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Effects of water and nitrogen coupling on grain yield formation and nitrogen accumulation,
transportation of oil flax in dryland. CUI Zheng-jun', LIU Dong', WU Bing"*, YAN Bin', MA
Jun', ZHAO Bang-qing', GAO Yu-hong' ", NIU Jun-yi' ('College of Agronomy, Gansu Agricultural
University/ Gansu Provincial Key Laboratory of Arid Land Crop Science, Lanzhou 730070, China;
*College of Life Sciences and Technology, Gansu Agricultural University, Lanzhou 730070, China).

Abstract; A completely random split zone experiment with irrigation as main plots and nitrogen
application rate as sub-plots was carried out to examine the optimal water-nitrogen coupling mode for
oil flax planting in dryland. There were three irrigation levels, no irrigation (0 m® - hm™,1,) , irri-
gation at 1200 m® + hm™ (1,,) and at 1800 m’ + hm™ (1, ); and three nitrogen application
rates, no nitrogen (0 kg N - hm™, N;), 60 kg + N hm™ (N,) and 120 kg -+ N hm™ (N,,,). We
investigated nitrogen accumulation content at different growth stages, nitrogen transport characteris-
tics after anthesis, grain yield and nitrogen utilization efficiency of oil flax. Results showed that the
coupling effects of water and nitrogen application on nitrogen uptake in different organs, nitrogen
accumulation during different growth stages and grain yield of dry land oil flax varied greatly. Under
no irrigation, nitrogen application was beneficial to stem nitrogen absorption at anthesis and maturity
stages, but 120 kg N + hm ™ inhibited it at different irrigation levels. At the 1200 m® + hm™ (1,,,)
irrigation level, foliar nitrogen content at anthesis stage increased first and then decreased with
increasing nitrogen rates, and N, increased foliar nitrogen content by 11.0% and 28.9% respectively

compared with N, and N ,,. At the 1800 m’ - hm™ (I,y,) irrigation level, nitrogen application
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increased foliar nitrogen content at maturity stage, with that in N and N, treatments being 39.7%

and 26.9% higher than N, respectively. The effects of water-nitrogen coupling on nitrogen accumu-

lation in different growth stages of oil flax was mainly shown after budding stage. Under the same

irrigation level, N, promoted and N,, inhibited nitrogen accumulation in each stage after budding.

Nitrogen application increased nitrogen transport rate and contribution rate of leaves and stems under

L1500 and 1,g. The coupling of I, and N, significantly increased the number of effective capsules

per plant and grain yield of oil flax (6.6%—22.8% ), which was a suitable water-nitrogen coupling

management mode in this area.

Key words: water and nitrogen coupling; oil flax; grain yield; N accumulation; N translocation; N

utilization efficiency.
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Fig.1  Average air temperature ( T) and precipitation ( P)
during oil flax growing period.

E: [fi] Early ten days of month; M; Hfi) Middle ten days of month; L.
] Last ten days of month.
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Table 1 Effects of water-nitrogen coupling on yield and its
components of oil flax

b3 LE3 S THHE FPRL = i
Treatment HRAREL Seed 1000-seed Grain
Pod number number weight yield
per plant per pod (g) (kg + hm™2)
Iy No 9.1x1.2d 7.1£1.0b 7.9+0.2a  1044+33d
Neo 12.3£2.0b 7.1£0.5b 7.5£0.6a  1070+70c
Nis 12.2+£3.8b  7.3x0.4ab 8.0+0.3a  1097+46¢
L1200 No 10.10.6¢ 6.5+0.4c 8.0£0.2a  1088+97c
Neo 13.4£2.7ab  7.1+0.8b 7.5¢0.3a  1166+20b
Nix 11.6+£3.6be¢  7.5t1.2a 7.4+0.5a  1153+98hc
Lg00 Ny 11.9+£1.7be¢  7.4%0.6ab 7.8£0.1a  1152+51be
Neo 138£1.2a  7.1:12b  7.8:0.1a  1282:88a
Nix 10.4£2.7¢ 6.7+0.5¢ 7.9+0.1a  1203+113ab
Ui 48" 0.6™ 1.4™ 37.97 %"
Variance N 44" 1.0™ 3.6™ 2.1

