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Response differences in growth and yield formation of direct-sown and
transplanted winter oilseed rape to N, P and K fertilization

WANG Yin'"?, WANG Yang', LU Jian-wei' " , LI Xiao-kun' , REN Tao' , CONG Ri-huan'
[ 1 College of Resources and Environment, Huazhong Agricultural University, Key Laboratory of Arable Land Conservation
(Middle and Lower Reaches of Yangtze River) , Ministry of Agriculture, Wuhan 430070, China; 2 College of Resources and
Environmental Sciences, Jilin Agricultural University, Changchun 130118, China ]

Abstract: [ Objectives] Direct-sowing (DOR) and transplanting (TOR) are the two dominated planting methods

of winter oilseed rape ( Brassica napus L. ) in the Yangtze River Basin, China. The establishment processes and
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planting density are contrasting between the two types of oilseed rape, which might lead to their differences in the
individual morphology, growth process, and yield formation, as well as the fertilization responses. In this study, a
field experiment was conducted to evaluate effects of fertilizers’ application and establishment methods on growth
and yield formation of winter oilseed rape, and to compare characters and differences of the establishment methods.
[ Methods] The field experiment included four treatments: balanced NPK fertilizers (NPK), no N (=N), no P
(=P) and no K (-K). The plant height, rootstock diameter and leaf number of oilseed rapes at different growth
stages were investigated. When low temperature and drought occurred at the over-wintering stage, physiological and
biochemical properties were measured by sampling the top four leaves, including the activities of nitrate reductase
(NR), peroxidase (POD) and catalase ( CAT) , and the concentrations of soluble protein, soluble sugar, proline
and malondialdehyde (MDA). The incidences of sclerotinia were investigated at the pod-development stage. The
seed yield was weighed at maturity and the yield components were investigated. [ Results] Compared with tran
splanting, the individual plant height of direct-sowing oilseed rape is higher at the early stages and obviously
decreased after the bolting stage, and the rootstock diameter and leaf number are significantly lower throughout the
growing seasons. The physiological and biochemical index levels of DOR are lower than that of TOR, while the
MDA concentration is significantly higher. At the pod-development stage, the incidence of sclerotinia is 21. 8% for
DOR, which is significantly higher than that of TOR (8.5% ). The yield components of DOR and TOR at maturity
are different. Compared with TOR, the DOR planting density is significantly higher, but its individual plant
produces significantly fewer branches, pods/plant, and seeds/pod. Furthermore, the proportion of pod number on
main racemes of DOR is higher than that of TOR. The seed yields in the NPK treatment are equal between DOR
and TOR, which are 2019 and 2081 kg/ha. However, under the nutrient deficiency condition, DOR shows
significantly low seed yields compared with TOR. The growth and yield formation are limited by the deficiency of
any kind of nutrients, and the N deficiency shows the most comprehensive and strongest negative effects, and
followed by P deficiency, while the negative effect is relatively lower for K deficiency. Contrary to TOR
performance, DOR planting density is reduced in the nutrient deficiency treatments. The density reductions are
53.6% and 18. 7% in the —N and —P treatments, respectively. The limited individual growth and reduced population
density together result in the higher yield decreases for direct sowing oilseed rape under the nutrient deficiency
condition. [ Conclusion] The growth and yield formation of winter oilseed rape are more sensitive to nutrient
deficiency when they are established by direct-sowing, due to the weaker individual growth at the initial stage under
the current cultivation pattern. Compared with transplanting, nutrient management for direct sowing oilseed rape
should pay more attention on the balanced N, P and K fertilizers application to enhance individual growth and obtain
stable population density for high seed yield at maturity. The direct sowing oilseed rape nutrient management strategy
should be further explored, especially for fertilization regulating practices to environmental stress.
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Table 1 Effects of N, P and K fertilization on physiological and biochemical properties of direct-sown and

transplanted winter oilseed rape at the over-wintering stage

Eive N IV R R a7 R v AN e

e T T T PR A AR i 2d [t s
T NR activity POD activity CAT activity  Soluble protein  Soluble sugar Proline MDA
reatment
[ne/(g-h), [U/(g-min), [U/(g-min), (mgg, FW) (%) (mg/g, FW)  (umol/g, FW)
FW] FW] FW]

