63 1036.88 5.32
-5 Average 67.22" 13.06™ 3.89" 1281.93" 6.86"
AMRALLNUE v, 55.4 12.14 3.63 997.38 5.43
V, 56.4 11.13 4.00 929.92 5.03
v, 524 8.01 3.83 611.50 3.42
v, 51.2 11.84 3.77 815.88 5.00
F Average 53.85" 10.78" 3.81™ 838.67" 472"

PSR AE 0.01 F10.05 K ERYZES B ETE, ns FoRERARE

#% and * represent P<0.01 and P<0.05 , respectively,ns: not significant(P>0.05).
24 AEEFEBBALHERAPTFERZHERER

AN ) 35 PR A S i R BR Z MR 22 IR (R 4) o AR ENER 2R fkm BT K
— R R R R A T R IE R P 23 ) s T, ZR R K B/ MR HNUE \MNUE F1 LNUE, 11
R A AL PR A %% B D) R R 2]/ MY i MNUE \LNUE F1HNUE .
25 AREFBEERLZHXTYRREER

2% 5 AT A, AR R R BB SE M T R LR B AR R 2 5 . ARAENEFR R AR R
JIES 1) D 23k v 114) A% Y S 3 R Y i A 25T SR SE RURFRL G T R 2R S T B A Rk, ok
F/NIHIK A HNUE \MNUE 1 LNUE, H 22 55 ¥R 3] 7 8 35K 33 32 I IR 200 5 10 9 32 25 [
BT R REiilL,
26 AEEFEBBRALHRXAEZSERARER

1 2% 6 A1 1, AR IR A 2, HNUE 3 BB R H ) 20 7 it 8 35 5 T MINUE 2 I A8 i LNUE
FEHAL JE WA 22 R . LNUE JEPRI R ZE AT 0 & & & 2 35 5 T MINUE S R B AT HNUE 56 5 A
JEWiH 2R E . MNUE B F RS P A &S i i 25 T LNUE LR AU 4 25 55 T HNUE JE R A

FH 2 7 RIAT, SRUTE R 23Rk v 0 L A SR 3 R R B 25 AT R PR AL AR B Rk, i
KEN/MEI A HNUE \MNUE F LNUE, Y3k 5 37K, HNUE 56 PR F-hE b % (L 3 i 3 55 T MNUE
SEPR Y 5 25 5 T NUE SR A, LNUE 3 B AR () 25T b i 07 2 135 1R T MINUE 3 PR FT HNUE SE PR A
JEWiE 22 R AR . MNUE BRI AR A ZEFF b 9 &S i 0 & T LNUE SRR AU 3 25 5 T HNUE JE R A
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Tab.4 Main agronomic traits of early winter rapeseed with different genotypes
at maturity stage under normal nitrogen application conditions

. FATFKE lem  —HrBEY R, RNAPRLE A
; P /em o BRKE/em . i
R BLPH 7 Main SO ) (A>rem™)  FHEE/(Drem™)
Plant Length of
Type Genotype inflorescence Number of Siliqua Grain density in
height ) siliqua
length first branchs density siliqua
A E5 HNUE v, 136.06™ 78.90™ 2.98" 4.83" 1.38" 2.24
A H MNUE v, 130.14 72.10 2.88 6.15 1.24 2.67
v, 102.32 59.94 2.83 5.32 1.04 2.15
v, 96.86 57.40 2.85 5.38 1.05 2.17
V, 138.42 76.20 3.01 5.37 1.20 2.20
Vi 102.74 62.90 2.83 4.70 1.07 2.19
vV, 125.82 65.88 2.84 6.33 1.05 2.69
vV, 80.88 45.80 2.79 5.90 1.03 2.65
Vi, 106.30 57.66 2.88 5.73 0.96 2.45
V., 113.36 62.20 2.85 4.29 1.01 2.14
X Average  110.76™ 62.23" 2.86 5.46" 1.07° 2.37"
ZAARA LNUE V, 92.66 50.90 3.03 5.46 1.09 223
V, 103.76 60.76 2.77 5.24 0.93 2.12
v, 83.18 47.70 2.88 4.18 1.10 1.92
v, 84.70 44.40 2.77 5.37 1.15 221
P Average  96.95” 53.96”" 2.85 5.20" 1.04° 2.26'