323" 45" 3.9 23"

1. #E7K# Irrigation amount; N Jifi%l & N application rate. [F]%1A[F] 5%
RN 2Z 7 B E (P<0.05) Different letters in the same column meant
significant difference at 0.05 level. ns; P>0.05; * P<0.05; * * P
<0.01; * * % P<0.001. F[f] The same below.

analysis  IxN
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Fig.2 N content in different organs of oil flax under different water-nitrogen coupling patterns in anthesis and maturity stage.
S: 2% Stem; L I} Leaf; C: HR Capsule. A FEHH Anthesis stage; B: R Maturity stage. I: HEK & Irrigation amount; N T E N application
rate. A[Al/NE FREFRIR 2 5 535 (P<0.05) Different lowercase letters indicate significant difference at 0.05 level.
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Table 2 Effects of water-nitrogen coupling on N accumulation of oil flax at different growth stages (mg - plant™)

g1 FEFh- i 0] - P-4 AEII-35 ) AR
Treatment So-Se Se-Bu Bu-An An-Yo Yo-Ma
Iy Ny 3.5+0.8e 12.0+1.0e 17.1+1.3d 28.9+1.6f 27.7+2.7
Neo 4.2+0.9¢ 17.6+1.4¢ 48.4+8.6ab 53.4+6.4d 77.3+19.5¢
Ny 6.0+0.2bc 18.8+1.8¢c 42.4+4.7b 62.4+39.2¢ 69.8+2.8e
200 No 4.5+0.6de 12.6+1.6e 34.3+12.4¢ 41.5+12.3e 70.4+9.9¢
Neo 5.3£0.4cd 18.4+1.2¢ 44.6+10.8b 85.4+34.0b 144.2+77.1b
Nis 6.3+0.6b 15.1+0.7d 31.9+5.7¢ 63.8+11.6¢ 99.1+7.7cd
Ligoo No 5.2+0.3cd 17.6+0.8¢ 28.7+3.9¢ 34.5+15.1f 91.9+11.0d
Neo 7.3+0.3a 30.0+£0.7a 53.1+7.1a 90.3+20.9a 175+45.4a
Nis 6.7+0.4ab 20.9+1.5b 42.8+7.3b 41.6x17.5e 113.0+16.5¢
e [ 25.3™ 15.4™ 9.6 4.7" 21.3""
Variance N 16.2** 13.9** 383" " 26.7% " 32.8%"
analysis IxN 4.4m™ 2.5™ 43" 1.4~ 3.7"

So: Sowing stage; Se: Seeding stage; Bu: Budding stage; An: Anthesis; Yo: Young fruit stage; Ma: Maturity stage.
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i, TR PR R BB ERZEN S 32.3%,
I R L RRERL I DTRR R B 25 1R 25.8%
2.5 AREDKEFES T T ERREUIE R 3

H1 & 4 W] A1 JRE KR i 280 A Yl 2 5 e /U R
R (NUE) (ANE AW 2E 7 01 (PFP) (RNEAR 72 41 H]
HK(AUE) FIA R WAk 48 80 (NHI) . Horb ) JE 7K
NUE \PFP 1 NHI 9 5% i 35 B 4 i 2 /K8 il & i
X} PFP  AUE 1 NHI B 5% 1 35 21 i 18 35 7K, 7K x
A E XS AUE 5200 5835 X5 PFP 52 B 3%, 1o
K x it % & XF NUE Al NHI JC W 38 % 0, 9 K X}
NUE BSZIE IR 1,400> 1,000 >1, , 3 T TE KK 6] 1)
EEE N HN i NUE 48 N, 5 6.5% 1 4.9%
VEK X PFP (452 0 5 7K & % NUE (4 52 1w 41
M, g0 85 1o T 15 8.1% 16.4% , 1,0, %58 1,785 7.7%
ZES W E, Ny 9 PFP B 3E & T Ny, B Ny
103.7% . Lg0 B AUE B 151, 51,500 R L, 151396 % Fl

