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5.6~7.8 C, FF¥)ToHE ] 160~180d, 44 H HERS
[A] 3100 h, KBRS 6 200 MI/m?, 43Rk E
139~222 mm, XK E 1999~2 346 mm, +I%
I E I FHHE A 2 R 2, ST 1~2 m &)
ZOAEMM IR, RTIX LG E BN 3,
EBL A RUF
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KHABEX FELTHAEDIM H 2% (5Fh DC6009,
A E 1 100~110 d) A HEHAEY): FUIER K Z (46%
ND , BEAER AL BERRES (16% P,0s) , #FAER AN
FEREMNH (60% K0 5 i5a X ikt 5yIE+ (&
RIS AT Tz E) , FRZ 20 om HIEFR A
R BEREN L1glkg, AREEN 8 mg/kg, HAE
&N 313.2 mg/kg, BN E N 16.8 g/kg. 5 H 9 Hif

JEE . WECAE, 5 H 29 H¥EF, [F4 9 H 18 HIE,
FhRE4TEE 40 cm, BREE 35 cm, KU AL AAE S S,
) H 25 A FHREK 2 Ik, WEKTT SO, EKGE
A 105mm, —/K5H25H, —/K6 H 13 H.

IR 3414 55 it 75 58, B AR A kU A,
APy 300 kg/hm?. 76 R fll B #EAT . B — K
FAERRARGE, HH i 1 S Sk, 3% 10
Kb, AR 3 IRESE, RAE/NX A 9 m>9
m; SERRE . BPAE K 50%EAEME NFEAE, H4x 50%
FNAE K AER, BAETT Xk ES T AR HT
SPRE A, /NXDU AR 1.2 m 15 s IR B
THEREE 30 cm, A HI (A LS Ml —5. Bk
RIS L 1.

1 KBplestits

Table 1 Test fertilizer design kg/hm?
Kb ¥ Treatments NoPo NoP- N1P, N2Po N,P1 N,P, NP3 N3P, NPy it Local
TR N 0 0 120 240 240 240 240 360 120 275
Fertilizer level P20s 0 105 105 0 525 105 1575 105 52.5 145
1.3 MRFE BT RERS I AR &, F8 T AR A 3770 B9
1.3.1 4 S 4b 72 B A 2, RN
) H 20 7= SR OGN X A S EORE 0 77 3K 1A PE=(Y-Yo)/(U-Uy) , (2

FEME : fEm HZEPORE, K HH L. BARE
PRI 2% 3 bk, %88 B i fa o e e A As N, H
HAT 105 CHAFF 05 h, HT 80 CIHTEIEE
i, WE&HRE TYORRE, Semi, %8s
AE AR AR, HAE, DAV T ER e
iR, IIRERENER R, /e intsgiit 7k
TR bR A H 28R &1,

LRENE : AE A H ZERER T AWK S, AR
£ 0~120cm LZEFE, 20em N 12, 4y 6 )2
FBETFENE LIRS K, NOs B IMIE HiN: &
JERREX 5~10 g Frfif 458 T B O s =, R
ORARE IR &, ARG LKL 51 1 BIELGI 2
WEIAN 1 mol/L EAEERIRIZR, 25 CREY
2h, 3500 r/min &0 15 min, 0.45 um JEMETIE,
BB, 25 RARsh A AC e .
132 547k

A FRFEAFR . B ES 72, EEREA
&=, ERREEE ECR, FIH Kriging &AL A 16
AT IRAE ST

RERLFIFH 22 (RED 48 JERHAAL X EV A
BRI S R 3E In B, AR AR A UL W AEREZE it N 1358
Ja R M, O

RE=(U-Uo)/F . (D

AL A R 2 (PED /B Hb_E 5 i s A e
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A Y ARE TED & (kglhm?) 5 Yo NAHEIE
TR (kglhm?) 5 U AREE S /ECsR b L
MRS (kg/hm®) 5 Ug ARG AE/E S
RS (kglhm?) 5 FOAERHEAE (kg/hm?) .
1.4 ¥R

3w 4> #rK F] Office 2010.SPSS 19.0. Surfer 8.0+
Sigmaplot 10 23k - AbHE
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2.1.1 ¥ B F AR R

