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Potential analysis on winter oilseed rape production under reducing nitrogen
input and increasing its efficiency in China

ZHANG Zhi, CONG Ri-huan, LU Jian-wei"
( College of Resources and Environment, Huazhong Agricultural University/Key Laboratory of Arable Land Conservation in Middle
and Lower Reaches of Yangtze River, Ministry of Agriculture, Wuhan 430070, China )

Abstract: [ Objectives ] Evaluation of nitrogen fertilizer saving potential in oilseed rape under the national plan
of zero growth in chemical fertilizers would be meaningful for the development of high yield and high efficiency
for oilseed rape production. [ Methods ] The statistical dataset (2005—-2014), literature dataset (after 2000),
fertilization dataset (2005-2015) and investigation dataset (2009-2011) were combined in our study for
quantifying the oilseed rape yield gap and partial factor productivity of nitrogen (PFP,) gap in domestic and
abroad and determining the nitrogen saving potential of recommended level compared to farmers’ level in the
major winter oilseed rape producing provinces. The nitrogen saving potential of winter oilseed rape under the

different scenarios in the future was explored using the Quantitative Evaluation of the Fertility of Tropical Soils
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(QUEFTS) model. [ Results ] The statistical results showed that oilseed rape yield in China was approximate
with that in the world (1800 kg/hm’) in the past ten years, and winter oilseed rape yields were mainly from 1500 to
2100 kg/hm’, but lower than those in Europe. The national yield increase was at a low level, and appeared to
yield stagnation. The investigation results showed that the nitrogen rates at the farmers’ level were generally
higher with an average of 188 kg/hm’. Combination of the planting area (6238x10’ hm?®) and recommended
nitrogen rate (162 kg/hm®) for winter oilseed rape, the nitrogen saving potential was calculated, i.e. 16.6x10" t.
And the main nitrogen saving provinces were Jiangsu, Hunan, Hubei, and Sichuan. Considering that soil
indigenous nitrogen supply (INS) is a critical factor for the yield potential and nitrogen saving potential, the N
supply levels were divided into low, middle and high according to the nitrogen uptakes of the nitrogen omission
treatments of N 30, 50 and 70 kg/hm’ (corresponding yields were about 500, 1000 and 1500 kg/hm?®), respectively.
On the basis of farmers’ level, the recommendation level was set as the scenario I, and PFP, amounts increased
by every 5 units were set as the scenarios II (foreign normal level), Il (foreign medium level), and IV (foreign
high level). The result showed that nitrogen demand was improved by increasing target yield, and the increment
was growing bigger. Under the low level of INS and the target yield was more than 2500 kg/hm’, nitrogen rate
could be saved only when the foreign normal level was reached. Under the middle or high levels of INS, nitrogen
saving capacity was sufficient when different target yields were achieved. [ Conclusions ] Combination of INS,
target yield of oilseed rape and other agricultural measures was crucial for accomplishing high yield, high
efficiency and nitrogen saving.

Key words: winter oilseed rape; yield gap; partial factor productivity of nitrogen; scenario analysis;
QUEFTS model
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Fig. 1 Oilseed rape yields in different countries
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Table 1 Nitrogen rates and partial factor productivity of oilseed rape in different countries

P 1398 4% Total N (g/kg)/ RIEHR LB AR5 E BT
Country TEHLEN,;, (kg/hm?)? N rate (kg/hm?) Yield (kg/hm?) PFP, (kg/kg) Reference

% [E Germany 0.93 120 4294 35.8 [15]
160 4654 29.1 [16]
1.50 240 4300 17.9 [17]
160 4516 282 [18]

200 4402 220
1.10 160 4016 25.1 [19]
19.30 120 3993 33.3 [20]
160 2726 17.0 [21]
206 3680 17.9 [22]

120 4523 37.7

V- Mean 165 4110 26.4
He[F UK 22.30 167 6121 36.7 [23]
220 4179 19.0 [24]

SF-#4 Mean 194 5150 27.9
>~ Poland 35.50 160 3434 21.5 [25]
30.00 180 4550 253 [26]

7 Mean 170 3992 23.4
AFIE. Austriliab 60 1846 30.8 [27]

80 2722 34.0
0.81 69 2031 29.4 [28]
1.11 69 1177 17.1 [29]

F- Mean 70 1944 27.8
fin%K Canada 146 3000 20.5 [30]
96 1874 19.5 [31]

