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Effects of Water — Nitrogen Coupling on Nitrogen Uptake and Nitrate Accumulation
in Soil of Oil Sunflower in Drip-irrigated Multiple Cropping System
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(1. College of Water and Architectural Engineering, Shihezi University, Shihezi 832000, China
2. Key Laboratory of Modern Water-saving Irrigation of Xinjiang Production and Construction Group
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Abstract; In order to understand the effects of water — nitrogen coupling on nitrogen accumulation,
transportation and distribution, absorption and utilization, and dynamics of nitrate accumulation in soil of
drip-irrigation multiple cropping oil sunflower in Shihezi area in the northern Sinkiang, based on field
experiment, and combined with laboratory experiment, local early maturing variety “new No. 5 hybrid oil
sunflower” was taken as test materials, and a three-level complete treatment plot experiment of two factors
of water and nitrogen under drip irrigation was conducted. Results showed that nitrogen accumulations of
all organs of drip-irrigation multiple cropping oil sunflowers of different water — nitrogen combinations were
centered by blades at earlier growth stage and by flower disc at late growth stage. Water — nitrogen
combination had prominent (p < 0.05) or extremely prominent (p < 0.01) interaction effect on
accumulation, distribution, transportation, absorption and utilization of nitrogen and production of oil
sunflowers of all their organs at each growth stage. Appropriate water and nitrogen augment ( pure

nitrogen amount no more than 232 kg/hm’ , irrigation amount no more than 3 000 m>/hm*) can promote
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effective nitrogen accumulation of each organ of oil flowers and transportation and utilization of nitrogen of

oil sunflowers, thus the goal of high production of oil sunflowers was realized. Water and nitrogen

coupling significantly affected the nitrate accumulation in soil. With the increase of nitrogen application,

the accumulation amount of nitrate in 0 ~ 80 c¢m soil layer was increased; with the increase of irrigation

water, the nitrate accumulation of 0 ~40 cm soil layer was decreased, and that of 40 ~80 cm soil layer

was increased ; after harvest, with the increase of irrigation water and nitrogen application, the relative

accumulation of nitrate in 40 ~ 80 c¢m soil layer was increased, and that of O ~40 cm soil layer was

decreased. Combining production of oil sunflowers and performance of plants absorbing and transporting

nitrogen, the best nitrogen increase in faceplate was 2. 16 g/plant and yield was 3 597. 11 kg/hm’ | the

best water — nitrogen combination of this experiment was irrigated with water of 3 000 m’/hm’ and

irrigation with pure nitrogen of 232 kg/hm’.

Key words: oil sunflower; drip-irrigation multiple cropping; water — nitrogen coupling; nitrogen uptake ;

nitrate accumulation in soil
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B ,HME 16 mm, BEJE 0.3 mm, ji% =k [H] BE 30 cm,
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J3E | 20 3 14 B IS e % R 6 SRR R S 4R
34K 162,232,302 keg/hm® (43 B AFRiC M N1,
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TR SE B30 A 2 100 .3 000 ,3 900 m®/hm? ( 435Il 45
W W1 W2 W3, KRRk oK k) i 8
DA IR — A FOE A SR NEAE W 56 1 IR K B —IR
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Tab.1 Irrigation and fertilization treatments of multiple
cropping oil sunflower at different growth stages
HH W HEARREL MIEWRE IRE LB %
W07 -11—08 - 10)

1
BRI (08 —11—08 -27) 2 2 50
JFAE11 (08 —28—09 — 10) 2 2 25
WS (09 ~ 11—09 -27) 1 1 25
R (09 —28—10 — 12)
AEFW(07 -11—10-12) 6 5 100

1.4 MWEmMBXRAE
L4.1 AF#E Ty R ke S wEE
TEAAE BEVE IO S ST 3 BRAE bR, O 1
o AR AT S (R ) 2 AR ICHY
fREF IRIETA T A, 76 105CRTE 1 h, =
80°C T =R 1H A , W AN PR HL B &, T4 it
BAAETIIE LR, #48E THRRTES 2 H,S0,-
H, 0,17, R A G H s e 2R o i,

