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1
Tale 1 Basic agrochemical properties of soil used

N P K S B Zn
Organic Readily Readily Readily Available Available Available
Soil type Site pit matter available N available P available K S B Zn
(gkgh (mgkg ) (mgkg!)  (mghg™h)  (mgkg™)  (mgkg)  (mgkg ")
6. 9% 48. 14 178. 2 31.3 143 4 133 5 068 152
Purple soil  Beibei, Chongqing
02 9 0B 5 2, 36 ( 3,
,2 , 12 , 8 10
., NPKB ( 7.4m*(3.2m%x23m), 80
2
Table2 Levek and coding of factors
Factors
Coding Xi(N) X2(P0Os) X3(K20) X4(B)
+2 300 180 225 15
+ 1 225 135 168 8 1.2
0 150 90 1125 75
-1 75 45 56.2 38
-2 0 0 0 0
Interval 75 45 56.2 38
(N) N , (P POs , (K KO , (B) s ke hm™2 Notes: The amount of nitrogen fertilizer was calculat

ed on the basis of pure N, phosphate fertilizer of P,0s, potassium fertilizer of K>O, and boron fertilizer of boric acid, all in the unit of kg hm™ 2

3
Table3 Structural matiix of the orthogonal mtation experiment
Code
Treatment No N PO K20 B
1 -1 -1 -1 -1
2 1 -1 -1 -1
3 -1 1 -1 -1
4 1 1 -1 -1
5 -1 -1 1 -1
6 1 -1 1 -1
7 -1 1 1 -1
8 1 1 1 -1
9 -1 -1 -1 1
10 1 -1 -1 1
11 -1 1 -1 1
12 1 1 -1 1
13 -1 -1 1 1
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Code
Treatment No N P05 K,0 B
15 -1 1 1 1
16 1 1 1 1
17 -2 0 0 0
18 2 0 0 0
19 0 -2 0 0
20 0 2 0 0
21 0 0 -2 0
22 0 0 2 0
23 0 0 0 -2
24 0 0 0 2
25 0 0 0 0
26 0 0 0 0
27 0 0 0 0
28 0 0 0 0
29 0 0 0 0
30 0 0 0 0
31 0 0 0 0
32 0 0 0 0
33 0 0 0 0
34 0 0 0 0
35 0 0 0 0
36 0 0 0 0
. 5 (
7-4><5/8_=2 4.6m’), : V1= 2737+ 131.0° ° Xy+ 41.43X,— 1.442X; +
(kg m =)= * x1 009/2( 8.633X4— 98.24" " Xi- 80.96 © X5 - 18.60X; —
x4.6), (kg hm 7) = (kg hm™ ") x . on
(%) 42.28" Xi- 15 69X1X2 — 56.34XiX3+ 41. 59X, X4 +
[16]’ [16]7 21. 91XoX3— 34. 86X X4+ 48. 86X3X4
) o= 39.21- 1.062° " X;- 0.184 7X,— 0.033 3X3
6.25 +0.264 1X4— 0.071 9Xi— 0.255 6 X3- 0. 071 7X3+
1.2 0.151 7X3- 0.338 7X;Xo+ 0.214 3X X3+ 0.030 8X;X4
’ DPS + 0.237 3XoX3— 0.054 7X2X4— 0. 180 4X3X4
[17] 7 V3= 1 073+ 24.93 Xi+ 11.42X2— 0.766 7X3+
9.775X4— 42.11" " Xi- 37.96 ~ X3 — 8.985X3 —
2 12.47X3 - 15.24X1X2 — 16.76X1X3 + 17. 61X1X4 +
51 14. 89X,X3— 14. 81XoXa+ 14. 71X3Xy
4 , V= B.45+ 0.79 2 7 Xi+ 0.029 2Xo+ 0 054 2X3+
(Y) (Y2) (Y3) (Yo) 03875 Xar Q219Xi+ 02094 X3+ Q1594 Xi-
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0.078 IXi— 0106 X1Xo— 0093 8iXs+ 0.043 &K 1Xu—

0. 081 3X2Xz+ O 181 3XoXut+ 0.318 8" X3Xy

(Y
4.778 3.833

1. 220,

, (1) (12)
(Ya) F, 6. 244
8. 678, Fo. o1(14,21y = 3. 070,
Fi 0.815 0. 774 1.098
Fa2s(10,11)= 1. 520,
4

0.05(* )  0.01(* * )

?