R3 KEBEMHFAREIFIMHEARHEE FIEER AR PRI TR0

Table 3 Effects of water-nitrogen coupling on N translocation amount, translocation rate in stem and leaf and their contri-

bution to grain N of oil flax

Kb 3R 2£ Stem I Leaf
Translocation amount  Translocation Contribution rate ~ Translocation amount  Translocation Contribution rate
(mg - plant™") rate (%) (%) (mg - plant™") rate (%) (%)
I, Ny 0.8+0.1e 37.4£2.5d 22.0+4.4b 2.1£0.3e 62.6+3.0bed 26.1+2.7¢
Neo 2.1£0.2d 48.6+0.4c 19.2+£2.0b 2.4+0.4de 47.1£2.0d 20.0+3.2d
Nix 2.8+0.4bc 66.6+5.0b 31.4+3.5a 3.4+0.5bc 66.8+2.2bc 39.4+7.5a
Liag0 Ny 2.6£0.5¢d 74.7£3.8a 23.5£2.9b 3.7+0.1abc 77.6£7.9a 34.9+7.4b
Neo 2.6£0.4cd 47.7+8.0c 20.5+3.8b 4.3£0.6a 65.5+9.1bc 33.9+11.1b
Nis 2.1x0.2d 53.4£2.5¢ 20.0+4.1b 4.2+0.3ab 81.0+13.1a 40.6+5.5a
Ligoo Ny 3.1£0.1abc 73.1x4.2ab 33.8+6.4a 3.0£0.6cd 77.8+4.5ab 34.5£13.9b
Neo 3.4+0.6a 49.4+3.7¢c 20.5+3.8b 4.2+0.6ab 63.5£9.1bc 25.5£3.2¢
Nis 3.3+0.2ab 65.3+£5.4b 31.2+3.5a 2.5+0.4de 55.0£12.1cd 24.3+4.9¢
T 1 45.3* " " 16.34* 7.4%" 247" 147" 3.9
Variance N 99" 267" 9.2** 56" 83"~ 7.6
analysis IxN 12.97 30.0" " 43" 7.7 4.0" 4.1
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Table 4 Effects of water-nitrogen coupling on N utilization
parameters of oil flax

b3 AL UL D

Treatment FIHRCR )| FIHZE INEIRi
NUE PFP AUE NHI
(kg-kg™) (kg-kg™') (kg- k™)
I, N, 26.320.4d - - 0.420.1¢
Nego 28.3+0.8cd  17.8%1.2¢ 0.4+0.6¢ 0.6£0.1h
Nix 28.4+2.1cd 9.1+0.4d 0.4+0.7¢ 0.5£0.0bc
La00 Ny 28.5+0.5¢d - - 0.520.0be
Ngo 30.2+0.1abc  19.420.3b 1.3£0.7b 0.6£0.3ab
Nix 30.0+3.8be 9.6+0.1d 0.60.2¢ 0.6£0.1h
Lg00 Ny 31.3+1.1abc - - 0.5£0.0b
Neo 3.0:12a  214%03a  22:0.6a  0.6£0.1a
Nis 31.9+1.5ab  10.0+0.3d 0.4+0.3¢ 0.6£0.7ab
VE-VE 3457 248% 37" 150"
Variance N 57" 527%F 103" " 184"
analysis  IxN 0.3™ 9.0" " 39" 0.5"

NUE: N use efficiency; PFP; Partial factor productivity; AUE; Agro-
nomic use efficiency; NHI: N harvest index.

