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Table 1 The “3414” experimental scheme, fertilizer quantity and fertilizer cost

4l 74y Fl & Pure nutrient dosage (kg/hm?)

AERL A & Fertilizer quantity(kg/hm?)

MR A (Gi/hm?)

Tre%tlr%en t N P,0s K0 R _ e 5 TR @ﬁgﬁ@qa Fertilizer c?st
Urea  Ordinary superphosphate Potassium carbonate (yuan/hm?)

NoPoKo 0 0 0 0 0 0 0

NoP2K> 0 75.0 30 0 625.0 142.8 405.0
N1P2K> 67.5 75.0 30 146.7 625.0 142.8 567.0
N2PoK> 135.0 0 30 293.5 0 142.8 429.0
N2P:1K> 135.0 375 30 293.5 312.5 142.8 579.0
N2P2K> 135.0 75.0 30 293.5 625.0 142.8 729.0
N2P3K> 135.0 112.5 30 293.5 937.5 142.8 879.0
N2P2Ko 135.0 75.0 0 293.5 625.0 0 624.0
N2P2K1 135.0 75.0 15 293.5 625.0 71.4 676.5
N2P2K3 135.0 75.0 45 293.5 625.0 214.3 781.5
N3P2K> 202.5 75.0 30 440.2 625.0 142.8 891.0
N1P1K> 67.5 375 30 146.7 3125 142.8 417.0
N1P2K1 67.5 75.0 15 146.7 625.0 71.4 5145
N2P1K1 135.0 375 15 293.5 3125 71.4 526.5

4 N, P0s. KO #6435y 2.4, 4.0, 3.5 Jtlkg
The prices of N, P,Os, K,0 are 2.4, 4.0 and 3.5 yuan/kg, respectively
KNI B R, #EFE 494 Jk/hm?, 2%
NXBARAHUIE, AERHZRIGTT R/ MNP R,
FAEFENE—IRIERAN, AREEE, 75K 2 K
(BERZ 2250m°/hm?), 73 I EREAARCTTHIARESR
WP AEBR B 2 1, W52 1 IRBAEE R . ORI 73/
DCERSCEAAT 7, AR B R] 2R A . 47
H (kg/hm?) =i JEXCFRL B -8R 2R DO KL
B (TE/mm?) =i JE X7 (BT AE DX TR AS 5k 2K
XP=fE: AERITTERER (%) = e Rk ik
RDOHRL &) /i AEDCOFFRL™ Bx100.
1.4 BIBRGT
KM Excel 2007 Xt JRUAKARHATVI DAL EE,
SEAERRE I AT RS, I T SAE V6.0.0
BEAT B R T ZE e

2 GREQH

2.1 AER. . $PECELAYHERRRIR
HEEFRIF= R ONTER (£ 2) R, HEEAL
FRERBREALFE (NoP2K2) 5 NoPoKo Fhi P> &8 2 5 A

EEAN, HAMALEI S NoPoKo AbH %= 7 3
NoPoKo AbHUAF R =8 (5100.0kg/hm?) H i, R
N3PoKo AbERAL, 5 HAM AL FE 2 3 B35 . & it ab B2
F 7= B ) v T AT AE AL EE NoPoK o AN A JE AL )
WP SORAFIE — B ZES, HA NoPK, AbBEE ™=
BN, BARMIEALTE NoPoKo 17 135.0kg/hm?;
5 NoPoKo #HEL, NoPoK, AbFEME = &8 i oK, M=
1774.5kg/hm?; FLUCHAEIE N3PoK, (N3 7KF), 37~
1585.7kg/hm?, 1] NoP3Ko (P3 7K F) 3477 1402 4kg/hm?,
NaPoKs (K3 7KSF) #8877 1291.2kg/hm?, 1t W 22 %t
R MUK, Bt IR AT DR R, RN
TR Hh X e AR B 3R s B A RO E R
SRRALHE (NoP2Ko ) SRBEALEE (N2PoKo) FIEER 4b
P O(NoPKo) B s = &AL NoPoKy 43 7 Ui
32.1%- 13.8%F1 13.2%, i ZUIE & FE WL X 2
HERL 8 1) E PRI R T, GRS AE A AE .
it R A AR 7= R B A, AR R
R ERR R, HEARERE NMUESE S, i
HEGAHZEETTE . R 2 7[5, 5 NoPoKo #
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Table 2  Effects of combined fertilizers application on the yield, economic benefits and fertilizer contribution rate