1.4.2 BRI L8570
R B IR Ry 1 m, AT 5
M ZEA R AR B B B R A, BIRR AT BT AR
IR TJFAEBIR ESR IR U AR SR IR L 6
UK, A B 35 Ay T R S P R Tl 2R A AR (]
B A R 435102k 0,10 .20 .30 .40 .60 .80 ,100 cm,,
TIEHAA (NO; -N) Mg AR (NH-N) & &
FFH SmartChem140 4 [ 4k 24/ Hr 20 Il
1.4.3 RIrkS5H
AT B AT, AR SCHER [ 20,22,28 ] 7 LA
TiEAR,
WwEERRAME ()
My =DC/100 (1)
X D—E TY i, o/ 1k
C—HELASE, oK
R E (g/ )
T=Mpy —Myy (2)
X My —IHEE & E 2R R, o/t
My — 5 4 B A R, o/ 1k
iz (%)

P, =M./M x100% (3)
Kb M—Hz i, o/ bk
IR (% )
Py =Mq/ My x100% (4)
AP My— RS ERAR R, o/
Mo —HIR AR BB, o/ Fk
AERE R i
My = Myyy — Mgy (5)

AP My — AR 2 R R
My — TP EAE R 2R R
R A R A 0 SRR (kg/hm?)
Savos =hySyo; /10 (6)
Af h—1 2R, em
y— TR E, g/ em’
SI\'O; — AR S =, kg/hm2
TS RN R (%)
Sknos =Ssavos /Saanos X 100% (7)
A SSANO{ — LR B kg hm’
S oy — AT RS BB kg/hm’
BE R Excel , Origin I SPSS {4 it 17 4k P
S5
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Fig.1 Cumulative N in leaf, stems, faceplate and plant of different combinations of water and nitrogen
K2 AEA4EEHEMH . EFEEENERENE
Tab.2 Nitrogen distribution of leaf, stem and faceplate at different growth stages %
e A FEAE HEH I B
i Ey s FigE e Evi e i Evis 15 A NS e
WINL  95.82°  3.04 1.14> 59 44° 6.34" 34,218 30.57° 2.59° 66.84°  4.35% 1.08" 94.57°¢
WIN2  91.57"  6.57¢ 1. 86° 58.39*  15.40°  26.21"  23.42¢  4.88" 71.70° 6. 84¢ 4.10° 89. 07"
WIN3  96.18°  2.87% 0.95" 67.84%  17.13¢  15.03>  18.42° 4.37°  77.22°0  6.94¢ 3.87¢  89.18%
W2N1  96.02°¢ 3.87" 0.10* 59.54*  26.24"  14.22¢ 7.13% 11.84"  81.03"  3.89° 3.87¢  92.24%
W2N2  89.71" 6.90°¢ 3.38° 64.58™  17.39°  18.03°  22.22¢ 7.90¢ 69.88"  5.65% 3.67°  90.68
W2N3  92.830 2 g4 4.32! 63.23"  16.08¢  20.69¢  17.20° 6.20° 76.60¢  5.09% 3.23b 91. 68"
W3N1  93.91¢ 1.84* 4. 24! 70.21°¢ 4.06° 25.73"  15.19" 2.61° 82.20"  4.94% 0. 49° 94.57¢
W3N2  90.69"  4.74b 4.57¢ 70. 72°¢ 8.95¢ 20.33¢  13.66"  6.91%  79.43% 5 75b 2.38"  91.87%
W3N3  87.01*  10.22¢ 2.77%  65.68%  12.59¢  21.73¢  21.68¢  7.02¢¢  71.30°  5.65" 3.73¢  90.62%
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AEFEARXTALAG , FAB Ry 0. 09 g/ #, HoAt 4 AL T rh
SEKF, UL AN [ K R4 FEAS [R) R B L S 3 5
M A B, RSB KA e 5 A
RE AR 22 I R 0 2R IR A
SRR R I 2R SRR A 1b R, 7545
MEFWM I RME 2 PR, BREHE 2R, A
[FI7K B A I ZE 2 A S I BT,
HIZEH X R R TR o AL EH S
M a8 B AR AR AL, B 238 A A B 0 2 e il 2
Ak FEFF 4G 5 R, HABE [ Ry 0. 03 (W3NL) ~
0.40 g/FR(W2N2) , B KEN/MRIRFE I N AL
FESIN A BLRE I . IR AN SZ BT AR AT
FTlZEE T AR B R R ORI A, eI 5 254
2RBHBE ML W, 1852 F)K A AL F Y
WERM (p <0.05) , W2N2 Zh P EFF 2R R
HIES M ET YR E &K, 7324 0.06.0. 40,
0.22.0. 10 ¢/kf, 7EMZIY], WANT F1 WINT 4b B &
%, A7 0.01 g/kkF10.02 o/, W2N3 5 W3N2 4b
AL T SO, 2R S REEY O 0.05 o/fk, HiA AL
FHABRT R , B AN [R] K /20 b B 25 FF 4 A0 2R
RS SR 3 it U (IR AN T 22X R R 1Y
W, T K A 2 A i R R R T I 33, 1 HL
P ZEFF X AR R, W2N2 fe i 4 T 25 FF 1 A&
THZEEMAE A 2 A R E Le PR, 7545
MBI 2 PR, FTLVE M, ARFK
RAG ML A B E WAL TR RN
TR B OREMKI R - U ER] T AE
BB, S AT AR SN B, 2 R R BUEAR /D,
HABVEFE R 0. 001 (W2N1) ~0. 03 g/kk(W2N2) , FF
G PERE R ZE AR AR K e, i i FZE R AR
R LA K ZK R A A B g B 3 (b 2/ R
P TR, B AL 8 2/ R R
1.44(W2N3) ~2.57 g/ BR(W2N2) , [d]—LE AR ANR]
KRG P [ A o P22 7 (p <0.05) , S0t
FFZEFF A R E -, W2N2 e HE e A B
R4 A F W S T A AL, 43515 0.03
0.41.1.90 2. 58 g/ #%, 7E A2, WINT \W2N3 5 WIN3
ST, 735100 1. 52 1. 44 1. 54 o/ Bk, Ui 7K &
JC LEAS G 3 R il b 25 it e FZE R AR AR ALY
Fis A K Ae B H S AR IR
MR 2R BB ENE 1d iR, AFREE
Wit R ZERF ARSI R R A BCIE BL AN ER 2 BN, 45
MU R EAY T E S sy eI PN i N = R B K M oy
B AR 2 A R E N 157 (W2N3) ~
2.84 g/PR(W2N2) . MIMZEI i ZEHF S AE S AE A