197.1% , Jii& =X} AUE (520 5% PFP (1) 52 —
, PIHKAFIA NHT 25 R 8% HEES TA
FEIK (1) 100 P T oo B2 1,180 22.3% F01 13.7% , Jiti 8%
NHI 520 5 K AL, Bt 280 ( N BT N ) BEANiTE 2R
(Ny) 5 24.9%F 11.2% , 7 UL, #EZK Rt 2 ik b 35
S NUE , 7K x it 0 & 2. 3552 1 PFP #il AUE, X}
NUE FI NHI JC i & 506, NUE BEJE /K & (38 i 7+
5, NUE I NHI B e 0 & 19 3% n 2 T & 05 F B,
PFP 1 AUE FifiJit 2 B3 i T J

3 i

IKFTAE S AL A PR AR PR B R E | 2
AT LR I P R B B R R it , I ELK 43 F1 35 43 X
VE A KAFTE R A S R 2 ARIFgT LB, W
KR it 2R S 2 S A SRR o, R G A
FERl— T EKE T, S RRFF AL ™ it BV /K o 9 15 m
TGN, 76 R —HE AR SRR ™ f B it 22 i
3G Je Tt w5 T B, ZEARRIE KK R, Ny 3
N M= 2.5% ~11.2% ; 76 Ny KT T8 T 500 1 T 400
I3 U 8.2% F1 16.5% ; H KR B AT 5508 L BBt 25 it
R AN SEHE NG TR N KT, T, g0 B2 1, 835
BN 12.2%, X 5 4 BRI I 5T 45 R — L
VRE 7K ORIt 2800 5 JRROFT L 7™ o R R 5 200 3, R
JEF K ERE AP = 1 R A PR e AR SR g 1) 1
PR, 8 HE TR O6 A VR R ER O e A
BEE AT A K S R IR RS A BT
T IR B A 3583 SR B0 SR 5 ) 348 i, B X S BB
7 T e 7K B T ARV T 5 JRR B A A5 R AR

kPR

it A4 T A2 AT - SEE A D P AR 2=
AIPERTT sz i B R R IR N 2 5 & Fh A e B
JS7, TR R A [ B R 0 v R 2 it A ) R
W RS W E — 1 B P bR AR ik
e A G Tt 0 ) T T R A e it 2
S M FEEARAR R 2 % i, T A R B R R R
Do B R AL ek i 5 AR ST R B, W RRAE I
BN [ B R R A R IS TS R T
B Noo K, B AN [F] 25 B 0% e R /K 4 1
REIEE N o A AL e 3 v BCR B Rk
[ X R s AR R N R TR RS % A
—E MM Kibe 5517 WFFEIN N 35 FL A £ 3%
7K 3 R R38N A2 7 ek R 2R R OOk R K
RWERAER, A BRI, TR
(1) 13K G 2% A 22 5 W BB 202 1 T AR i
ABESE T, B I 0y | 9 K 55 it e ) (. 252
AR R, HEH R %, R AR E (150Ng)
AEEAT R TIRR S A B IR AR R, [k
ST IURZEF R ARz BB UL Ny i,
B8 N, BN 2300l 5 2.3% ~26.6% F1 1.0% ~65.8% ;
IR (1) AT ZEFTRRIE AR LD N b Pl bR e,
TR (Lo Tl Lo ) A5 FE R B G2 AL N ARSI, X
) R e L e o NI A RN GRS
fo e | RIS LA KOK B G AL BEAN TR G, i
Fr TR R FERERL AR 1 TTHRAE LA 100 B, 20 01148
Ty 1 10 75 28.19% F11 29.8% , FPAMGTHE K 14 ] T
JRI R R A RL A A% T e R K i S A T
M R R R RS, X S R AR AR 5T
GOR—H,

