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Effect of coupled irrigation and nitrogen on growth and
nitrogen use efficiency of rapeseed
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Minisiry of Education/Engineering Research Center of South Upland Agriculture, Minisiry of Education, Chongqing 400716, China)

Abstract: In main rapeseed growing regions, the effects of different water management and nitrogen (N) ap-
plication on growth and N utilization of brassica napus was studied in order to provide theoretical basis for scientific
fertilization of rapeseed for high yield and efficiency. A pot experiment on coupled effect of water and fertilizer of
rapeseed in solar greenhouse of Southwest University in Chongqing in 2015-2017. The yield, growth characters, N
uptake, and N utilization of rapeseed were compared with treatments of three water and three N fertilizer levels. The
results showed that the plant height, stem thickness, leaf number, and effective branching number were not sensi-
tive to moisture factors, but were significantly affected by N. When soil moisture reached a high level of 90% of
field water capacity, nitrogen only affected the characteristics of root morphology and the quality of root. The more N
applied, the more aboveground and underground dry matter accumulated in a certain range, but after the applica-
tion of a certain amount of N fertilizer these indicators showed a decrease. The effects of water and nitrogen on the
total N content of soil was not significant. The N content of crops increased with the increase in nitrogen applica-
tion, but decreased with the increase in soil water content. The yield of Brassica napus showed no significant differ-

ence with different N application levels, and increased with the increase of soil water content. The apparent utiliza-
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tion rate of N fertilizer, partial productivity of N fertilizer, agronomic efficiency of N fertilizer, and physiological u-

tilization of N fertilizer increased with the decrease in N application, and with the increase in soil water content at

the same N application level. In this study, the optimal combination of water and N was WIN3; the irrigation level

controlled 90 % of the water in the field and the N application rate was 0.12 g + kg™'.

Keywords: rapeseed; irrigation and nitrogen coupling; growth traits; nitrogen uptake ; nitrogen use efficiency

Pgiit, 2 E 2013 LAt A 5 912 J7 (3
afi) R AEY B 666.7m* AL & 21.9 kg, 1 tH FF
BIKPAUL RA 8 ke, P EJEIEE Y 2.6 £, ZRKH
2.5 i Y RNE R 2 1A 30% ~35%, Tl 36 KK
ATLLIAE 50% ~60% . Bl it A& PR e E P As ™ &
7= B/ DI TS Y R Y LR, 7EAR AR =
FHEATH T RFBORES T UL ERre T
Kok, BRI Fh 30T 4 50 AN A B A6 A i HG 2 o U
REA AL AL A PLIE R ST R R
e T R AR« = =527 ek, S EEE A H
R AN, R AL B )25 A 3 4,
PEAED M BN ZUIE 1 S 2 R 3 5k B A 3 L)
Keid st A ML AR e . R TR 2 9 B
7 R FH 2 SO o) 5 Fe O 9 A e BRI s o
fiti i - AR A R A A S 2
Jrs il it R0 S A A R R B X — R RO R R
it R IZA — S XASEEX H R S E H
AR S SR L, R R SOk TR
7K, VU B HL DX 3 2 ( Brassica napus L.) Jifi 2 &= 7E 180
kg « hm B, P37 LUK #] 2 001 ~2 087 kg + hm™
(7K, o L TE AT IR 7 042~ 7 422 kg -
h ™27 ST A i 2 e Xt i S A P L K
LT RN FH 2 A1 138 R A9 9 PRl EL A o A B
X, [ a4 A R I AT R A, 7E
HATH/NRBEZ B R R T T4 M i 22 5
SR AL AR, AT S0 N RS B 4 . K RS
GRIK o FIRNEAR AR SRRz e R KRB &
RIEFR PR ML . EPNIMEE BRI S
SHERI A K IEAT T T2 MR A A5 I e 2412
TERIARTEAK  LAKAERE” A (H R K 54
HrEsh 30 e X b R R B 1Y R G

55, N AV R G R R VF SR AR R 7%
BONEEI,, P, 78S AE AR = K
s KRR A ORI SE 8 IR R K /4]
B R SEA R SR Z WSO TR, A v e DX S
B S A RS B R R
I bRk
1.1 REET