Hlie (Go/hm?) AR STk

Treatment Grain yield (kg/hm?) Output value (yuan/hm?) Increased yield (kg/hm?) Increased profit (yuan/hm?) Fertilizer contribution rate (%)

Ak B F L FAE (Ge/hm?) TS
NoPoKo 3325.5i 13302.0 —
NoP2K> 3460.5hi 13842.0 135.0
N1P2K> 3683.4h 14733.6 357.9
N2PoK> 4 394 .4def 175776 1068.9
N2P1K> 4 505.6¢de 18022.4 1180.1
N2P2K> 5100.0a 20 400.0 17745
N2P3K2 4727.9bc 18911.6 14024
N2P2Ko 4 427.9def 177116 11024
N2P2Ky 4 688.9bc 18 755.6 13634
N2P2K3 4 616.7cd 18 466.8 12912
N3P2K2 4911.2ab 19644.8 1585.7
N:1P1K> 4 244 Af 16 977.6 918.9
N1P2Ky 3983.4g 15933.6 657.9
N2P1Ky 4 316.7ef 17 266.8 991.2

135.0 3.9

864.6 9.7
3846.6 24.3
4141.2 26.2
6369.0 34.8
4730.6 29.7
3785.6 24.9
47771 29.1
4383.3 28.0
5451.8 32.3
3258.6 21.6
21171 16.5
3438.3 23.0

MEANPRLAO K LL 4.0 Jolkg T [AFIA R SRR 22 73K 0.05 KT, TFH

The price of oat grain is 4.0 yuan/kg. Different letters within a column indicate significant difference at the 0.05 level, the same below

o, AEME. B SR LE Y T, 1
BN, Herp AR 2 NoPoKo #7248 (20 400.0 J6/hm?2)
B, AEAEHEE NoPoKo 1) 1.53 £ HUN N3PoK, Ab
H (19644.8 7t/hm2) . [l N3PoKo ACEE (1AL A
HET NoPo Ko 03 (R 1), Wl ASH, A
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The fitted curve for grain yield
and N, P, and K application rates
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23 & B IR EEIN 2

R W BRAEHE A R A HAE R AT EE R (E
2a) KW, £ Ko7K I, U006 & No 39 n
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7% 372.2 M1 594.4kg/hm?2, it B it 45 It 3 7K T i 185
I, Ko Fl Ko 7K 38 = 5 b isc Bz, 4 A0 it FH
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Fig.2 Interactions of N, P and K application level
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“3414” AL BT R A AL 64 SN P K
JERL I B2 A, KRR PP B AR . B R AL
PPN 5583.8kg/hm2, N. P. K 4 Esr B4 3.
3. 0. B, EmERETTBRIGEATTEED TR
S R ABUFBRASAA . T ]/ DX SR B g
NP Ko A FE 3 & 77 8 5100.0kg/hm?, FHgmtdsl &
N. P. K Wt {EEN 2. AT #—DF &R
&2, SARBUTES S NX L E, P
HETF, B304 7 4Hes ™ & =4950.0kg/hm?
MHE (R 3).

Xf e e AR 4950kg/hm? UL B 7 MAES &
NERLR R b AT IR b, S5 (R 4) KW,
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%3 B2 =4950.0kg/hm? BURIDE A L REF
Table 3  Sorting of coding combination results
with objective yield =4950.0kg/hm?