BALDRL ZIEARL N (T e 46 RN 1 s, R
AR BRI [F] B AL 22 79E 5% KT,
B 1 mrn, BRI, 1 B R RIS
Wi, hE (240 kg/hm®) AbERPEEE R, A E
(NoPo) & 4HbAbFE 73 7] 34 7= 58.0%. 9.5%, UtEHTE
—EMEIETEFE A (0~240 kg/hm?®) , 1A REDS 15 3%
B 52 &, mire sk B RE S, kst s
VP iy H 28 A= A I E 7 R B PR (O
P 11.7%) o 7EHBE (105 kg/hm?) 7KFR, m% (360
kg/hm?) 51K (120 kg/hm?) Ab¥ 8] TG 5 % 7 &,
A b ) 22 7 3 (P<0.05) . 784 (240 kg/hm?)
KR, B (105 kg/hm?) 5188 (525 kg/hm?) .
B (0 kg/hm?) KbBEEZE SRR E, Sk (1575
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kg/hm?) AbFR T 6 2 5%, @ik (157.5 kg/hm?) .
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C—/™& Yield
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Fig.1 Analysis of crop yield under different fertilization treatments
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Fig.2 N,P interaction effects-yield isoline map
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% (0~240 kg/hm?) | BT REMRIR IR ERBUN R AN AR TR B B, DR A T M bl f
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Ti; <
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Fig.4 N, P fertilizer interaction effects-N, P uptake contour map

2.2.3 1) B 3EREH R B E o AT

RERER FH 2 2 AR BRI 26038 2 Bz . TR (240
kglhm?) K, Py 5% 4B REy ZE5 2%, H
Piv Po. Py AbBRIG R 2 5 . HARRIUNLL P, 4b3
NHI REN =T, SM AR Pos Py Pg AbFR R AEARLF FH %
/& 39.53%. 12.06%71 7.3%; i (105 kg/hm?) 7K
PR, Npv N Ng Zb3EfE) 25 3%, HAd Pl N, db#
(] REN 52751, 23 W% Npv Ny AL 3 2 7.629%F1 39.53%:
Xt %A HE RER MM RBLA: FH4 (240 kg/hm?) 7K
PR, Py AR ZEREE, P P AbEE LR E
ZEt, RN Py, 0L Py Ps i 11.64%FH
44.52%; g (105 kglhm?) 7K, N 5 % kb # ]
ERRE, HRSMERLEEES, Pl Ny &
BRI R Rm, 23 Now Niv N3 Ab#
47.66%. 15.95%71 5.59%.

Ak, W ALERE] PEY T S H: ik (105
kg/hm?) KT, N5 Ny abFE. Ny 5 N, 4b3 [ (1
PEN LR #EZER, HpuEmzER R, RIN PEy
PL Np 55155 8 No~ N1+ N3 &b 5351 51 60.53%- 5.17%
1 57.22%; |4 (240 kg/hm?®) KFiF, Py 5 Py 4b
. P, 5 Py AR PEN CEZEZES, HRALELN
ZRE, RKIN PR, HAHIE Pos Piv P3 kit
FH Y 52.5%. 31.47%F0 6.32%. %f PEp 20 M il LLK
Bl: HE (240 kglhm?) P, 8t AL 2 ) 2 57
w3, DL Py AbEEH) PEp f K, 43Ul Pi Pay Pyh
75 28.06%.55.30%F1 106.12%; H1# (105 kg/(hm?®))
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KPR, N5 Ng kb3 (A T0 8 3% 2 5, HAp b a2
S, RIUA N FER R, 731 Niv N3 Ab 2
5% 57.5%.
gE L, MWAEYIXE N. P REREFR A 20 AR 2R F %
38T NoPo AL EC A O TR B ARy P2
JEAH A R F 250 35 POk ) B AR SR
AL AR (B BES5EE (B =ErRR
WK 5 s, HE S A, M (B & SEERE
() B2 IREVER R, RICHIEMR. HEAE
/NT 260 kg/hm? I, BEREEC RGN, Fok = & S iR
BRIEAHERR, AT 260 kg/hm? i, Fri= &5
TR R R R, RER /N T 120 kg/hm? i,
Frh B S iR R IR, 1KT 120 kg/hm?
B, OFFRLE= S Bl R R AR AR, R iR S
REy (REp) . PEy (PEp) fiMizk. FEER. Biits
OB, FEARRE (B & SR s 4R R BN 3 N
s, T AR S B FHE R, R (B
EANRICA IS, SRRy, R R Bl
FUERIMEMREAT =&, X—BRE THE AR,
REy (REp) . PEy (PEp) HIUNFEEZ (B =
FROEE T B, & AR (B0 BB ARG R infE
VIREARICE () &, TR s EYN Lg% (i)
R R AR PR (B RRIFIH. P&
(NoPp) AHXS XS REALHE, Fl R HIk 12.7%, il
HilJ8 27.6%01) [, REnREp 43721 1 2.9%..3.8%,
PEn. PEp 73 7I3/M T 8.3, 40 kg/kg.
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Table 2 Apparent recovery efficiency of applied fertilizer and physiological efficiency of applied fertilizer