Tahle 4 Results of the orthogonal rotation experiment

Treatment No

Yield (kg hm™2)

Oil content (%)

0il yield (kg hm™?)

Protein (%)

O 0 N AN W R W N =

2 445
2562
2 466
2677
2273
2379
258
2568
2212
2628
2229
2671
2429
2 651
2562
2 549
1932
2760
235%
2483
2707
2 631
2513
2635
2959
2684
2964
2700
2731
2541
2 7%
2653
2723
27488
2671
2 660

39 9
37 62
39 51
36 28
39 05
378
40 72
3835
40 37
38 30
40 74
3776
39 59
39 02
40 65
37 67
40 88
36 9
39 30
3710
39 74
38 13
39 4
40 21
39
392
40 23
39 52
38 60
40 35
39 07
38
38 47
38 60
38 21
40 53

976 2
963 8
974 3
971 2
887 8
900 6
1058
984 8
893 0
1007
908 0
1000
961 6
1034
1042
960 3
789 8
1024
925 8
9213
1076
1003
991 2
1 060
1157
1053
1192
1071
1056
1025
1092
1027
1 047
1 061
1021
1078

42 51
44 65
428
43 97
42 58
43 65
9283
43 81
917
44 49
43
45 2
43 92
45 31
44 12
45 S8
41 80
45 14
44 6
43 81
44 06
439
2mn
43 40
43 &8
43 14
43 49
433
43 65
44 14
43 80
42 97
43 10
44 2
43 19
28
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2.2 - Ya= 43.45+ 0. 779 2X;+ 0. 021 9X3

2.21 Q= 43. 45+ 0. 029 2Xo+ 0. 209 4X3

: [ 18] : . ,
Y43= 43. 45+ 0. 04 2X3+ 0. 159 4X3

. X, (131.0) > Yu= 43. 45+ 0. 387 5X4— 0. 078 1X4
Xo(41.43) > X4 (8.633) > Xs(1.442); ,
Xi(1.062) > X4(0.264 1)> Xo(0. 184 7)> X5(0.033 3); :
S X1 (24.93) > Xo(11.42) > X4(9.775) > :

X3(0. 766 7) ; : X1 (0.779 2) > X4(0.387 5) ; )
> X3(0. 054 2) > X5 (0. 02 2) ,
' [5,19,20] 7 5 >
’ [9,21]
, (1
2.2.2 , 0.5 mg kg™,
5 , 3 0 ;
s 2.2.3
Y= 2737+ 131. 0X - 98. 24X
5 , X1X3> X3X4>
Vo= 2737+ 41. 43X;- 80. 96X XiXa> XoXa> XoXa> XiXe; XiXo( F= 3.333 4)
V3= 2 737 1. 442X5— 18. 60X3 , XoX3> X1 X3> X3X4>
N XoXa> XX XXo> X Xo> XX
Y= 2737+ 8. 633Xa— 42. 28X3 28> 14 Xe> XiXz> XiXs>
XoX3> XoXg> X3Xy; X3Xy> XXy

. _ _ _ 2
: ¥21= 39.21- 1.062X;- 0.071 9X7 S XXo> XiXe> XoXs> XiXe,  XaXs(F= 7996 3)

V2= 39.21— 0.184 7Xo— 0. 255 6X3

B

V= 39.214- 0.033 3X5— 0.071 7X3 X3X4 Xi= 0,X2= 0
~ 2 , : Yx3x4= 43. 45+
Y= 39.21+ 0.264 1Xa+ 0. 151 7Xi .0 R
0.054 2X5+ 0.387 5" " Xu+ 0.159 4 X3— 0.078 X3+
2 ko k
: 3= 1073+ 24. 93X, - 42 11X] 0.3188 " XaXa, Xi€[-2,2].%€[-22],
0= 1073+ 11. 42X,— 37. 96X3 (35 5 , -2S%G<
V= 1073= 0. 766 7X;— 8.985% 2002 LY ; ;
5 X5 Xy~
Table 5 Joint analysis of X;*X,~ Protein (%)
X,(B) _
Levels Y
) -1 0 1 2
X5 2 9. 04 43 06 44 9 45.11 46. 14 44 (9