A A= B B AR o B R ] AR ZE M 25 2R B
9, I ZE R R RS A R SR O 2 (HR S A
DA o £, ZEFF AR B EM BT A, 0
AR R RR, HEKRHEL2A R
A1) 87.01% ~96. 18% , it AFFAE I, I 4f 2 T
TR ZEFF R B E N R —E
Th FEF A 2R R R R E A R
TR 4. 06% ~26.24% , - AE G 28 T K, 4R
SHEAETEARE IFFRF TR %, i i 525 R
RE MR A &, ML AEEZ M R 52/ A
BB R B E —H LT, BV 4
REBEHEHRMELABREN 89.07% ~
94.57% o A[RIKE LA AL B0 ZE A A A= F Y
TR R R R R 5 B 2K (p <0.05) .
S ZEFFRIAE AL 4 ) B R R B, W2N2
PR 2R B ETES AT MY R, 725
$70.88.2.29 2.72 2. 84 o/kf, TEMBUY, WINI Al
W2N3 A%, 70510 1. 61 1. 57 o/ , FoAth b FHAH X
BAR, BEHT A /0 A T Il A AR A K Y
oK, A 2 22 S A AR o) 20 2R A R A, T 7K
/DR B AR o B A R AR K
W2 AR R WAL, RERA, HILH
A IS KBRS A R TS A R AR Bl
FIFFIAK
2.2 REHIESWREH AT KEEBE RN

T s it i AR A B R AR
A6 B 12 DL T RER I B, i SRR R R
B3 I 0 B R 0 A T 25 10 7 8 FD SR, A0 BT R[]
KRB FRRT i ZE2FF ) 2 R L8 i 558 %
DL AE 454 B 38 e A e, S5 AN EE 3 TR,
F 2 RT UL R TRI K UL A 10 5 25 T 16 3 2 s b i
R AR a5 W & T 255, R
s R EIY 0.48 ~ 1.32 /b, s I Hl
82.97% ~ 89. 16% , L FF 1 8 |y [l 0 0.02 ~
0.29 o/ k, 18 KL R 50.68% ~73.85% , X5
TZE AT R R ORI DA ol 24 6. AR
KEAGTEM R ZEH 2R a s B s
RN |7 A T AR R B K
fEAC(WINI \WIN2 WIN3) fi1rp 7k (W2N1 , W2N2 |
W2N3) Zb BN it fr ZEFF G is & AR R AN
SR R A R IO AR [ — T K SR Bl A it S A 1Y
T 553K S B AR A, m K (W3NT, W3N2 |
W3N3) b BT, Bl 5 it 20 32t A 385 0, A6 2 1 4 U3
Tt 8 AU L 100 BH 3 Y 1% 1 it 280 X AR AR G 2R
FIRMOR ™ 1 TE A PR T, AH Y 3 e 1 i
Z MR AR . R (WINT  W2NI \W3N1) Fil
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R (WIN2 W2N2 \W3N2) b3, it ZE P fe i
i AER A E NI A R R IO TR R — R 5
T, B K A3 I S e KR R 3
(WIN3 W2N3 \W3N3) 4 BT, 78 4 69 4 00
R e Bt T K PR3 T e = A DD, D I 2 1Y