H#E Direct-sowing
NPK  18.6+2.5a° 567+47a* 7.5+0.4a" 10.2+1.3a™ 0.99+0.04 a™ 1.30+0.08 a* 6.5+0.6d"™
-N 3.3£0.3¢** 108+19¢”* 1.0%0.1c¢"* 1.520.3¢"70.29+0.06¢” 0.11£0.07 ¢* 68.3%1.9a""
-p 13.5+2.5b% 261+57b" 2.8+0.8b" 6.8+0.8b" 0.88=0.15ab™ 1.10+0.18 ab™ 16.7 4.2 ¢
-K  16.7+2.6ab" 308+39b"* 6.0£0.2a" 5.6+0.9b* 0.63+0.08 b 0.72+0.17 b* 24.7+4.8 b*
3% Transplanting
NPK 36.6+5.0 a 792 +52 a 7.0£0.6a 13.5x1.0a 0.90+0.17a 2.03x0.09a 5.3x1.4b
-N 8.8+0.5 ¢ 454 +102b  5.4%0.1a 7.4+0.9b 0.88+0.02a 0.47+0.06c 7.6+0.3 ab
-P 15.3%2.1b  511%27b 56+1.4a 10.8+2.0ab 0.87+0.08a 1.39x0.18b 9.4%1.5a
-K 33.9x1.3 a 648 £79 ab  5.2%0.4a 12.4x1.2a 0.86+0.05a 1.77+0.06ab 5.2+0.4b

75 253Kt ANOVA
E * % % % % % % % % % * % * %
F ® K EE ® ok # ok # ok * % ® %
ExF NS NS NS NS NS NS NS

T (Note) : [/ —Fiti =0T, FE)S RN FRE 3R B 22 53 B35 (P < 0.05) 5 [Fl—b3h P35 455 208 A R e
2B A9 22 5 B Under the same planting method, the averages in a row followed by different lowercases are significantly different at P < 0.05; In
the same treatment, the symbols after the averages indicate the significant differences between planting methods. *— P < 0.05; * %= —P < 0.01;

NS—ZR/R 22 % AN B3 No significance.
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FEARAE 103 Ty, BRI OO % 43k = TR UK

x2 GEBREXZMIETER RS E RN
Table 2 Effects of N, P and K fertilization on seed yields and yield components of individual winter oilseed rape plant
[ W " " TP AR . THE (g)
A Seed yield Plant B HBRARE Main raceme R 1000-seed
Treatment Branch No. Pod No. Seed No.
(kg/hm*) (No./m?) pod No. weight
ki Direct-sowing
NPK 2049 +73 a' 46.4+1.6a"" 6.1x0.4a"" 122.6+6.1a"" 58.3+2.8a"" 16.8+0.4a"" 2.74 +0.08 b™
-N 64+11d"° 21.6+4.1c¢* 0.0x0.0d"* 11.5+1.3d**11.5+1.3d"* 12.2+0.8¢c* 2.82+0.06 a™
-P 448 +48 ¢~ 37.8+1.8b** 3.1x0.1¢** 44.4+4.9¢""28.8+2.5¢"" 14.6+0.4b""* 2.52+0.07 ™
-K 1354 55 b" 42.9+1.7ab"* 4.6+0.1b"" 99.5+7.5b"*45.8+2.0b"* 14.3+0.5b** 2.81 £0.11 a™
##% Transplanting
NPK 2081 +30 a 11.3+0.02a 10.8+0.3a 385.8+6.0a 88.3x3.5a 22.8+0.4a 2.51+0.06 b
-N 616 +35 ¢ 11.2£0.03 a 5.6+0.4 ¢ 122.8+5.3d 52.0+2.3b 18.5+0.1¢ 2.68+0.02a
-P 716 £41 ¢ 11.3+£0.02 a 5.1£0.4¢ 152.5+£8.0c¢ 59.8+3.3b 21.3+0.2b 2.35+0.06 ¢
-K 1745+90 b 11.3+£0.02 a 8.6+0.1b 297.6x11.6b 82.9x1.6a 22.5+0.1ab 2.49+0.04 b
J5 25434 ANOVA
E % % %k * % % % %k %k NS
F * ok H ok EE * ok # ok * ok * ok
ExF % % % % s % % NS NS NS