(K0) 1 0.20 42 90 43 6l 4.32 45.02 43 6l
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X4(B -
Levels Y
-2 -1 0 1 2
0 4. 68 43 06 43 45 43.84 44.23 43 45
Xs -1 43.47 43 54 43 61 43.68 43.75 43 61
(K0) -2 4.59 44 34 44 © 43. 84 43.59 44 ©
Y 4.99 43 38 4377 4. 16 44.54
(%)
2. 4 1.35 068 1. 33 2.36
Coefficient of variation
; s'= @5
: 2.3.1 ,
-2
) ( o, 1 000 kg hm
) 175 , 28%,
(Xi) Xi(N)  Xo(P20s)
; 0 1;X3(K20)  X4(B) )
2.3
-2
) 1 000 kg hm ,
-2 -2
) t ) N 163.7~ 19.2kg hm ~,P0585.0~ 95.0kg hm ~,
-2 -2
: K20 100. 7~ 124.3 kg hm™ % B 6. 7~ 8.3 kg hm™ %,
- 2Lx K
28X K2 40 %
6 1000 kg hm 2 175
Table 6 Frequency disribution of fadors affecting total oil yield of rapeseed ( 21000 kg hm™?)
X, (N) X,(P05) X;(K,0) X,(B)
(%) (%) (%) (%)
Levek Frequency Relative Frequency Relative Frequency Relative Frequency Relative
frequency frequency frequency fre quency
-2 0 0 0 0 35 20 35 20
-1 25 14 2 30 28.6 35 20 35 20
0 75 429 75 2.9 35 20 35 20
1 75 429 0 28.6 35 20 35 20
2 0 0 0 0 35 20 35 20
0 286 0 0
Weighted average
0 053 0. 107 0. 107
Standard deviation
5%
. . 0 182~ 0 389 - 0112~ 0.112 - 0210~ 0. 210 - 0.210~ 0.210
Confidence interval
(kg hm )
163 7~ 179 2 8.0~ 950 100 7~ 124 3 6.7~ 83
Optimum range
2.3.2 , 32% 7
45% 200 , Xi( N)
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-2 -2
Xa(B)  2,X2(P20s)  X3(K:0) -2 2 8.3~ 9.7 kg hm > K20 103.2~ 126.8 kg hm
N 236.6~ 255.4kg hm™” P2Os B 8.9~ 10.3 kg hm >
7 4% 200
Table 7 Frequency analysk of the factors for protein( >45%)
X, (N) X,(P0s) X;(K,0) X,(B)
(%) (%) (%) (%)
Levek Frequency Relative Frequency Relative Frequency Relative Frequency Relative
frequency frequeney frequency frequency
-2 2 1 33 2.5 47 235 21 10. 5
-1 9 4.5 R 16 35 17.5 25 12.5
0 23 115 30 15 30 15 39 19.5
1 63 315 R 16 38 19 0 25
2 103 515 33 2.5 50 25 65 2.5
. 1. 28 0. 045 0. 565
Weighted average
. 0 064 0. 107 0. 0%
Standard deviation
95 %
. . 1 154~ 1 406 - 0.216~ 0.216 - 0165~ 0. 25 0.380~ 0.750
Confidence interval
(kg hm™ %)
286 6~ 2554 8.3~ 99 7 103 2~ 126 8 89-103
Optimum range
[1] ) ) )
) 1 . , 2002, 24(1): 45~ 47. Shen
L, LiJN, TangZ L, @ d. Breedingof “ Yuhuang 1”-anew yellov
X1 ( N) > Xz( PzOs) > . . . .
seeded hybrid cultivar of rape ( Brassic napus L.) ( In Chinese).
X4( B) > X3( KzO) ’ Xl( N) > Joumal of Southwest Agricultural University, 2002, 24(1): 45~ 47
X4(B) > X2(P20s) > X3(K20), Xi(N)> [2] ,
X4( B) > X}( KzO) > Xz( PZOS) , X3X4( ) , 1996, 1§(2): 76~ 77. Li J P, Yang X N. Present datus
and develbpment trend of quality breeding in rape in china(In Chr
nese) . Chinese Oil Crops, 1996, 18(2): 76~ 77
2) “ | 1 000 [3]
-2
kg hm 40% , 1985. Guan C Y. Quality Improvement in Rape and Analysis
N 163. 7~ 179. 2 kg hm~ 2 P>0s5 Methods ( In Chinese) . Changsha: Hunan Science and Technology
-2 -2 Press, 1985
85.0~ 95.0 kg hm™ = K20 100. 7~ 124.3 kg hm ~ B 4 e
-2 ,
6.7~ 8.3 kg hm™ 7 45% ; , ( ), 2001, 21(4):
N 236.6~ 2554 kg hm 264~ 267. Tang X R, Guan C Y. Effects of culure density on adivr
P>05 80. 3~ 9.7 kg hm™ 2 K>O 103.2~ 126.8 kg hm™ 2 ties of several enzymes in rapeseed and is relationships with yield and
B 8 9~ 10. 3 kg hm™ 2 quality (In Chinese). Joumal of Hunan Agricultural University (Nat
3) « 1 . ural Sciences) , 2001, 21(4): 264~ 267
[5] ) , ,
2 2

