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Effects of Water and Nitrogen Coupling on Nitrogen Nutrition Index and
Radiation Use Efficiency of Winter Oilseed Rape ( Brassica napus L. )

Gu Xiaobo Li Yuannong Du Yadan Zhou Changming Yin Minhua Yang Dan
(Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas, Ministry of Education,
Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract; In order to determine the reasonable amount of irrigation and nitrogen fertilizer for winter
oilseed rape ( Brassica napus L. ) at stem elongation stage, which is significantly important for improving
water and nitrogen use efficiency, increasing yield and quality and decreasing environmental pollution,
a two-year (2012—2013 and 2013—2014 ) field experiment was conducted to evaluate the effects of
different irrigation and nitrogen applications on aboveground dry biomass accumulation, nitrogen nutrition
index (N,,), radiation use efficiency (R,,), yield, water use efficiency ( W,,) and nitrogen partial
factor productivity ( N,,,) of winter oilseed rape in Yangling District of Shaanxi Province. There were
three irrigation levels (I;: O mm; I, : 60 mm; I,: 120 mm, 1, was approximately equal to local traditional
irrigation amount) and three nitrogen levels (N,: 0 kg/hm’; N, : 80 kg/hm”; N,: 160 kg/hm’, N, was
approximately equal to local traditional nitrogen application amount). The results showed that irrigation

and nitrogen could obviously improve aboveground dry biomass, R, and yield. Compared with I, N,,
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I,N, and I, N,, the aboveground dry biomass of I, N, was reduced by 0.80% , 9.18% and 11.12% ,
respectively. Under treatments of [[N,, I)N,, I, N, and I,N,, nitrogen deficiency of winter oilseed rape
occurred at different days after irrigation and nitrogen treatments, which was unbeneficial for the growth of
winter oilseed rape. While the N, of I, N, and I, N, were always higher than 1 at different stages, and the
N, of I, N, was fluctuated around 1, which indicated nitrogen status was optimum, but the N,, of I, N, was
much greater than 1, which indicated nitrogen was excess. Irrigation and nitrogen had significant
interaction effects on R, in two years (P <0.05), and I, N, could significantly improve R, of winter
oilseed rape in both drought year (2012—2013) and rainy year (2013—2014). The promotion of R,
was not obvious or even presented a downward trend when excessive irrigation or nitrogen application was
conducted. In 2012—2013, seed yield of I,N, was significantly lower than those of I,N, and I, N, (P <
0.05), and it was reduced by 6.02% and 4.76% , respectively. While in 2013—2014, no significant
difference was found among I,N,, I,N, and I,N,(P >0.05). In both years, irrigation and nitrogen had
significant interaction effects on crop evapotranspiration (ET), W, , and N,,, (P <0.05). In 2012—
2013 and 2013—2014, yield of winter oilseed rape ranged from 1 534 kg/hm® to 3 024 kg/hm’ and from
2318 kg/hm’ to 3 746 kg/hm”, ET ranged from 195 mm to 339 mm and from 318 mm to 426 mm, W,
ranged from 7.9 kg/(hm’-mm) to 10. 4 kg/(hm’-mm) and from 7.2 kg/(hm*-mm) to 9.4 kg/( hm’-
mm). Among all of the irrigation and nitrogen treatments, I,N, achieved the highest seed yield within
two years, the average yield, ET and W,, of which were 3 385 kg/hm”, 374 mm and 9. 1 kg/( hm’ -
mm) , respectively. While I, N, achieved the highest W, in both years, the average W, of which was
9.9 kg/(hm*+mm) , with average yield of 3 264 kg/hm”, average ET of 333 mm. Therefore, compared
with I, N, I, N, could save water amount of 42.5 mm, and improve W, . by 8.79% with yield just
reducing by 3. 57% . From the perspective of saving water and fertilizer, and simultaneously achieving
the goal of increasing yield, the I, N, (irrigation amount was 60 mm and nitrogen application amount was
80 kg/hm”) treatment was recommended as an appropriate irrigation and nitrogen fertilization schedule for
winter oilseed rape at stem elongation stage.

Key words: winter oilseed rape; irrigation; nitrogen application; stem elongation stage; nitrogen

nutrition index; radiation use efficiency
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Fig. 1 Monthly total rainfall and temperature during winter oilseed rape growth seasons of 2012—2013 and