TE(Note) : [/l —FE 7 3T, RIS RUAF/NG PR R AL BRI 2253 3 (P < 0.05) 5 [l —abBErp  SERIMER B4 5 KR PIRM R AL 7

X Z A A0 22 5 8 2P Under the same planting method, the averages in a row followed by different lowercases are significantly different at P < 0. 05; In

the same treatment, the symbols after the averages indicate the significant differences between planting methods.

NS—F /R 22 5% A 3% No significance.

*«— P <0.05; « *+ —P < 0.01;
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LR AR RAC TSR 7 A B R A7 A 2 2
FE(R2) o BRI M L R R, LR
AT £ 25,9 Br/m’, (HJR, B A4
A= iR R IR 36 S 22, JL R AR, A 2R AL
FFAREA LA B AN ST 32 23 51 /0 4.1, 170.2 Fi
6.8 Ao PR 2 [E] A 3 19 T JE A R B
WERER . HARMR AN 27 A RO 0
5l 36. 1 AN 70.7 A, FE 5 AR R o bR B AR RN L
TISF-351 43 51 A 64. 6% 1 33. 1% o S H A%
(9 3 AR (B 3 A 2R X e 1 iR
AR

il MEL S 3 R M AR A T R M AN 3R . ELHR
VRS A A B A IS PN 2% 7 5t S Ak B
Bl—2, ¥ILL NPK AR B R o AH LSRR BT S it Bk
SR A AR B IR 2R AR ) i S, R TR T
RSN FTA TR s BRBEXT IR A SRR AR
RO Bn B TR0 T L2 A TR ok
BRAZ AR B/, R B R B A 2R 5
AR AR AN T 2, A0 2 T S B A 8
32 BN Y 35 RO . B AR A B A
=N Fl- P b B 2% AR, B NPK AR B3 5] T
53.6% M 18.7% o I WL, IRk = 25 T HIbR
I/ RS AR A el 53 3 [R] BB RR A Tl 5 Hh B i
PNIENG

3 g tsie

BTN, B AR B A S A= 7 W A A4
FAERAFIRA R EZER . BRMETTAT,
SRR 7 1 PR P HA B A A R A R 23 3t
IO, 1A% A K FH 2 ATl R 2 B T HAT R B A
PRR JEAS IR N E 3 i o B I 4 R 3R 53
HLA, IR R A R A e 3 BOH IR S B 2
MR BRI, AT 2 25 A T AL A
Sa AR /N (8 A4 AR 25 T fol AR BR A 1) R T R %
BRE T DR, A A T S R B AR i) A
K B RE RS  (E ARG B (2D o BRAI R
Jraoh, FRa it I 25 e Al SR A T 0045 5 T
FI, H PR 20 bk s AR ZEHLE A 2 2 S AR
o WFFERM, S B, BRI HERAS AL 2 R &
IHSOEA A B RGP RE, WA W) JBAE 7 T U
AR E ™, ABFIOh 49755 Z %) E % A
PR S A KB 7 A Il A T, T G SRR il ikt
Z L SR W