& I AE RETE 4 w5 1 ) EE ) 3 aod AR )7
FNE R TR F R TR el A=,
IKGFFIFRIT AT o3  VEPIRS TR 53 B 328 5 F R
FHFRARASE T LK o, H R IR BCAEAR AR |
P 2 HEAH A R WO IR R KRR
A B PG K ( Citrullus vulgaris) Y i ( Lyco-
persicon eseulentum ) SRR RCR, Ho K
BEPRORR T RNE o AHTFE R, FE KR it 2
F M BACH AR RAE I A7 g REAR A
RMAEMHARE, mHsaE s LRI R,
IR A B LR A, TR 3R K
R T 2 B T A B R R £ AR A
T ARG A B R a # . ARWF 5T A B, Rl — K
IR BUIE i A= 7 3 i R AR 27 1) 236 i it 2



916

B A

i 31 &

ARSI R [ — it S0P 1 BT 7K 2 f) 3 i
BN, X R AR MRS A R 2,

IR £ Sk 25 5 WA SRR 7= 2 M A T

TR K < IRtk 35 52 e RNE A 280, K B A i i
PSR ESRASE T AR R R LA
LI BT R A i I I 56 S5 2 38 A IR 114
WEFERON . LA R RRORFRL T & AN AR B B B
AEMRE EEREHARER R BRI K
XRFARE Y DT 3 A UIE I S50, 78 B vh 8 4 s
e 5L P g YR AR X [A) B 7 - HEA AT A ppR A
, JEZK 1800 m® + hm™2(4EH] 900 m® « hm 2 +3 i
11900 m* - hm™) Ji % 60 kg - hm™>(2/3 fE H %
B, 1/3 T E07E WIAE G ) S RE % 30 o ™ A s AL R
I FRCR 1 7K S B

S 30k

(1]

(3]

Cattivelli L, Rizza F, Badeck E, et al. Drought tole-
rance improvement in crop plants: An integrated view
from breeding to genomics. Field Crops Research, 2008,
105 1-4

T, o, RAEAK, FORAMB XL NER
R L7 B SR HEREDLA TR ~A 4, 2017, 35
(5): 440-447 [ Qin S-S, Hou Z-J, Wu Z-D, et al
Effects of water coupling on nitrogen absorption and yield
of winter wheat. Journal of Drainage and Irrigation
Machinery Engineering, 2017, 35(5) ; 440-447 ]
B, R, EABL, . RN AR BN
e e R DS K S (U e Sl 2 B SO S A o
2016, 24(7) : 845-852 [ Zhao Y-N, Wang K, Wang J-
R, et al. Wheat grain yield and nitrogen use characteris-
tics under monoculture and intercropping with different
nitrogen fertilization rates. Chinese Journal of Eco-Agri-
culture, 2016, 24(7) . 845-852]

Zhu 7L, Chen DL. Nitrogen fertilizer use in China con-
tribution to food production, impacts on the environment
and best management strategies. Nuirient Cycling in
Agroecosystems, 2002, 63. 117-127

T, TR, AREER A IR B0 T P E AR 46
FEE T LW 23 B0 -5 7K 20 RTS8 B . v 1 A
Db 2E4R, 2016, 24(12); 1623-1632 [ Feng M,
Yu C, Lin L-G, et al. Effects of water and nitrogen fer-
tilizer on biomass distribution and water use efficiency of
alfalfa ( Medicago sativa’) in Hexi Corridor. Chinese
Journal of Eco-Agriculture, 2016, 24 (12). 1623 -
1632]

BAEIR, S, EAR, 45 KERE G SAAe 85 X
ZRUNVE DX KOGA AR TR T 9 5T R B ARAE Y R 755 4K
B PEARRE, 2019, 52(3) : 428-444 [ Wei T-
B, Chai Q, Wang W-M, et al. Effects of coupling of

irrigation and nitrogen application as well as planting

[7]

[10]

[11]

[12]

[13]

[14]

density on photosynthesis and dry matter accumulation
characteristics of maize in oasis irrigated areas. Scientia
Agricultura Sinica, 2019, 52(3) ; 428-444]