SN K A R LA R AR R X R AR B IR R g L L
YK A1 2 SO AT R BRCR . K
ERP AR eIz ARk 2 R e b B A T T A
T i 25 s 8 3 P AR, A W2N2 AR BT i 5%
A TR R B RCR e

®3 KEWBEMHAMEFERKZ LELRIEMER T~ ERFME

Tab.3 Effects of water — nitrogen coupling on nitrogen translocation of leaf and stem, and N increase in faceplate and yield

e Lol Evis TER A it/ PR/
s B/ (g bk ") WiB 2/ % st/ (gt ") iz R/ % (gt (kg+hm~?)
WINI 0.53" 88. 28" 0.05" 72. 644 1.18® 2783.52¢
WI1N2 0.76¢ 84. 77 0. 164 65. 42" 1.38" 3386. 18"
WIN3 0. 66¢ 84. 47 0.13¢ 65. 67" 1.37% 3013. 84
W2N1 0.57¢ 87. 80" 0.21°¢ 72. 50 1.73¢ 3 066. 27
W2N2 1.32f 89.16° 0.29f 73. 854 2. 16" 3597.11°
W2N3 0. 654 89. 06" 0. 14 72. 724 1.20° 2818.79*
W3N1 0. 48° 82.97° 0.02° 70. 70 1.67% 2720. 00°
W3N2 0. 64¢ 84.91%° 0.05" 50. 68° 1.61¢ 2770.79*
W3N3 0.92f 88. 78 0.12¢ 61.33" 1.53¢ 2 840. 63°
7K 784.25 26.31" 308. 96 ** 346.33 117.24* 7.58 "
A 2520. 04 ™ 3.88" 71.87* 160. 27 ** 88.93 " 9.17 "
K x4 1386.99 ** 18.16* 72.81* 87.07 76.20 ** 3.54*

H: o FRTE p <0.05 KPR, #+FRTE p <0.01 AP %

2.3 TEESRERIEX KRB E BN

X HE S RIS & LR B R IR A A R R
Mr I 2) , T HE S 25 2 8 0 ~ 40 em £
2 R ZEXS SR 4 I E R Z . AFRKE A G
0~40 cm( & 2a) 40 ~80 cm( & 2b) TSR &
g AT R LI TGS, 247 W
0~40 cm HHE T HEM AR R BETLHE N 67.78 ~
474. 38 kg/hm2 40 ~80cm FETHEMASREH
JEFE A 31. 12 ~290. 62 kg/hm® , FFAEIIET - 33 As A
FUH P EBUE  PHZ RBUR Ik 474,38 kg/hm’, B
JZLLTF 40 ~80 em ZEFHR IR 290. 62 kg/hm’

AFIK AL A AP ISR R B R

h

500 -

AW INI
ZWIN2
450 SWIN3
EWIND
o~ 400 N
= CIW3NI
2 350 EW3N2
P EIW3N3
< 3007 N I
N 2
i W .
=2 X] ms g
> 2501 N K F N N
® 200 N N N
% N B N heroN
£ \ \ \
: \ \
\ §
0 )
B TFAE) HEHA) JREA
HEEHW
(a) 0~40 cm
K2

FRMA(p <0.05) o JMZEREFTMN, F—HEK S
PET , Bl S B0, BFZ AR 2 RS R R
I A TR R A E R Bl K Y 5
I BEZE ISR BB FEAL, T2 LS AR
RN, Al DUBE)Z i 25 20 R AR 1 9> AN
SR IS R AR A O, A A T
AR RREN TR, IR V] RRH], BEHE K A
Jit SR PR TN, - A 25 28 R B R B A 19k
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Fig.2 Effects of water — nitrogen coupling on nitrate-N accumulation in soil at different growth stages
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