TULIR R A S A i 7 vp I A7 5 IR

T« Bt P A A o PR A SR T A s
A IE AR B A2 B, ™ I B 2 2 i AR PR AT
T ARG B AE AT B AT ) K A IR SEAIR
T AT S E R R 1A AR, AR T R R
Wi I | 2 4R T e A 4 A S PR T LA
YRR L ATV PR A R ) i, A R
ML L2 B0 0, N RS . BRI S
H TR MR A, AN RGN R F R 7 ik =
PR O 33 85 5 SSOREL PR A5 T A PHLAE A FE AR B T o B
WL TR AN Tl U L R U A2
BT HE A, AR AR N B E
FRRDUE BB A IR AR AR ARy 1 80 19 A B A= K
R RPBUR Kt s3I N Yo € 4 S R REaR € A
SRR A ST, TN 5 s AR XA

B AR RO R A 5 i — 2P R T R
LSRR LRI, MR A A2 T iR 2R TR A
AR AR ETURL AN - R R 22 BE L BN A .
SN HIIAR ARSI E A KR RSB
IR B ff 2R R RO R RS . AT A R AR
T, A R ) TS0 A R 3 Al A7 46 il i A Ay
PRUE 5 22 TR A A s, i B35 /ML AR I SE T2 38
REAR T B I AR S, e X S BU™ R 57
SRR Z N T RS R B R R, JE R B
FAFT R, B AR RBAR MM 19, &
B TR 4 S8 A 20 75 1y 128. 1 mg/kg, A
TERAF K, W e AT B S BOT AR
JEH AT REALRE LU R LA DT, B, Bl AR AE
KRG B, AMERRL S WRH
e ARPRT AR B, DAL T ke 20 BOHR 4R AR RN 25
FEU, 78 5 BRI S0 R RN BB A&l SR W B AR
FERIFR IO 2 B IR B R B e
SRR EOL IR A AR TR ICE W, AT EX
BHL, AT Je 91 4 & S e i i 5, AT X
I EOR KA - SR A K A VR R, A
FAEPERAE AT A R e SR 0 1 ik
Z HO R PR, R G B S e R
By, (AN AL S 2 2 B R SR AR B SR
BERA R, EI A K E A R, SO R B AR OR B
SO, N R A P BRI ZE . 38k, H ET—LERE5E
W B SR REAE S i i - 8 (3 UK P 1 E P R
i, I AN BE AR AR W 52 P al WA Y £ B A
FU Ty A A R A

AHIEFE P AEAF (03 2 S A e U R i )
WK A S, A R AR BT T A R, B
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2%

ZAMNSEAE R AR A PF N R R M A 22, 3l X%
PR | DRI 5 R o 2Rk % 5
KB W FRESR B SRR AR DU, 5 T
WA RS S KR . AROFSET, Bl A IS B
R A SRS g AR R s P 5 B A SR A A St
FRAF N R A A T D T, BRI T, H
RACTMSABE IR/ B B 25 TR AT
IR A MR, 5B RAMZR2E AV

LREA TR IE IR 0 i = X AR A S
AR R S50 THT ST 50 R A A i B 8 3, U ) 24 i
TN L NER S PR S Ukt O
1, IO FE A AR R e P R (8 T AR I, JEHOE R
MW, AR HLIX ) — RSB ST R, B RS AR
IRFRIDEETERE | P AT LSO NE AR 77 15 22
S, FCJ R WA Rl AR 7 2T K R A A K Ak A
TR AR A 22 S T BORE AR R DR kA TR
AT ARBRIE R ST AR A TS AL T TR
IR AES A 15745 8 e 4¢3 3¢ 7 A 22 S i DN, T2 B
TR B 75w A A TR R
AR BLEEE T F7 23 ik 2 S T A AR KT
AR T, SRS A R S AR B Al = 2™
IR R, S AMR I e R Y
AT AR i 32 B IR 0 B 2 B 2 R DR
FEE A7 1) T HE B i A 2R A A K ) T S B
I TRE 2. 1% ~ 10. 1% , T B AR A il S A bk
JETEA ISR F 26 A S ¥ E ] AR Al . IR ] )
SE , PR BE AR 32 3R 00 (I R B2 W) 2 LR &1l =R
R AR KR i A 35 AN [ B B SRR, A
7 1t P R S SR T AR A Tl S AR A A R
PEAT YA, FCIUI) DAy o si i 9 AR A I 2 g AR R
T, PRUIEFCA S A A R 0 A% S B 14 - 87 1 K 74
[ Ta