Jite FFEUREF1 F 2819% Fertilizer utilization efficiency

Wt FF A 0 4 B M) FH 22/ (kgkg ™) Physiological efficiency of fertilizer application

A3
Treatments N P N P
NoPo - -
NoP2 - 12.8+2.7d 19.047.7b 23.7#6.1e
NP, 32.847.0a 16.340.5hc 29.0+7.0a 93.2412.3d
N2Po 25.34).7d - 20.042.4h 202.2480.1a
N2P1 31.5+.5¢ 21.1+2.3a 23.245.8b 157.9450.3b
N2P, 35.3#).2¢ 18.940.5ab 30.542.8a 130.2+15.7¢
N2P3 32.940.4c 14.640.6¢cd 28.743.2a 98.145.9d
NP2 25.340.5d 17.942.0b 19.443.1b 93.6424bd
N1P1 39.940.3b 19.4+#1.0ab 32,74 .1a 153.9427.8b
2 32.440.2¢c 15.1#1.3c 22.245.9b 90.2433d
F R FRER IR ZE FIA 5%E % /K. Note:  The different letters in the table showed a significant difference at 5% level.
PE,
200 REy 70 7500 N 38
| N I 36
P o - 70001 N\ o : |
EE M € E 6500 4 N =) L2 —~
o101 N <5 =S
=< s 50 o - & 6000 | 3o 2
15 @ 140 A = S L8 2
=5 — wamER |, @ g S, 55007 S
= 2 120 S~ ° - 58 5000 2
e duige ST o] y L
=& 100 4 S~ao 3o 4500
. =~  t
80 . . . 20 4000 . . . 18
o 100 200 200 100 0 100 200 300 400
i 4 (kg - hm?) Mi% H/(kg - hm?)
Fertilizer N /(kg - hm?) Fertilizer N /(kg - hm2)
(2) FELRIN 5 AU 2 (b) 7= E5 Z A 3R 2
(a) Nitrogen uptake by plants and nitrogen use efficiency (b) Yield and physiological use of nitrogen fertilizer
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(c) Plant phosphorus absorption and phosphate fertilizer utilization
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Fig.5 Apparent recovery efficiency of applied fertilizer and physiological efficiency of applied fertilizer

2.3 EHZEBGRE HIRKBHSRRR

A H 2R G % 2 RIS R R ER
WL 6. FEMIUSCSR IR 0~120 cm 2 b - 3B B
HLER > EEARES R RN EMGE G R
A, AEEMERMRE. HE 6 T, Eik
FKJE 0~120 cm L2 LIRS R R I HE (0

kg/hm?) . K% (120 kg/hm?) . % (240 kg/hm?) .
R (360 kg/hm?) AbEE[E) %553 (P<0.05) , &
JIE it N\ B R K BR BB OK, SRR FE N 59.1~71.6
(kg/hm?®) , REALEE )y 111.3~117 kg/ (hm?) ,
BALB N 173.8~208.2 kg/hm?, &AL 260.7
kg/hm?; BEUK T4 HE AREUKF AR EE ARk
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- AR A) I T 3 25 S, i AL B A A 3 ) 2
03, PR BB AT Ny /K 4 AN b AR,
FHEC X R AL/ T 51.1 kg/hm? [RIRSASEGREE, 3
B IE 2 15 BEC e BE % Dk > VRIS I A Bk
PR &8, 0~40. 40~80. 0~80 cm + =+
WS R AL 0~120 cm 2 ML, &4k
I 80~120 cm 12 1) T IEH A B L 24k . 0~40
cm LERTEEEEREAES L ER R E, b