IR M A AR 7 =, AR i SR, ik
HORE TP M KEHFILR AT 0~20 em 12
(2015—2016 ) fi1 2 SR = AKMEHN 0~20 em +
JZ(2016—2017 4FJ) , L HER M E TR & 6
+, KA 31%, BB KB 3 A (HIHE
FrKE B 90% . 70% .50% , 5 % FH W1, W2 W3 £
), AAEKF 3 A (IE# i & i 1Y 150% , 100% Fi
50% , 435I N1 N2 N3 i), 3t 10 4~4ab 3, 535
9 WINL, WIN2, WIN3, W2N1, W2N2, W2N3,
W3N1 W3N2 W3N3 CK ( H[E] 5K &5 70% + AN it
NE) B EEE A 3 R, ARSI B PR
PR A RK &=, KA H PVC
il Bl *fff/;,%} 20 cm, B 15 cm,/l\ﬁ%%ﬂ‘ 5
mm G {9 K 4 4 ke, BMAGEAC T RANEE 1, A
Bl B A o DA AR, IR SRS AR T
US54, T — RIRBE K, BB 1
PRI, M3t 120 2,
1.2 fEHRUE

FEVSE I A5 S 10 AR SR 0 R A 43 i
FEHAR T ZEHL M T T R SRR R
AR BE, AFERA R EAR AR IR R
FREEFE R L BOM AR R 25 TR A A R 3y 4 N & 5,
TEWSR R A B WU R 3 Bk BS54

F1 2015—2017 EHFEEHRRL T EREMESRE R EEKF

Table 1  The initial nitrogen content and fertilizer level of the soil in experiment during 2015 to 2017
LB R AR S Jiti N 2 ($748) N (putty) /(g - kg™ . s
i iy e e N
ear vi[r)iisl?f% samples/ (g - kg™") High Medium Low (puty)/ (g - ke™) (putty)/ (g ke™)
2015-2016 94005 1.01 0.25(0.12) 0.16(0.08) 0.08(0.04) 0.12 0.16
2016-2017 XL 11 0.595 0.36 0.24 0.12 0.12 0.16

T AT 5 WA R R i SR B I

Note: The data of nitrogen application in brackets indicated the top dressing amount of rapeseed at the bud period.
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Fig.1 Effect of coupled irrigation and nitrogen on yield of rapeseed ( Brassica napus L.)
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Table 2 Harvest index and production increase rate under different treatments

Qb3 FPRL™ e TR RS R AEBAEEL By
Treatment Yield/ (kg - hm™?) HI/(kg - kg™')  Total N accumulation in plants/(kg - hm™) NHL/(kg - kg™') Rate of growth/%
WINI 1784.01a 0.112 405.82 0.233 114.43
WIN2 2031.00a 0.108 372.90 0.290 144.11
WIN3 1850.01a 0.133 234.55 0.383 122.36
W2N1 1044.99ab 0.091 378.60 0.158 25.60
W2N2 1347.99abce 0.098 375.54 0.213 62.02
W2N3 1712.01ab 0.150 257.31 0.356 105.77
W3N1 326.01d 0.048 277.03 0.069 -60.82
W3N2 765.99¢d 0.082 210.79 0.205 -7.93
W3N3 981.99¢d 0.107 249.55 0.212 18.03
CK 831.99cd 0.117 82.15 0.445 0.00
TE 7 R IR AR X B R B 30 bk - hm 72T
Note: Yield conversion was based on the conventional planting density of 300 000 plants -+ hm™ in the region.
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Fig.2 The response of height and stem diameter to different water and nitrogen
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Table 3  The influence of different water and nitrogen on the number of leaves and effective branches

JOSL]

M A %0 Leaf number

Y] Maturation stage

tt i ) o AT R AT R
Seedling stage Bud stage Siliquing stage Available primary branches  The second effective branch number
WIN1 14.33a 24.00ab 52.67ab 9.00a 12.33a
WIN2 13.50a 25.00ab 48.67ab 7.67ab 12.33a
WIN3 15.33a 23.67ab 24.00cd 7.33ab 6.00bc
W2NI1 15.00a 25.00ab 55.33a 9.33a 8.00b
W2N2 13.00a 25.67a 44.00ab 7.67ab 5.33be
W2N3 13.50a 24.00ab 22.33d 7.00ab 2.67¢
W3NI1 12.67a 25.67a 37.33bc 7.33ab 9.00ab
W3N2 14.00a 23.33ab 41.00ab 6.33b 5.33bc
W3N3 11.50a 21.67b 18.67d 6.00b 3.00¢
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Table 4 The influence of the root morphological characteristics of different water and nitrogen