KA TE R BT, V-5 B L 2 A #E ATl S A=
Koo $ w6 A R J7 A = e A 2R B T
B0 RBRSE T U G R T B
IR AR A ROEE , w1 Rk AR A
PR BRAR T BRI A 3, st 1 M I 3R
I AR o T BRI RS AR A ISR R
I it Ak B ) K P T 15 T e B A
PR B A S A KT AR A ™ T AT

S % 3 Wk
(1] EDh. IR & Ry s i 5 e L] v =l it
VEWI2£4R, 2010, 32(2) ; 300 -302.

(2]

(3]

[4]

(5]

(6]

(7]

(8]

(9]

[10]

(1]

Wang H Z. Review and future development of rapeseed industry in
China[ J]. Chinese Journal of Oil Crop Science, 2010, 32(2) .
300 -302.
JREHE B, A, A TR ISR AR 7 DX Al A SRy R R R R 43T
[J]. b ERHEY =4, 2010, 32(1) : 147 -151.

Yin Y, Liao X, Yu B, et al. Regional distribution evolvement and
development tendency of Chinese rapeseed production [ J].
Chinese Journal of Oil Crop Science, 2010, 32(1) . 147 -151.
TRABT . & VL B 7 S it A bR 10 9 5 B T e I AR B Y
[D]. BB gl R =g 3, 2012.
Xu H L. Investigation on fertilization and effect of formulated
fertilization of winter rapeseed in Yangtze River basin [ D ].
Wuhan: MS Thesis of Huazhong Agricultural University, 2012.
X% AFEHERI RS T XS AE KR E R i) ].
TP 241, 2012, 24(2) : 29 -30.
Liu J. Effects of different sowing and transplanting patterns on
growth, development and yield of rape [ J]. Acta Agriculturae
Jiangxi, 2012, 24(2) . 29 -30.

B, KEEH, U, A BURKMRAXHNSR RIS 4R
TR 2R [T ], b R 22 iz, 2012, 34 (2): 157
-162.

Wang Q, Zhang C L, Li G M, et al. Influences of waterlogging
stress on roots morphology and physiology for rapeseed [ J].
Chinese Journal of Oil Crop Science, 2012, 34(2) . 157 -162.
WIEAE, SRIEZL, BRFB, 5. ARHEE G S €k
L], Al KR, 2012, 31(6) @ 661 667,

Xu Z H, Zhang X H, Chen X B, et al. Effect of different
cultivation measures on cold resistance of Brassica napus L. []J].
Journal of Huazhong Agricultural University, 2012, 31(6) : 661 —
667.

Zhang S J, Liao X, Zhang C L, et al. Influences of plant density
on the seed yield and oil content of winter oilseed rape ( Brassica
napus L. ) [ J]. Industrial Crops and Products, 2012, 40 27
-32.

UK, RE R, SN, . ERRIN SRR B AR A 2R
A=ty Em 1], #mfl A, 2012, (15): 22-25.
LiYS, YuC B, Hu X J, et al. Effects of planting density on
agronomic characters and yield of direct seeding rape[ J]. Hunan
Agricultural Sciences, 2012, (15) .22 -25.

SRIEAR, ARIRAE, TRRTC, . R RIS B R [T ].
LA AL, 2000, (4): 12-13.
Zhang P J, Zou Z Y, Shen X Y, et al. Study on plant density of
no-tillage direct-sown oilseed rape [ J ].
Sciences, 2000, (4): 12-13.

