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Status of Nutrient Use Efficiencies of Rapeseed in the Yangtze River Basin
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Abstract: Nutrient use efficiency is an important index not only for fertilizer recommendation on the field scale but also for fore-
casting fertilizer demand on the regional and national scales, however, exact nutrient use efficiencies of rapeseed in the Yangtze River
Basin have not been well known yet. In this paper, data from 74 field experiments were collected and used for analysis and evalua-
tion of partial factor productivity (PFP), agronomic efficiency (AE), apparent recovery efficiency (RE), physiological efficiency (PE),
and fertilizer contribution index of rapseed. The results indicated that AE averaged 6.2 kg kg™ N, 6.3 kg kg™ P,Os, and 2.6 kg kg™
K,0, respectively. RE averaged N 34.0%, P,0s17.4%, and K,O 36.9%, respectively. The averages of PE were 18.5 kg kg™ N, 35.5
kg kg™ P,0s, and 9.1 kg kg™ K,0. The contribution of N, P and K fertilizer to rapeseed yield was 41.9%, 21.4%, and 11.5%, respec-
tively. It was concluded that nutrient use efficiencies of rapeseed in the Yangtze River Basin were low. Thus, rapeseed yield and nu-
trient use efficiencies should be improved simultaneously to ensure sustainability for rapeseed production.
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F1 RELERENAE
Table 1 Experimental treatments and the rates of N, P, K, and B
fertilizers (kg hm™)

Treatment N P20 K0 Borax
NPKB 180 90 120 75
PKB 0 90 120 75
NKB 180 0 120 75
NPB 180 90 0 75
1.3
) 6
) ) 0.5mm
H,S04-H,0, ,
(F1Astar5000, ) N P KIS

(0] pH 2.5:

1.0, pH ; ;
: 0.5 mol L™ NaHCO, -
: 1 mol L™ NH,0Ac - ;

1.4

Baligar™ (201

Cassman®  Fageria
(partial factor productivity from applied
N, PFPy, kg kg™ N),

, PFPN=Y/FR, Y ,

(agronomic efficiency of applied N,
AEy, kg kg™ N), :
AEN=(Y-YQ)/F, Y , Yo
,F
(apparent recovery efficiency of ap-
plied N, REy, %),
, REN=(U-Uo)/F, u
» Uo
,F
(physiological efficiency of applied
N, PEy, kg kg™ N),
s PEN=(Y=Y0)/(U-Uy)

(fertilizer contribution rate, FCR, %)=(
- ) %100
(soil contribution rate, SCR, %)=
/ %100

2 HBRE5SMH
2.1

NPKB 1222~4 732 kg hm™ ,
2654 kg hm? PKB NKB NPB
1541 2086 2347 kg hm™ ,
1113 568
13.1%

307 kg hm™,
72.2% 27.2%
2.2
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F2 AEMEELIEHEZSTMATE
Table 2 Seed, stem and pod yields of rapeseed in different treatments (kg hm™2)
Seed Stem Pod
Treatment Range Mean Range Mean Range Mean
NPKB 1222-4732 2654+693 a 1039-6913 3678+1235 a 1036-3963 2139769 a
PKB 344-3062 1541+587 d 396-4034 2102+872 d 272-2524 1225+496 d
NKB 294-3827 2086654 ¢ 267-5450 2737+978 ¢ 275-3529 1715689 c
NPB 956-4087 2347+662 b T717-5794 3154£1152 b 722-5155 1894+681 b
P<0.05
Valued within a column followed by different small letters are significantly different at P<0.05.
F 3 MR MRESBAABERSSENEN
Table 3 Effect of fertilization on N, P, and K contents of rapeseed (%)
Seed Stem Pod
Nutrient Treatment Range Mean Range Mean Range Mean
N NPKB 2.86-4.35 3.59+0.34 a 0.30-1.34 0.52+0.18 a 0.28-1.59 0.74+0.26 a
PKB 2.28-4.18 3.30+0.45b 0.29-1.13 0.43+0.15 b 0.30-1.17 0.59+0.18 b
P NPKB 0.51-0.91 0.71+0.09 a 0.01-0.17 0.06+£0.04 a 0.01-0.37 0.11+0.07 a
NKB 0.34-0.97 0.65+0.14 b 0.01-0.14 0.05+£0.03 a 0.01-0.31 0.09+0.06 a
K NPKB 0.26-1.43 0.82+0.18 a 0.18-5.28 1.96+0.78 a 1.53-4.39 2.78+0.64 a
NPB 0.50-1.35 0.80+0.17 a 0.12-3.31 1.54+0.76 b 0.44-3.68 2.51+0.64 b
F 4 TEREIMMFESMARBETESRILERF T
Table 4 Effect of fertilization on N, P, and K uptake of rapeseed (kg hm™)
Seed Stem Pod Total
Nutrient ~ Treatment Range Mean Range Mean Range Mean Range Mean
N NPKB 42.5-160.2 94.8424.4 a 5.1-75.3 19.0+10.0 a 4.5-39.5 15.8+7.9a 53.2-219.7 129.6+34.8 a
PKB 11.4-113.3  51.4+22.2b 1.3-31.8 9.4455b 1.1-19.7 7.4+42Db 14.3-142.0 68.2+29.2 b
P20s NPKB 14.8-74.1 43.5+12.4 a 0.6-21.3 4.8+3.5a 0.4-29.3 5.4+4.7a 16.7-109.2 53.7x16.4 a
NKB 2.4-75.6 31.4+12.6 b 0.2-13.5 3.5+2.7b 0.1-15.4 3.6+2.8b 2.8-89.9 38.7+16.6 b
K20 NPKB 8.0-48.0 25.9+7.7 a 6.5-179.9 86.4+t41.6a  27.5-186.4 69.9+255a  54.3-339.1 182.2+61.4 a
NPB 8.0-40.0 22.2+6.6 b 4.5-131.9 59.7+36.9 b 11.1-112.0 55.1#219b  35.4-269.8 137.0¢57.0 b
2.3 )
2005—2007 74 te] 5 :
, 0,
5 , 82.6%; 0,
14.7 kg kg‘l N 29.5kg kg'1 56.4%; 100%,
P,0s 22.1kgkg™ K,0; 6.2 kg kg™ , 0 7
N 6.3 kg kg™ P,05 2.6 kg kg™ K,0; ,
34.0% 17.4%  36.9%; )
185 kg kgt N 35.5 kg kg™ P,0s ( 1 , 74 ,
9.1 kg kg K,0 30%~40% 19
41.9% 21.4% 11.5%; 58.1% 26%; 5% , 24%;
78.6%  88.5% 7 , 60% ,
2.4 BERRWFFAE 19% : 1 !
(PFP) (AE) 30% 15%
(ARE) (PE) 40% )
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F5 MEMACIETE. EERR A AYE
Table 5 Yield response to fertilization and fertilizer efficiency in rapeseed