w5 I FIRAE 0.01 F10.05 7K F 125 5 2k
** and * represent P<0.01 and P<0.05,respectively.
x5 AEEFAEEREHEEEERAFGTTYURRRESZ
Tab.5 Dry matter accumulation of early winter rapeseed with different genotypes

under normal nitrogen application conditions

el B A ZEFF/(kg-hm™) 58/ (kg-hm?)  FFhi/(kg-hm™) SR/ (kg hm™)
Type Genotype Stem Husk Grain Total
A A HNUE v, 3916.71" 2728.53" 1893.78" 8 539.02"
A PR MNUE v, 3544.38 2085.30 2296.98 7 926.66
v, 1775.34 135891 1284.57 4418.82
v, 1685.88 1305.99 1207.08 4198.95
Vv, 2712.15 2216.97 1919.61 6 848.73
Vi, 2266.74 1695.33 1389.78 5351.85
v, 2729.16 2 106.72 1923.39 6 759.27
V, 1951.11 1513.89 1195.74 4 660.74
A 2 469.60 2019.78 1881.81 6371.19
v, 2 056.32 1574.37 1260.63 4891.32
-2 Average 2354.52" 1764.14" 159551 5714.17"
AL LNUE v, 1389.78 1139.67 1032.57 3562.02
\ 1493.73 973.98 941.22 3408.93
v, 1295.28 900.27 778.68 2974.23
v, 1639.26 1135.26 958.23 3732.75
SF-14 Average 1454.51" 1037.30° 927.68™ 3419.48"

SEFITIZRRAE 0.01 F10.05 /K- LA 22 57 .35 M
** and * represent P<0.01 and P<0.05,respectively.
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*o6o ARAEFEALHXEEERAZGHETHESE
Tab.6 Nitrogen content of early winter rapeseed with different genotypes
under normal nitrogen application conditions

A& a/(g-kg™") Nitrogen content

Type Genotype =T e Uk
Stem Husk Grain
A= HNUE v, 3.72° 5.30" 41.66"
A H5E MNUE v, 4.07 8.82 35.59
v, 2.74 427 31.51
v, 2.81 4.25 32.86
Vv, 4.97 5.26 31.56
v, 4.55 478 42.53
v, 4.93 7.57 30.28
V, 433 7.79 32.12
v, 3.44 7.42 30.48
v, 3.80 6.98 35.14
-5 Average 3.96" 6.35" 33.56
AMEEL LNUE v, 451 6.52 33.16
v, 5.26 6.83 36.67
v, 4.69 5.79 31.19
v, 4.64 5.21 29.15
F-F4 Average 4.78" 6.09” 32.54°

w3 B FRAE 0.01 F10.05 K- 11 25 53 i 3k
#* and * represent P<0.01 and P<0.05, respectively.
x7 TEEFEBRREMEEEERAZGTHEARRERSE LA
Tab.7 Nitrogen accumulation and distribution ratio of early winter rapeseed with different genotypes

under normal nitrogen application conditions

Sy S AR E/(kg-hm™) Nitrogen accumulation A3 BE /% Distribution ratio
Type Gentype ZERT R LRA p=S EXEE E KPR
Stem Husk grain Total Stem Husk Grain

A=A HNUE v, 14.58" 14.45" 78.89” 107.92" 13.51° 13.39° 73.10"
A5 MNUE v, 14.43 18.39 81.75 114.57 12.59 16.05 71.35
v, 4.86 5.80 40.48 51.14 9.51 11.33 79.15
v, 474 5.55 39.67 49.96 9.49 11.10 79.41
V, 13.48 11.66 60.58 85.72 15.72 13.60 70.67
Vi 10.31 8.11 59.11 77.53 13.30 10.46 76.25
v, 13.44 15.94 58.24 87.62 15.34 18.19 66.47
v, 8.45 11.79 38.41 58.64 14.40 20.10 65.49
v, 8.50 14.98 57.36 80.84 10.52 18.53 70.95
v, 7.81 11.00 44.30 63.11 12.38 17.42 70.20