2, AR, AL, AF. ERE XM R

PR L] fERESE, 2009, 23(3) : 170 -171.

Zhou X A, FuZ Q, Shen J K, et al. Effects of plant density on

Zhejiang  Agricultural

seed yield and agronomy traits of oilseed rape [ J].
Research, 2009, 23(3) . 170-171.

TH, 2R, S0, % RS R K,
RIS e [T ] REYE 7R 5 SRR, 2013,
19(3) : 597 -607.

Crop



FH, A ELRR RS A AN S A A ™ 0 SO e LS ) o )7 22 S5 141

[12]

[13]

[14]

[15]

[16]

[17]

[19]

[20]

Wang Y, LiY Y, LuJ W, et al. Effects of cultivation pattern on

growth, seed yield, nutrient uptake and utilization of direct-

sowing oilseed ape ( Brassica napus L. ) [J]. Plant Nutrition and
Fertilizer Science, 2013, 19(3) . 597 -607.

h5E, W 2600, SR, 5. ARSI SRR 1T AR R R
FRFFERZI )], WAL AR ,2011,50(2) « 244 -247.
Ma N, Xiao S Y, Zhang M H, et al. Effects of cultivation
method on the growth and mechanical harvesting properties of
zhongshuang No. 11 ( Brassica napus L.) [ J]. Hubei
Agricultural Sciences, 2011, 50(2) ; 244 -247.

FE, BB, 2/, SF. B HOR A I 3 Y OIS i
REERMERL)]. hERR:, 2011, 44(21) : 4406 ~
4414.

Wang Y, LuJ W, Li X K et al. Study on nitrogen fertilizer effect
and optimum fertilizer rate for transplanting and direct-seeding
rapeseed[ J]. Scientia Agricultura Sinica, 2011, 44(21) . 4406
-4414.

EHE, B, ER, & AR E T A&
i R R A E R [T]. h EORE ) 2 4
2006, 28(2) : 151 -155.

Zuo Q S, Gu Q Q, Dong Z D,

et al. Effect of nitrogen

application on nitrogen translocation in roots, stems and leaves
and nitrogen accumulation in pods in rapeseed [ J ]. Chinese
Journal of Oil Crop Science, 2006, 28(2): 151 —155.

TEFR 7 [ IE, SR PEy5, 45, ZUBRR B PR 4 bt X vl 3
T FOE A B e R [T ] ROl R, 2009,48(5)
1096 -1100.

Wang R Q, Yang G Z, Shi X S, et al. Effects of the mixed
application of N, P, K, Mg, Zn on oil and protein yield of
rapeseed ( Brassica napus L. ) [J]. Hubei Agricultural Sciences,
2009, 48(5) : 1096 -1100.

GOVEL. WSRFEIGACEAR M. Jeat: 48 ik, 2010.
Lu J W. Scientific fertilization technology for oilseed rape[ M].
Beijing: God Shield Press, 2010.

Peng S B, Garcia F V, Gines H C, et al. Nitrogen use efficiency
of irrigated tropical rice established by broadcast wet-seeding and
transplanting[ J]. Nutrient Cycling in Agroecosystems, 1996 , 45
(2):123-134.

Singh Y, Singh V P, Singh G, et al. The implications of land
preparation, crop establishment method and weed management on

rice yield variation in the rice-wheat system in the indo-gangetic

plains[]]. Field Crops Research, 2011, 121(1): 64 -74.
MW, ZEL, G W AR % R R Y

f‘i%ﬂuufﬂi‘ﬁ’]%ﬂﬁ[ﬂ. Y E SR 5 IE R =R, 2012, 18
(1) 146 -153.
Zeng Y, Lei Y L, Li J, et al. Effects of application amounts of

nitrogen, phosphorus, and potassium and planting density on

yield and quality of rapeseed[ J]. Plant Nutrition and Fertilizer
Science, 2012, 18(1) : 146 —153.