, 195, (5): 34~ 37.
ZhuH X , Li G B, Zhang X, et al. Effect of nitrogen phosphor and
potassium application on yield and quality and the regulation of ab-
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, 1994, 31(1): 109~ 112. XuJ X,
Tang Y L, Xu Y F. Response of rape yield to lime and boron applr
cation and calciunr boron halince in red soils (In Chinese). Acta
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EFFECT OF NITROGEN, PHOSPHORUS, POTASSIUM AND BORON ON YIELD
AND QUALITY OF YELLOW SEEDED RAPESEED

Li Baozhen" > Wang Zhengyin' Li Jiana> Wu Jie* Shen Li*
(1 College ¢f Resources and Environment Sciences, Southwest Agriaultura University, Chongging 400716, China)
(2 College ¢ Agronomy and Life Sdences, Southwest Agricultural University, Chongging 400716 China )
(3 College f Resources and Enwironment Sciences, Narying Agriculturadl University, Narjing 210095, China )

Abstract An orthogonal quadratic regression rotation cambinatorial design with 4 factors, i e. nitrogen(N), phosphor
(P), potassium( K), and boron(B), was adopted in field experiments. Fertilization modelswere built up and analysed for yield,
oil content, oil yield and protein of yellow-seeded rape. The single factor effect analysis shows that in terms of effed of fetilizr
tion on seed yield and oil yield, the four single fador fertilizers were in the order of X;(N) > X,(P,05) > X,(B) > X;3(K,0);
while in tams of effed on oil content and protein, they were in the order of X;(N) > X4(B) > X5( P,0s5) > X3( K;0) and X (N)
> Xy(B)> X3(K,0) > X,(Ps), respectively. Based on the fert ilization models for oil yield and protein, in order to get an oil
yield higher than 1 000 kg hm™ % and a protein content higher than 40% in the rapeseed cakes, the optimum fertilization rate
should be recommended as N 163. 7~ 179.2 kg, P,05 85.0~ 95.0 ke, K,0 100. 7~ 124.3 kg and B 6. 7~ 8.3 ke per hm?;
and to get a protein content higher than 45% , the fertilization rate as N 236. 6~ 255. 4 kg, P»0s80.3~ 9.7 kg, K20 103. 2~
126. 8 kg, and B 8. 9~ 10. 3 kg per hm®.

Key words Yellow seeded rapeseed; Nutrient quality; Fertilization model; Nirogen; Phosphor; Potassium; Boron