14 Average 9.56" 11.47 53.32" 74.35" 12.58" 15.20" 72.22"
AL LNUE \ 6.27 7.44 34.24 47.95 13.08 15.51 71.41
v, 7.86 6.65 34.51 49.03 16.03 13.57 70.40
v, 6.07 5.21 24.29 35.57 17.07 14.65 68.28
v, 7.60 5.91 27.93 41.44 18.34 14.27 67.40

14 Average 6.95" 6.30" 30.24” 43.50™ 16.13” 14.50° 69.37"

sk 40 B RIRAE 0.01 F10.05 7K b 125 5 i 54k

** and * represent P<0.01 and P<0.05,respectively.
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27 AREFBEBEAEZHXERFAER
H1 8 8 TR, ZRUIE AR S5t ey 114 LA TSR B DAY B I RUIE O 26 7 7 (PFPN) VRUIBAR #8503 (AEN) |
FACAE FEA I (PEN) L ESCAE B (NHD 0K, 21 38 HNUESMNUE>LNUE, 213k .2 K-
*8 FAREFBBERLWHREEEEAEZGHTARIA
Tab.8 Nitrogen utilization of early winter rapeseed with different genotypes

under normal nitrogen application conditions

FeHY PR A RICAwE T AR ARR AU A 3R A RIMBHEEL
Type Genotype PFPN AEN PEN NHI
A% HNUE v, 10.82" 6.05" 18.417 0.73°
A% MNUE Vv, 12.88 6.91 17.22 0.71
v, 6.37 4.43 16.54 0.79
v, 5.93 3.79 15.41 0.79
V, 10.56 6.32 20.78 0.71
Vi 8.27 5.20 14.05 0.76
v, 10.33 6.13 17.19 0.66
A 6.14 3.85 13.16 0.65
vV, 9.94 6.65 18.71 0.71
V., 6.91 4.80 14.74 0.70
F-F Average 8.59" 5.34" 16.42° 0.72°
AL LNUE Vv, 6.59 3.28 12.39 0.71
vV, 6.20 2.93 14.39 0.70
v, 4.08 1.87 13.84 0.68
v, 5.90 3.55 15.20 0.67
15 Average 5.69" 2917 13.96" 0.69

w1 IR RAE 0.01 F10.05 /K- [ A2 57 i 35k
** and * represent P<0.01 and P<0.05,respectively.

3 Wit54iR
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TSRS A () R R MR AR B 25 5% . UL DB A St T P e B R R AR B s 1
FA I R g A nTRE . ASBIFSE T I 737 (V) B IR 2 R FH R fe s, R TR Ak A,
FOF ¢ TR i 7o A ZRUBE 2 L) FH 6 [ ot LA T 7= TR S RO RE 7, (B T 0 P RO R R 1 2
A T -FE - = 2 N 1 R R P R LA S R . ARSI R R R 11 S R AL
AR T PR RE T, W R R R B R AV RURCGR R AR, R A R WO [ AR
FEIBIRE ST . XA Z BB PS5 AH A o Kessel™FSE T 36 4N [ 35 PR Y (445 232 b3 3L
TSR CE ISR T A ) X W ISR 35 A5 A8 57 DA R AN I AR Rt AT 25 44 T, 238 d A LA
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U] AT R e A5 R DR AR ) i e, — LA AE R o A N AE R KT T 1 2R3 MR o ) ey 7 5 R 7
Shy R R AR PRy AR 020l ol 2 R SN S0 {03 Hh SR B HEAT TS [ UK N AT O B , & A R T s
e 7Ap S 2 O Ry B G, LI 32 B8 5 SR Rk i RN — AN 800 el g R A A R DR R ) e B 2 2
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