KIKR, @4biz. REREREZ2MICERET].
B SMRA, 2013, 19(2) ; 259 -273.

Zhu Z L, Jin J Y. Fertilizer use and foof security in China[ J].

i)

[21]

[22]

[23]

[24]

[25]

[26]

(28]

[29]

2013, 19(2): 259

Journal of Plant Nutrition and Fertilizer,
-273.

0, GO, 2N, A KT B R A S AU A
RENE ORI YEYISA4R, 2013, 39(8) : 1491 -1500.
Wang Y, Lu J W, L X K,

et al. Effects of nitrogen,

phosphorus, potassium, and boron fertilizers on winter oilseed
rape ( Brassica napus L. ) direct-sown in the Yangtze River basin
[J]. Acta Agronomica Sinica, 2013, 39(8) : 1491 -1500.
B H. AT (B =00 (M. dbst: s EfOl R
4, 2000.
Bao S D. Soil and agricultural chemistry analysis (3rd ed.)
[ M]. Beijing: China Agricultural Press, 2010.

A YA R FEEME AR () [M]. dt
U AR HRAL, 2006.
Wang X K. The experiment principle and technique on plant
physiology and biochemistry (2nd ed) [ M ]. Higher
Education Press, 2006.
AEAE I, BAARIR. BN T BORF UM 2% 32 7 35 B A0 1) 52 o)
[T]. StMgRl Bl 2005, 33(6) ; 43 -45.

Ren T B, Zhao ] X. Effects of amount of applied nitrogen on

Beijing:

sclerotinia sclerotiorim of yellow seed with double low hybird rape
(Brassica napus L. ) [J]. Guizhou Agricultural Sciences, 2005,
33(6): 43 -45.

JE, HERE, K. FNTER SRR EET]. A&
WISER, 2011, (7): 11-12.

Zhou Y, Tian C H, Zhang Q G. Intraspecific competition and the
differenced in individual sizes[ J]. Bulletin of Biology, 2011,
(7): 11-12.

Kappen L, Hammler A, Schultz G. Seasonal changes in the
photosynthetic capacity of winter rape plants under different
nitrogen regimes measured in the field[ J]. Journal of Agronomy
and Crop Science, 1998, 181, 179 -187.

RFPE, HSLog, KER, . RBEHE XS R LT B
MRSEEE R BEm [T]. dE e am e, 2008, 24 (12) :
232 -236.

Yu L P, Tian L R, Zhang C L, et al. Efects of low phosphorus
stress on photosynthesis of rapeseed leaves in different periods
[J]. Chinese Agricultural Science Bulletin, 2008, 24 (12):
232 -236.

Rk, X0, (R, 55 SCE phaa XA m ot & 1E
HRRMIE 70 Hr [ A]. 2014 4 b AR 22 202 RAFE 2218

CAE[CT. B, 2014,
LuZ F, Liu T, Ren T, et al. Limited factors analysis on

photosynthesis of winter oilseed rape leaves under K deficiency
stress[ A ].
[C]. Nanjing,

Symposium on Crop Science Society of China 2014
2014.

WeER, KA, BA, 5F. 2008 4 ICTLRIE ISR AGR R F
P (T]. R R, 2008, 30(1) : 122 -126.

Zhang X K, Zhang C L, Liao X, et al. Investigation on 2008’
low temperature and freeze injure on winter rape along Yangize

River[ J]. Chinese Journal of Oil Crop Science, 2008, 30(1) :
122 -126.



142

Y E RS R R

2%

[30]

[31]

[32]

[33]

[34]

[35]

SEAHPE, RFPE, X%, % TREE AT IOLE
NSO LT]. o[ P14, 2012, 34
(1):40-47.

Meng Z Q, Song F P, Liu Z X, et al. Effects of drought and
rewatering at seeding stage on photosynthesis and chloroghyll
fluorescence characteristics in rapeseed [ J]. Chinese Journal of
Oil Crop Science, 2012, 34(1) ; 40 -47.