2013—2014 at experimental site
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Fig.2 Effects of different irrigation and nitrogen amounts on accumulated aboveground dry biomass of winter oilseed rape
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Fig.3 Effects of different irrigation and nitrogen amounts on nitrogen nutrition index (/N,,) of winter oilseed rape
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Fig.4 Effects of different irrigation and nitrogen amounts on yield and yield components of winter oilseed rape
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Tab.2 Analysis of variance ( F value) for yield and yield components of winter oilseed rape under different

irrigation and nitrogen amounts

s 2012—2013 4 2013—2014 4E
T it 4 TEWE > it 2 W it 4 THEWE > is 20
AR S B 41.94* " 35.49 %" 3.12°¢ 40.20* 72.54% % 4.64"
L8RS 252.05" " 52.90" " 5.09" 90.54 " 63.73" " 5.79*
EESERES TR 12.31%" 6.93" 0.33 16.13* 10.16* * 0. 40
BRI BT R B 90.69 " * 27.93* " 6.38" 22.54" 42.16"* 7.27*
T 5.85" 8.38" 0.34 4.03* 6.33" 0.13
FF L™ 177.06 " * 56.63" ¢ 7.03° 80. 80 149.43 " 6.51"
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BECE 4), £ & & A F LT, B 2013—
2014 A7 A T FURFRLEAN 2 a 1 1, 1, Ab B PR Sy
REEC BB A BB T RRURF R BORURF L 7= it 4
FRF 1,(P<0.05) 1, f1 T, Zb B H] 25 5 A8 I8 3%

2 a AN il 280 BN THE TR A B R R P 38 B
ANTFHEWE HiE A AL (P <0.05) (& 4) AT WL, 75 42
TR W it 2R R AT AR AR R AT SR 7, R AH R K
Tt AL BN, R P B s TE AR R LR T
E K AL BT, () FFRL P 5 ey o 2012—2013 4F (- 5
AE) TN b AR R 5 0 F AR T LN, AL LN, b B
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FR= & m T LN, KT LN HE=%2Z% A%,
LN, FFFRL ™ i LN K 1.63%
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AL A [ b R A B X A il SRR K i

(ET) K5 R R (W, ) AR A= 7 T3 (N )

AR R (R 3) o 2 a BR/KEAYZE 500 2 a 9%
ET Wy BN ppp AT — € B 2257

2 a AN[F) Ak BEAR BlAT AY B K AP AE B 2
St o 2 a PEZK A AL B X 28 S WS i K S
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DU, N b PR fiff K B2 8 25 R T N AN b 3
(P <0.05) . 7€t & & A 5 /9 4% 50 T, 2013—2014
RS KRR LB FERT 1, (P <0.05),
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AR PR N FIN, T3 ASHEK AR FE T, T 0T, W0 il K
A 22 5 A B AR AAE B NN TR L AR BSOS
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FAAE 5 72 5%

2 a PR X AT AR K B A R S (P <
0.01),2013—2014 45 ¥ 7K 1 it %0 5 XF & il 51 46 K
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[ 00 R N AN, A0 B A FE K & 2 35 KT N,
(P <0.05) N, Il N, ab # ) 22 5 45 A8 2 3% o 7 A ]

x3 TEEBMERCEBMEANRKE KSFALENERKRESD

Tab.3 Crop evapotranspiration, water use efficiency and nitrogen partial factor productivity of winter oilseed rape

under different irrigation and nitrogen treatments

PN . o gk, BUS KR/ FEK &/ K4y R s/ RN A= 77 F1/
mm mm mm (kg-hm ~?+mm ") (kg-kg™")
Ny 488" 463" 205" 7.9¢ 15.3"
I N, 483* 442¢ 221° 8.8" 10.9¢
N, 485* 436° 229° 8.9" 7.3°
Ny 490* 475* 2551 9.0" 22.1°
2012—2013 4 I N, 495 447" 280°¢ 10. 4° 15. 8"
N, 494° 446" 288° 10. 0" 10.7¢
Ny 494° 484* 310" 8.1° 24.3"
L N, 491° 451" 340° 9.2" 17.1°
N, 503" 454" 349° 8.8" 11.7¢
Ny 462° 510° 318° 7.2°¢ 23,20
I N, 457" 449°¢ 374¢ 8.5 17.7¢
N, 453° 451°¢ 368°¢ 8.0" 11.8"
N, 455" 536" 3294 8. 1" 27.9°
2013—2014 4¢ L N, 452° 486" 3920 9.4* 20.5°¢
N, 453° 4811 397" 9.1° 13.8°
Ny 456" 566" 375¢ 8.0" 30.1°
L N, 464° 533! 417° 9.0° 20.8°
2 457® 517°¢ 426° 8.6 14.1°
FH

T 5.1° 629.2" " 15.2* " 6.7
2012—2013 4 Jiti 4.6" 7.3" .1+ 5.6"
TEWE it & 2.6 1.7 4.2" 3.3"

W 19.4 131.6" " 6.3° 7.1 "

2013—2014 4¢ Jiti 2 14.2 181.4"~ 5.4° 16.5%*
HEWE x it & 3.2" 3.8" 4.7 3.4"

T B R ATECR (9 6% /K 2 0 ~ 200 em b TR K 5,2 a KO0 10 07 22 0 B R S Y o
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