Parameter Mean SD Min. Lower quartile Med. Upper quartile Max.
N

PFP (kg kg™ 14.7 3.9 6.8 12.0 14.5 16.6 26.3
AE (kg kg™) 6.2 3.6 1.1 35 5.1 8.0 15.8
ARE (%) 34.0 16.7 0.0 22.0 33.0 425 82.6
PE (kg kg™) 18.5 7.8 0.0 14.1 17.5 21.9 49.1
FCR (%) 41.9 19.0 7.5 26.5 429 58.1 76.0
SCR (%) 58.1 19.0 24.0 41.9 57.1 73.5 92.5

P20s
PFP (kg kg™) 29.5 7.7 13.6 24.1 28.9 33.3 52.6
AE (kg kg™) 6.3 5.5 0.0 2.6 4.6 8.0 26.3
ARE (%) 17.4 13.4 0.0 6.3 15.8 25.0 56.4
PE (kg kg™) 355 26.5 0.0 16.4 33.3 48.3 137.1
FCR (%) 21.4 20.8 0.0 9.8 17.5 30.3 75.9
SCR (%) 78.6 20.8 24.1 69.7 82.5 90.2 100.0

K,0
PFP (kg kg™ 22.1 5.8 10.2 18.0 21.7 25.0 39.4
AE (kg kg™) 2.6 2.0 0.0 11 2.2 3.3 8.4
ARE (%) 36.9 26.6 0.0 16.0 345 56.4 100.0
PE (kg kg™) 9.1 12.1 0.0 2.4 5.8 11.3 81.1
FCR (%) 11.5 8.6 0.0 6.1 11.3 15.8 40.7
SCR (%) 88.5 8.6 59.3 84.2 88.7 93.9 100.0

PFP: partial factor productivity; AE: agronomic efficiency; ARE: apparent recovery efficiency; PE: physiological efficiency; FCR: fertilizer
contribution rate; SCR: soil contribution rate.
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3 itig
[11].
) N P,Os K0 180 90
120 kg hm™?, ,
[1,12]
[71 (RE)
( 1 ) il ]
( ) N 34.0% P,05 17.4% K,0 6.2kgkg? N 6.3 kg kg™ P05 2.6 kg
36.9%, 20 90 kg™ K0, 10.4 kg kg™ N 9.0 kg
( 6), , kg™ P,0  6.3kg kg™ K0, [13]
*6 HMXESREEIENEEVERNBENLE
Table 6 NPK nutrient efficiencies in rapeseed compared with those in rice, wheat and maize in China
AE (kg kg™) ARE (%)
Crop Year No. N P,0s K,O N P,0s K,O Data source
1.1-15.8 0-26.3 0-8.4 0-82.6 0-56.4 0-100.0 ;
Rapeseed oo coor T 6.2)? (6.3) (2.6) (34.0) (17.4) (36.9) This study
1)
Food crop Bleggge 782 — — — 30-35 15-20 35-50 Zhu*®
= 10.8-40.5  7.3-20.1  21.2-35.9 1]
Food crop 2000-2005 1333 9.4 7.9 5.8 (275) (11.6) (31.3) Zhang et al.
~ 8.9-780  3.0-49.3  45-82.8 13]
Food crop 2002-2005 165 11.3 8.5 7.5 28.7) (13.1) 27.3) Yan X et al.

1)

.2)

Y Including rice, wheat and maize; ? Data in parentheses are mean values. AE: agronomic efficiency; ARE: apparent recovery efficiency.

7

NPKB

NPKB

9.2~45.2

2.6~9.6 kg, 25.3% ( ) NPKB
10 [4] [6]

F7 BMRBEINREMLER
Table 7 Comparison of N nutrient efficiencies in rapeseed

N rate (kg hm™) AE (kg kg™ N) ARE (%) PE (kg kg™ N) Data source
180 6.4 34.0 18.4 This study
75 10 44 22 Hocking et al.[*]
75 16 80 21 Hocking et al. %!
75 16 74 23 Hocking et al.[*"]
100 9 50 17 Smith et al.[*?]
5 Abbreviations as in Table 5.
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