W, FIGH, IR, 55 K ARG N R F K b
AN T BB R o™ i i R . A A R
2018, 44(11): 1694-1703 [ Zhao C, Wang Q-M, Guo
Y, et al. Effects of water-nitrogen coupling patterns on
dry matter accumulation and yield of wheat under no-till-
age with previous plastic mulched maize. Acta Agronomica
Sinica, 2018, 44(11) : 1694-1703]

REM, AR, BiKsE, % TR E RS A
Xof PR AR 28 MR Bk AL P 35 P B S . /W) 2 4
2016, 42(10) ; 1495-1505 [ Xu G-W, Lyu Q, Lu D-
K, et al. Effect of wetting and drying alternative irriga-
tion coupling with nitrogen application on root characteri-
stic and grain-sink activity. Acta Agronomica Sinica,
2016, 42(10) : 1495-1505]

Wang Q, Li F, Zhao L, et al. Effects of irrigation and
nitrogen application rates on nitrate nitrogen distribution
and fertilizer nitrogen loss, wheat yield and nitrogen
uptake on a recently reclaimed sandy farmland. Plant
and Soil, 2010, 337 325-339

Yan B, Wu B, Gao YH, et al. Effects of nitrogen and
phosphorus on the regulation of nonstructural carbohy-
drate accumulation, translocation and the yield formation
of oilseed flax. Field Crops Research, 2018, 219. 229-
241

BELLHE, W e, Jr TRk, A TEBR I A HEBE S ) %)
WRRTT K R PN R R S . R E 4, 2015, 29
(4): 812-819 [ Cui H-Y, Hu F-L, Fang Z-S, et al.
Effects of irrigation amount and stage on water consump-
tion characteristics and grain yield of oil flax. Journal of
Nuclear Agricultural Sciences, 2015, 29(4) : 812-819]
PR, RIT, AR, AR JKHEREG X A A R
BRI P i R B 0. 5 RO WY
2016, 34(2): 69-75 [ Gao Y-H, Wu B, Niu J-Y, et
al. Effects of water and fertilizer coupling on nitrogen
content, grain yield and quality of intercropped oil flax.
Agricultural Research in the Arid Areas, 2016, 34(2) .
69-75]

TR, BN, AUIE, S AL B AN R it AT
SR REAT RS KON TSR A TR 3 . R
2#4l, 2012, 26(1); 129-134 [ Wang G-L, Li L-K,
Hao M-D, et al. Effect of long-term fertilization, stubble
mulch and irrigation under different fertilization on soil
enzyme and soil nutrients. Journal of Nuclear Agricultural
Sciences, 2012, 26(1) ; 129-134]

wkEEE, TioT, e, . mLEmEETRXA
A AL XS bR AE R 20 ) F R B SR L A
A2, 2011, 22(10) ; 2635-2642 [ Yao Y-B, Wang
R-Y, Yang J-H, et al. Effects of climate warming on oil
flax growth and water use efficiency in semi-arid region

of Loess Plateau, Northwest China. Chinese Journal of



34 FEBUZEAE . K ER G X SRR 5 5 A6 5 AR P R 18 1 52 ) 917
Applied Ecology, 2011, 22(10) ; 2635-2642] jing: China Agricultural University, 2018 ]

[15] HEECE, mEL, 2, . KRG 2K 7 i (23] ke, ZRLL, Aihs, 5. AKHEHREE XI5 M
23 A 5 RRFE K R R R R . A AR, BB IR RIE 5. HEEHEK 240, 2015, 34(5) :
2019, 33(2): 398—411 [ Cui Z-J, Gao Y-H, Yan B, 85-90 [ Wei X-N, Jiang J-H, Li J-H, et al. Effects of
et al. Effect of water and nitrogen coupling on spatial and water and fertilizer coupling on flue cured tobacco leaf
temporal distribution of soil water and water consumption area accumulation. Journal of Irrigation and Drainage,
characteristic and grain yield of oil flax. Journal of 2015, 34(5) : 85-90]
Nuclear Agricultural Sciences, 2019, 33(2) ; 398-411] [24] ftREME, EWIE, BE%e, & ASRIKEHE X KR