SE-¥4 Mean 105 2437

E[ India 1.08 125 791 6.3 [32]
100 996 10.0 [33]

F-# Mean 113 894 8.2
F1[E China 180 2610 145 [12]
191 1923 10.1 [6]

¥4 Mean 186 2267 12.2

# (Note) : “—KTFI10AEIE b HIELHA, HA N LA S Data larger than 10 are soil mineral nitrogen, others are soil total
nitrogen; — R AFIW. | fNERFPRIAG ISR, HARZRY N4 IMSE Canola was planted in Australia and Canada, winter oilseed rape
was planted in other countries; SCRRUSCAE A9 ZUAL A 34 0 I W AL FRAY SRR FH i, JCARREAC B R 545 Nitrogen application rates in the
literature were extracted from common treatments, i.e. no specific treatments.

Ji5r 5 =32 x 10°, 12 x 10*, 26 x 10*t, B Er  FR4EmE 5 D RAR B E SRR, PRk ak F)
PP 3000 kg/hm? B, R EE P SRR R I HE 17K 3500 kg/hm?, AL T AT TAL 8 x 10* t, e A I U
A REIR BN ANCE R B s s 10, B WA ™ 7 23 x 10* t, 1R IV, ANCWAE ™ J1dksddm 54
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Fig. 2 Winter oilseed rape yields in the main production provinces of China
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Table 2 Nitrogen rates and partial factor productivity of winter oilseed rape in the main production provinces of China

A& F17K S Farmers” level

477K - Recommendation level

PASYAN

pfv{iice A= B R 1 ANE FliiE s AL = 1

N rate (kg/hm?) Yield (kg/hm?) PFP, (kg/kg) N rate (kg/hm?) Yield (kg/hm?) PFP, (kg/kg)
PJIl Sichuan 180 2235 12.4 161 2718 16.9
K Chongqing 178 1821 10.2 141 2486 17.6
ZF Yunnan 175 2068 11.8 175 2751 15.7
)M Guizhou 170 1890 11.1 147 2265 15.4
Wt Hubei 181 2187 12.1 165 2553 155
i Hunan 191 1722 9.0 148 2309 15.6
VLY Jiangxi 152 1845 12.1 147 2420 16.5
%8 Anhui 192 2001 10.4 174 2731 15.7
L9 Jiangsu 255 2360 9.3 190 2597 13.7
WITT Zhejiang 208 2160 10.4 167 2581 155
) Average 188 2029 10.9 162 2541 15.8

LR B E AN K, HAR R AT A E] 4000
kg/hm?, I A T RS 6] RWI7E FRiE 2
AE BRSBTS A
HATENZR, O THE— 2 fE s Hpr i, &%
AN AR AR R, A Ak ) SRR Wit 4% 2%
H5.

3 hie

31 ERSNEREFER DN
DY 25 ] =32 2 7 300 PA) ) e 2R 1 O
SRR IRAE 9°C 2oy (ISR Z AT 200 551

14 °C 16 C), 4FEMKEZ N 600 mm (FilZEZEH
ZMEE 450k 250 mm AT 350 mm); FREA M T
FERAITHIR, AT (220 KA A
IS 13°C A1 650 mm™, [ PNAMYSIEE S H
125 B0 3 S AR FRR A RS AR TR, AT 5 R
PR B AR, R E, EAMERE
PAZAE S — A R, v A 456 A SR Al
X, VARG A GRME RN SRR fETR
H, GRS —4, BRI —FE 2R
F, KRR FESREEWRE, WKL
WS KEE . ERSFEAE, A 55 5 1 FE 98 4%
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Fig. 3 Nitrogen demands for the target yields under different soil indigenous nitrogen supply (INS)
[ (Note) : FIFPL Nk FykFAM A, R 188 kg/hm®, (a) HIELABE SR 30 kg/hm®, WEAE HARF=HE A 3000 kg/hm®s (b) +HEfit
HAESI R 50 kg/hm®, WEAE H AR 4000 kg/hm®; () H-HEHEAAE TSI R 70 kg/hm®, WrE H AR 44 5000 kg/hm®. Vertical bars represent
the farmers’ nitrogen level, i.e., 188 kg/hm®. (a) INS = 30 kg/hm?, potential target yield = 3000 kg/hm?; (b) INS = 50 kg/hm?, potential target yield

= 4000 kg/hm’; (c) INS = 70 kg/hm?, potential target yield = 5000 kg/hm®.]
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Table 3 Nitrogen saving potential for winter oilseed rape in the main production provinces of China