HANLHE, BASCHE, ARG WSRAS TR SRR C R BT
(1. P EHEHEY =4, 2002, 24(2) : 38 -43.

Hu L 'Y, Shan W Y, Wang W J. Characteristics of seed set and
source-sink relation of Brassica napus[ J]. Chinese Journal of Oil
Crop Science, 2002, 24(2) . 38 —43.

X, 618, 20, . HEELMRTYRMAKA
BRERFR R BRI [T ], s EROE R, 2011, 44(23)
4823 -4832.

Liu X W, LuJ W, Li X K, et al. Dry matter accumulation and
N, P, K absorbtion and utilization in direct seeding winter
oilseed ( Brassica napus 1..) [J]. Scientia Agricultura Sinica,
2011, 44(23) . 4823 -4832.

BIHH, 22475, I UbERE D U pEE. 1L LA
BIrEMNEESERRARER[T]. TR X ARl
7%, 1993, 11(S1) : 62-67.

HuT T, Li S X. Studies on methods determing soil nitrogen-
supplying capacities. II. The relationships between mineralizable
or mineral N determined by different methods and plant uptake
nitrogen[ J |. Agricultural Research in the Arid Areas, 1993, 11
(S1): 62-67.

Wang W N, Lu ] W, Ren T, et al. Evaluating regional mean
optimal nitrogen rates in combination with indigenous nitrogen
supply for rice production [ J]. Field Crops Research, 2012,
137 37 -48.

BHUK, RE, BE, & I SRR R & A
[J]. P ERHCRHER 241, 2013, 35(3) : 290 -294.

Li Y S, Yu C B, Liao X, et al. Influence analysis of application

of NPK fertilizer on epidemics of rapeseed sclerotinia stem rot

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[J]. Chinese Journal of Oil Crop Science, 2013, 35(3) : 290 —
294.

Schnier H F, Dingkuhn M, De-Datta S K, et al. Nitrogen-15
balance in transplanted and direct-seeded flooded rice as affected
by different methods of urea application[ J]. Biology and Fertility
of Soils, 1990, 10(2) : 89 -96.

Dingkuhn M, De-Datta S K, Javellana C, et al. Effect of late-
season n fertilization on photosynthesis and yield of transplanted
and direct-seeded tropical flooded rice. 1. Growth dynamics[J].
Field Crops Research, 1992, 28(3); 223 -234.

Wang Y, Liu T, Li X, et al. Nutrient deficiency limits populat-
ion development, yield formation, and nutrient uptake of direct
sown winter oilseed rape [ J]. Journal of Integrative Agriculture,
2015, 14(4) : 670 -680.

Wang Y, Liu B, Ren T, et al. Establishment method affects
oilseed rape yield and the response to nitrogen fertilizer [ J ].
Agronomy Journal, 2014, 106 131 —142.

Mathe-Gaspar G, Radimszky L, Mathe P. Changes in growth
parameters and water content of young canola in response to N
fertilization on two sites[ J ]. Cereal Research Communications
2008, 36 1495 -1498.

MOCK, Ve, WEH, F. ABEAAEX PHILE R X
SR PR RV HRI W [T]. WAL i,
2009, 18(2): 122 -125.

Weir W H, Sun W C, Guo X J, et al. Effects of different
proportions of N, P, and K on overwintering rates, yield and
economical characters of winter rapaseed on northwest cold and
drought region [ J]. Acta Agriculturae Boreali-occidentalis
Sinica, 2009, 18(2) . 122 -125.

Liu HE, Hu C X, Sun X C, et al. Interactive effects of molyh-
denum and phosphorus fertilizers on dry matter accumulation,
seed yield and yield components in Brassica napus [ J]. Journal
of Food, Agriculture and Environment, 2012, 10(3-4) . 389 -
392.