[16] REMEAR, BEENE, ZAR, 5. RNz 7 X 55 i /N A2 A WAL AR 7 i 5 AR B, £l TR
PRFEAR S =t 0 SR 2 . VRS9 244, 2007, %, 2015, 31(10) ; 132-141 [ Xu G-W, Wang H-Z,
33(4): 590-597 [ Lu Z-G, Dai T-B, Jiang D, et al. Zhai Z-H, et al. Effect of water and nitrogen coupling on
Effects of nitrogen strategies on population quality index root morphology and physiology, yield and nutrition utili-
and grain yield and quality in weak-gluten wheat. Acta zation for rice. Transactions of the Chinese Society of
Agronomica Sinica, 2007, 33(4) : 590-597 ] Agricultural Engineering, 2015, 31(10) ; 132-141]

[17] %, 224, RI6k, &5, SR/ RSP R T s [25]  Bidw, AOUIEE, sk, A5 B vy JoU 5 R it AT
BT SRR AN BRGS0 R 2 4 Xof /INAZ TR MR R HEAE T B S0 A SR S
2015, 37(4): 489-497 [ Yang P, Li J, Yan B, et al. Bl2EAR, 2007, 13(2) : 230-235 [ Chen L, Hao M-D,
Effects of applied nitrogen on dry matter accumulation Zhang S-M, et al. Effects of long-term application of fer-
and oil flax yield in flax/soybean intercropping system. tilizer on wheat nutrient uptake and soil fertility in Loess
Chinese Journal of Oil Crop Sciences, 2015, 37 (4) . Plateau. Plant Nutrition and Fertilizer Science, 2007, 13
489-497 ] (2):230-235]

(18] wBUe, BOF|, PRI, 25, PR & il 20 B ) o [26] #mWAak, SK/NRE, XI5, 5. THREAEUFIK 73 0 #2060
SRR ZEFFHUEI ML RE K7 i B2 M. o A 2 AR 2 VRS S Y/ G BN Y SE P WA S VLA
Rk, 2015, 23(5) : 544-553 [ Gao Z-N, Zhao L, Guo TEMI244R , 2019, 45(3) ; 443-459 [ Yang M-D, Guan
L-Z, et al. Effects of irrigation and nitrogen fertilizer X-K, Liu Y, et al. Effects of drip irrigation pattern and
rates on oilseed flax stem lodging resistance and yield. water regulation on the accumulation and allocation of
Chinese Journal of Eco-Agriculture, 2015, 23(5) . 544— dry matter and nitrogen, and water use efficiency in
553] summer maize. Acta Agronomica Sinica, 2019, 45(3) .

(197 B, S4s, AR S0, 5. il 05 X 5 1l R 5% 43 443-459]
TR Feiz K A F AR5 . b =i oBHE 2 [27] Kibe AM, Singh S, Kalra N, et al. Water-nitrogen rela-
i, 2014, 36(3) : 357-362 [ Xie Y-P, Wu B, Niu J- tionships for wheat growth and productivity in late sown
Y, et al. Effect of different nitrogen level on nutrients conditions. Agriculiural Water Management, 2006, 84 .
accumulation, transfer and nitrogen utilization efficiency 221-228
of dry land oil flax. Chinese Journal of Oil Crop Sciences , [28] BT, WR=EE, BRSAG, 5. AS[A)VEBEAL FEXT 5 &
2014, 36(3) : 357-362] KRR Wl K e % i 5 . v AR 2RO 2 I