AT R N demand (x 104 t)

P Tl i AR RERCV
Province Planting area & PKE etk oF N saving

(< 10* hm?) Farmers’ level Recommendation level (<10%1)

PUJIl Sichuan 1017 18.3 16.4 1.9
K Chongqing 233 4.1 33 0.8
=M Yunnan 296 52 52 0.0
St Guizhou 522 8.9 7.7 1.2
14t Hubei 1249 22.6 20.5 2.1
¥ Hunan 1298 248 19.2 5.6
YLV Jiangxi 548 8.3 8.0 0.3
Z# Anhui 551 10.6 9.6 1.0
VT3 Jiangsu 398 10.2 7.6 2.6
VL Zhejiang 126 2.6 2.1 0.5
S Total 6238 115.6 99.6 16.0

FPPIEFT S SFICT, 5300, IS 2 A
3, EFWIML 100~110 KA, BWRFIWLIH #E
SOMEE E s B A R AR BOBUIR . R
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P HBENERRY, HAE MRS, 4
FXKIL AR El R, s il
WA . BMZR RS, FMhEASI . WRRS, 5
SRR il e R AR, AR RER K, H
AN T X 38 p T A AR R R ) 22 5, TR
BWARIR LN 187~255 KB4, FERREEE P AR Iy
1, FE AR R e AL, &R 30~

80 Fk/m?, T E AHLIRALACE AR, A ZRHAT
PR, BRI 30~45 F19~12 J1
B’ s [ SNEAE 78 7375 1 e A SR IR 231 0 B
DA E FAE RS AL A, . B AE P A ol A1
I BEAE G A, ELEE LA AL AT, T e P e A
ZLaKoNE, HEEL, 208k, L, Wi
AE LB LS BReill, 38k, oA it B3 7 B i
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Table 4 Evaluation of nitrogen saving potential for high yield and high efficiency of winter oilseed rape

under different scenarios in the future

TR J1 N saving (x 10* t)

. EE7 s
"R Target yield
(kg/hm?) Low INS Medium INS High INS

I (ENHEFEKTF, PFP = 15.8) 2000 31 52 79
2250 14 34 58
2500 -22 16 38
1 (Eob—BKF-, PFP = 17) 2750 0 28 40
3000 -32 12 26
M (ESMH45EKF-, PFP = 22) 3250 22 34
3500 8 23
IV (EAME K-, PFP=27) 3750 19 30
4000 2 20

PR, R YEREVE Y R 1 TR s e 2D E R it A S
B0 I i S BNt FH AR R ), B DA 4
Jiti Ay S B RN R it 1 5 B LR 2R A

e P TERE M B AR AT, 22 SR T Y 7 2L
AL IFXFRIZ BT RPN, MLmE, E i
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St B A% Ak 7t 55 2 TR AT AR A T i Y 7 R
JEF AR it R B — 5 I AE 8 ~10 cm A4,
AT RE M IR R AR, ELLE 2 S B
oy R WRETAENLR R 2 . IR, H553
AR gt

FEF AN [ F Bt UM Ay o 7, G [eed 9ol =5 A 4
TEFHEZ90 90~325 kg/hm?”, X I B AU H &= 1Y
W e WA AR, A RRO BRI . A
REFWE, MIREN, TR ik
RACH &, BACA K REAEIC ™ Pk i R R, 20
FHE P 12%1; B & 1 LRl AL A BE 71 1Y 38
KT S A FUIE R 200 kg/hm? FEAR
162 kg/hm™™, ik, DLt RRE S o Ient, ot
— R R DX RVIE T A B T RUIE s 2K

THISERUR WA 53 A ST FR ARG, IR s i
ARG AR B, BRI 3 AR
I s, Wk, FOIEE A T 4 50 . B
JIE . ERACHE . AT EENEANAENE, Horh R it e A
RAHES, HRGEAE, HxPhsEA R X "R
MR, FUERE R ECE 1~4 Wk, 5 I 3 A
50%~60% . #AAE (HAL) 20% FMZEAL 20%~30%
Jite ™

FEIR R R G BEEN 70% 24, FIEE
A5 — T BRI 3 3 R O VR LA i R A N
0, HRN, SIS AEIE S IR E LG
PIAHEL, R G W, RS TR A A e L T
SRR R AR, HoA AR 1 3 IR A
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