280 r
S + 2 /em Soil depth:
~ = 240 -
€3 m0~40 be
‘; % 200 F @40~80
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~ o 160
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9 = L
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>
2 % 40
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TSR MTRE .
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Fig.6  Sunflower post-harvest soil nitrogen index
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FAO 5 &N R R A E K P AR ML AR P B A H - i
JE7KF-AE 200 kg/hm? DL R SR £ 88 722 SR+ 5.3,
£ 200~400 kg/hm? frI7K 3, th A5 B 52 i 48 7 2 SR,
AT AR SRR T W) H 2 S
W, BEEE (B s, mHZEEERI N
BN E BRI S, R (N:240 kg/hm?;
P:105 kg/hm?®) AH L AR EE, 76 it Bmb 12.7%,
T ks> 27.6% B OL T, FFRIEE P 9.5%, Hod,
TSR H R 230, B 7 7R, Ak
RUAGER B 77 AR, i R E RN,
ZHERIONERHER, o BRI BUE .
MR E () E5 A (B &2 IEMHGKR,
W (B MRS AR (B E2EAMEIGES, A
(i) ESMMRBE () &2 [ 2 — 7o k= H
KRo B B BEATEEHRN: LR,
R PR BE (NP KRS, xR = i = A
RN TR RERR R, () B2 4kal i, ix—
B B it A B R R A m) I ZEAE AT 2 3, ANKG
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by T e 8 DR TR K KB T 90 45 SR AR
Wid. B, AN P REREA USR] H 25 7= 85507
40

[ £E G TR AT LS NoPo AUt K P a] iz H X 1)
N. P AERCHE F) K o
3.2 FEAACHEXT =) H 2= AERLF A E S 5%
PEHRIE, SEPRIENER H 2 30%~50%, %
AEA= BRI N 30~60 kg/kg I, #ig b2 L RGE B
e, ABFTE R, AFE. BT REy
N 25.3%~45.8%, PEy A 19~32.7 kg/kg, FH:i PEy
BUNATRE H T A S T XM B AR B
SO T ) H SRR, IX e X AR 1 T R
Mo Ak, KEM LRI, BRI HZEMEY &Y
UMt FF B2 P I ) 96 2R 25 P02, A g s it oo
FEEEC LB SO I, A G AR, 28
SRR HRICT, IR & K
I, ARV AR IEARL R WS 32 AR o U E
AL, TR E R R AR 2O E 2 KRR
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Optimizing Nitrogen and Phosphorus Fertilization to Improve
Sunflower Yield in Hetao Irrigation District

LOU Shuai*, YANG Shuging®”, LIU Ruimin®, LIU Deping®
(1.Water Conserwancy and Civil Engineering College, Inner Mongolia Agricultural University, Hohehot 010018, China;
2. Water Conserwancy and Civil Engineering College, Northeast Agricultural University, Harbin 150030, China)

Abstract: [Background] Many farmers in Hetao Irrigation District apply excessive fertilizers as an insurance to
ensure yields due to a lack of understanding of what the crops really need. This is not only a waste of fertilizers but
could also give rise to water pollution and secondary salinization. Apparently, most research on fertilization has
focused on water and nitrogen coupling and overlooked the importance of the combined effects of nitrogen and
phosphorus fertilizers. [ Objective ] This study aims to plug this knowledge gap by systemically studying
nitrogen-phosphorus interaction in attempts to reduce non-point source pollution and improve fertilizers use
efficiency. [ Method] The experiment was conducted in a sunflower field, with four nitrogen fertilizer levels: 0, 120,
240, 360 kg/hm?, and four phosphate fertilizer levels: 0, 52.5, 105, 157.5 kg/hm?. Fertilization used by local farmers,
N: 275 kg/hm? and P: 145 kg/hm?, was taken as the control. Overall, we had 15 treatments. The optimal nitrogen and
phosphorus application was estimated by comparing the sunflower yield, plant uptake of nitrogen and phosphorus,
and fertilizers use efficiency of all treatments. We also examined the effect of all treatments on soil environment by
comparing their associated residual nitrate in soil after harvest. [ Result] The interaction of nitrogen and phosphorus
fertilizers changed from synergy to antagonism as their applications increased. Crop yield and plant nitrogen uptake
change from increase, stagnation to decrease as nitrogen application increased, while the impact of phosphorus
application on crop yield was concave - increasing first followed by a decline when phosphorus application exceeded
a certain value. It was found that applying 240 kg/hm? of N and 105 kg/hm? of P substantially reduced residual
nitrogen in soil and increased its uptake by the crop. In particular, compared with the control, it reduced nitrogen and
phosphorus fertilizer application by12.7% and 27.6% respectively, while increasing yield by 9.5% and physiological
utilization of nitrogen and phosphorus by 8.3 and 40 kg/kg respectively. [ Conclusion] Comparative studies revealed
that applying 240 kg/hm? of N and 105 kg/hm? of P was the most optimal fertilization to reduce N and P application
while in the meantime increasing sunflower yield.

Key words: nitrogen -phosphorus coupling; fertilizer use efficiency; nitrogen balance; residual nitrogen
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