/%5 Number X1 Xz Xs 77 Yield (kg/hm?)
1 3 3 0 5583.8
2 3 3 1 5575.3
3 3 3 2 5452.2
4 3 3 3 52144
5 2 3 2 5050.9
6 2 3 1 4997.3
7 2 3 3 4989.9

N (X))« P (X)) « K (X)) K% gL E 55
925714, 3 F11.7143, fEMromiL)E, FARN4E N,
P.0s. KO Vit E, Z3ralv 173.6. 1125,

25.7kglhm?, HT&FRE . i i il e 45 A1 At R 4 4
WA 377.3. 937.5 Al 122.4kg/hm2, JLI e 7 &
9 5219.1kg/hm?, N : P K=1.54 : 1: 0.23. 725
PR, XAHEIFEARRME A B 4
B SR L, TR i SRR IR S BN
Ji HERE EL A o S 77 B = 4950.0kg/hm? ] N P20s-

* 4 FEBFRTE 4950.0kg/hm? KL ERYEAERIE R4RFD ST
Table 4 Coding statistics of fertilizer factors with oat target yield above 4950.0kg/hm?

SN X1
Factor WRH Times 4% Frequency (%)
0 0 0
1 0 0
2 3 429
3 4 57.1
KEA 11 Total times 7
4wt s Average coding value 25714
Frifi% 2 Standard error 0.1870
4T3t Coding range 2.204<Y<2.938

X2 X3
UBr Times 4% Frequency (%) X% Times 4R Frequency (%)

0 0 1 14.3
0 0 2 28.6
0 0 2 28.6
7 100 2 28.6
7 7
3 1.7143
0 0.3894

Y<3 0.951<<Y<<2.477

KoO FI 3t 4 i & 148.8~198.3.>112.5 1 14.3~
37.2kg/hm?,

R AR E 2 N EUE, 2 IR,
TED) R, HARF 8. B EHARE R EE L
A, a0 A AR I AR K, I
JIE 3 v D ot A e 9D o RIS, e A it A R 3
B HEA B HICH MRS I~ ROk, 724
P SE B AR YE S BRIF U I AT R
2.6 T EIRERHEC e He 45 K R B RS540 89

Al

5 FIAL, ARERHEC N 1% X A F
W PR, ERECL VS, BRI, ROEEECRI{E]
PRI B M ERAFAE 22 572 5 B NoP2KoWNiP2Ko N1 P1Ko
1 NPK A1, HAALER A E #15 NoPoKo 22 7+ 12
% T IEAL B PR 5 5 NoPoKo Y22 5 B3+ it
REALEE A R NoPoK, [ FFEK L NoPoKo 2 5 AN i
% NoP2Kov NoP3Kow NoPoKow NoPoKis NoPoKs Al
N3PoKo H)/NEEELS NoPoKo 22 7 i s NoP2Ko.
NoP K AN PoK (AR AL S NoPoKo 72 7 AN i 2 s
Fr A TR AL B ) TR E 5 NoPoKo 2 R AN RE, Ui
P it A AL 38 A 2 08 3 B D 2 W R P PR 2

AEFE N3PoKo A B W, Phisfesr, iR
%, (REIRFaaEr, TRFRL™ B 55 e 1) NaPoKo Ak
HY5 N3PK, AhHE Mtk S A EREA BE Z R, &

FIA AR R AR E, B NoPsKo 1 iR
K, BREUR 2, MFRL™ B s i NoPoKo A0 B 5
NoPsKo ACEE ) A . BRI e A B35 NoPoKs
AEF/NERER 2, T NoPoKo AL EE S NoPoKs A FH
IEEERARE . SR ERE T NoPK,
WA F IR, TRESSE, FEK. MEEL
TR HOM AR BIO fi m, BUABIPE R
3 Wit
3.1 ERMXE A EREREC AL AR BRI
J IR 78 RS R YRR R A PR SR
YERe e = A S . BT B IR B EY
BRI, ACEAT ERN, 22 AR RN ]
BH EMR, & YT R SRS TR