[20] Bk, WWE, 4~/NEE, 5. sl R B A O 2011, 19(2) ; 293-299 [ Miao W-F, Chen S-Y, Shao
AR F B AR R . IESEY, L-C, et al. Effect of irrigation on nitrogen uptake and
2017, 6(1): 32-38 [ Wang B, Xie Y-P, Niu X-X, et translocation in summer maize. Chinese Journal of Eco-
al. Effects of nitrogen fertilizer on physiological determi- Agriculture, 2011, 19(2) : 293-299 ]
nants of seed yield, quality and nitrogen use efficiency [29] Brennan RF, Bolland MDA. Influence of potassium and
of oilseed flax. Soils and Crops, 2017, 6(1); 32-38] nitrogen fertilizer on yield, oil and protein concentration

[21] ZRE, ST, BhERE, 25 Z BT 55 kR of canola (Brassica napus 1.) grain harvested in south-
YRR B UL = 5 . A A 2E iR, 2017, 31 western Australia. Australian Journal of Experimental
(5): 996-1004 [ Wu B, Gao Y-H, Xie Y-P, et al. Agriculture, 2007, 47 976-983
Effects of nitrogen application combined with phosphorus [30] 2Z=tis, FBE, ZE8R, 5. Ko mEIEEEX /N
on dry matter accumulation and seed yield of rain-fed & W E WIS AR b ARk, 2001, 16(3) .
flax. Journal of Nuclear Agricultural Sciences, 2017, 31 86-91 [ Li S-J, Zhou D-X, Li J-M, et al. Effect of dif-
(5):996-1004] ferent nitrogen application on yield, nitrogen distribution

[22] K. B b7 B8 oK EUR & 3500 M A 3R] R AL and utilization in winter wheat under soil water stress.

HAEE. WA e s dbat, P E R K 2E, 2018
[ Zhang J. The Coupling Effects of Water and Fertilizer
and Its Rational Utilization Mechanism on Potato in the
Northern Foot of Vinshan Mountain. PhD Thesis. Bei-

[31]

Acta Agriculturae Boreali-Sinica, 2001, 16 (3) . 86—
91]

A, B, Bese, % Bb FAME K Z B AEXT
PO 0T B P B T 5 8



918

B A

23

i 31 &

[32]

[33]

2015, 26(12): 3715-3722 [ Du S-P, Ma Z-M, Xue
L, et al. Interactive impact of water and nitrogen on
yield, quality of watermelon and use of water and nitro-
gen in gravel-mulched field. Chinese Journal of Applied
Ecology, 2015, 26(12) : 3715-3722]

KR4, BETF, BHR, 55 KEHS X HOtEE
At AN K R R AR, b AR,
2013, 28(4): 174-178 [ Mi G-Q, Chen Z-F, Zhao X-
B, et al. Influences of different water and nitrogen appli-
cation on yield, WUE, and NUE in solar greenhouse.
Acta Agriculturae Boreali-Sinica, 2013, 28 (4) . 174~
178]

R, kBT, XUE, A R EIEFEXE /NI SR 5 )

W AR AR B ™ B B SR, v A 25 ARl 27
2, 2017, 25(6) : 821-828 [ Gao N, Zhang Y-L, Liu
Y, et al. Regulation effects of irrigation and nitrogen fer-
tilization on nutrient absorption, water/nitrogen use effi-
ciency and yield of rape. Chinese Journal of Eco-Agricul-
ture, 2017, 25(6) . 821-828]

1EE BT

WEE, 5, 1988 454, Fiwiod:, EENE

TEYFE B 5 E L ASAISY . E-mail ; 987437555@ qq.com

RIEHmE KR

TR 2# CFIR RS ) AR (OSID) .

BEELAS, XIHR, REG, 5. RERES X SR B S LR R R R R /. A4, 2020, 31(3) : 909-918
Cui Z-J, Liu D, Wu B, et al. Effects of water and nitrogen coupling on grain yield formation and nitrogen accumulation, transportation

of oil flax in dryland. Chinese Journal of Applied Ecology, 2020, 31(3): 909-918