VeI Z5% 17 Qb3 Wi A eS| I
Root morphological index Treatment Seedling stage Bud stage Siliquing stage Maturation stage
N1 636.56ab 1021.60b 1607.13bed 1100.55b
Wi N2 935.49a 1238.00ab 2059.30ab 1070.60b
N3 733.42ab 1699.08a 1818.59bcd 1690.32ab
" N1 308.68h 1080.20ab 1314.68d 1414.86ab
i/ em
w2 N2 554.61ab 1704.70a 2040.19abc 1711.09ab
Root length
N3 432.66b 1401.12ab 2458.33a 1210.01ab
N1 411.67b 1484.95ab 1622.94bed 1663.63ab
w3 N2 305.26b 1319.70ab 1475.63cd 1461.30ab
N3 359.89h 1254.06ab 1664.67bcd 2043.94a
N1 280.23a 341.34ab 482.33a 448.44ab
W1 N2 279.37a 304.06ab 423.66ab 492.19a
N3 237.91ab 388.90a 373.99abc 369.60ab
p . 5 N1 123.77be 340.31ab 311.67bc 422.65ab
AR BY cm w2 N2 192.72abe 372.00ab 411.94ab 460.78a
Root surface area
N3 135.28bc 349.99ab 431.45ab 367.80ab
N1 168.31abc 281.43ab 299.00bc 410.66ab
w3 N2 101.52¢ 311.72ab 248.93¢ 320.76b
N3 122.94bc 255.80a 316.60bc 418.51ab
NI 1.40a 1.10a 0.96a 1.39ab
W1 N2 1.01a 0.79b 0.66bc 1.56a
N3 1.01a 0.73be 0.65bc 0.70¢
Wire, N1 1.25a 1.03a 0.75b 1.04abc
Fe/mm W2 N2 1.23a 0.70bc 0.64be 0.89abc
Root diameter
N3 1.06a 0.80b 0.56¢ 1.03abe
N1 1.28a 0.60c 0.59¢ 0.80¢
W3 N2 1.37a 0.78b 0.54¢ 0.73¢
N3 1.21a 0.65bc 0.60c 0.65¢
N1 9.83a 9.29a 11.52a 16.22ab
W1 N2 6.94ab 5.98cd 7.07h 18.95a
N3 6.20ab 7.10be 6.14bc 6.54cd
e N1 4.13b 8.57ab 5.89bc 11.55bc
B/em W2 N2 6.02ab 6.47he 6.63b 10.11bed
Root volume
N3 3.62b 6.99bc 6.03bc 9.20bed
N1 5.64ab 4.26d 4.39bc 8.37cd
w3 N2 3.37b 5.94cd 3.34¢ 5.78cd
N3 3.60b 4.16d 5.00bc 6.90cd
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Fig.3 The influence of nitrogen content in different part of plant with water and nitrogen
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Table 5 Nitrogen use efficiency of rapeseed
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Treatment NUE/% REy/% PFPy/ (kg * kg™") AEy/ (kg - kg™") PEy/ (kg - kg™")
WINI1 52.41 159.05 8.77 4.68 2.94
WIN2 52.78 214.31 14.97 8.84 4.12
WIN3 36.72 224.67 27.27 15.01 6.68
W2N1 48.89 145.68 5.14 1.05 0.72
W2N2 53.15 216.26 9.94 3.80 1.76
W2N3 40.29 258.23 25.24 12.97 5.02
W3N1 35.77 95.76 1.60 -2.49 -2.60
W3N2 29.83 94.82 5.65 -0.49 -0.51
W3N3 39.07 246.79 14.48 2.21 0.90
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Table 6 Comparison of nitrogen fertilizer utilization ratio in rapeseed under different test conditions

X3 RIBR A 2 RN A= 1 FULA AR SR AL FRA F R B ke R
Region RE\/% PFP\/ (kg - kg™") AEy/ (kg - kg™") PEy/ (kg - kg™") Data sources
ZFEH?T: 94.82~258.23 1.6~27.27 1.05~15.01 0.72~6.68 .ZISSC

This study This paper

ESRN “ti"

KT 3.9~82.6 6.8~26.3 1.1~15.8 5.5~49.1 [2]
Yangtze river basin

mﬁt, 18.8~46.5 - 2.2~9.6 18.37 [20]
Hubei

@Hb 34.1~54.2 8.4~19.4 7.8~14.4 23.55 [12]
Hubei

(TE 17.2~40.7 - 3.8~10.5 22.51 [21]
Jiangxi

|

. 34.61~60.22 15.61~18.92 7.34~10.88 20.50 [22]
Sichuan

YEJ:“Z. 31.28~62.27 - 1.5~92.48 4.80 [19]
Hebei

TE : RAR TR RRTE 180 kg + hm ™ W MU U KT T ARE AT SRR % BUIEAR 24 808 ZUIE A= IR T3 = C R AR

Note: The bold part showed that at the conventional nitrogen application level of 180 kg + hm™, PEy could be derived according to the relationship

among RE\, AEy and PE.

(FT#% 213 1)