&y & AT, JKAg 7 B ANA T RS fe i
I B SRACIRIAAE I R RS HAE I, =i
G A BT & BERO KA. AREFiH, AabB
NoPoKo FFRE P~ B, A 5100.0kg/hm?, HER L
NsPoK, A BUFFRL ™ 72 AN B &4, 5 A ab P 22
SR, I H AT NoPKo B AREL Tk 2 i =, 1k
3| 34.8%; &t ALAL R HPFFRL B A e T AR T AT AL
FH NoPoKo, H.A [ it A A P A 34 7= R R AFAE — 8 22
F, S EECKHIALEE Y NoPoKa,  EE NoPoKo 177
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Table 5 Economic characters and difference analysis of different treatments
e EE ) eSS NEEC RN TRE L fa ke
Treatment Growth period  Plant height Main panicle Spikelet Gralr_15 per lOQO-graln Panicle number Lodging rate

(d) (cm) length (cm) number spike wight (g) (>10%hm?) (%)
NoPoKo 85d 94.0f 15.5e 28.4d 35.6d 25.3a 41159 Oe
NoP2K: 86¢d 98.2e 16.0e 31.9abcd 35.8d 25.5a 417.59 Oe
N1P2K2 86cd 110.2d 17.3cd 31.2abcd 36.1cd 25.2a 445 5ef Oe
N2PoK: 89bc 115.8¢ 18.0bc 29.0d 38.2abc 24.7a 515.5¢cd Oe
N2P1K2 90ab 118.3bc 18.2abc 31.6bcd 38.6ab 24.2a 546.5bc Oe
N2P2K: 90ab 119.0bc 18.5ab 33.2ab 39.0ab 24.8a 586.0ab Oe
N2P3Ko 90ab 120.5ab 19.2a 33.8a 39.7a 24.2a 550.5bc Oe
N2P2Ko 90ab 118.8bc 18.0bc 32.0abc 39.2ab 23.0a 554.5abc 25.2b
N2P2K1 90ab 118.6bc 18.3abc 33.5ab 38.2abc 23.7a 575.8ab 10.9¢
N2P2K3 9lab 118.5bc 18.0bc 34.1a 38.3abc 24.0a 566.3ab Oe
N3P2Ko 93a 122.6a 17.5cd 32.9abc 39.1ab 23.5a 602.5a 30.5a
N1P:K> 86cd 108.5d 17.8bc 30.0cd 37.7bc 25.4a 495.5¢cd Oe
N1P2Ky 86cd 110.3d 18.1abc 31.3abcd 38.0bc 25.0a 467.0ef 4.3de
N2P1K1 9lab 118.8bc 18.3abc 29.7cd 37.2bcd 25.5a 514.5cde 6.6d

1774.5kg/hm?; %, . PSR RAAHK R S SR 80.5kg/hm?, F KA &N 26.4kg/hm? i, FKHE

NoP2Ko A FE 43 F087 32.1%- 13.8%- 13.2%, RI%L
JE A2 PR A RE WL S A T e 2 A, Hikog
TR AR A . b AR} it FH = S5 s = s S A 2k
KFR, — 8 V0 [ YRR B it JE R P 3 i £
1, AEURE I I B RO B A, X R I G4 A ik M 3
PR . X AERHE 22 BAE A0 A B, Bl EUIE
AN, SR E AR —E B R AR AR
RCE AP R AR, — o R AR BB B AR A
(P A5 FH s B it FH o PR 8 st R 1 AR 2%
B b R, e A it FH (1) 385 0 AN 2 B B R e
NEAERL: RO FH & 0 3 e Rl 5 -
KA, Rt FH B I A 22 B B s e i AR AR
e 280 B e A A P B A ) T M A AP R A
32 ARENEEERX L= REMK

ESES: AT

FEE b [X 5 T 5L RN 7 M X e 2 AR 7 56 A G
Bk SRS L KRR B[R0S, VR X e
KR B A R R B2, BREEE R M A B {3 14 A0
AR, B KEMEERE. KIEAE, G
i ey e KA PR RE s KB &, S EUE 5
AKGERE, ZiG e e Em AR, WO, JEH
it A Bt v, RRASHE N, SRR PRI, PR XU 3
s PR, # e S AR R R G L SEORT AR
SR FH ) DGR 00) . A S IE T L N A W B R
Tl ARk i AL 2 ) € 22 0 b= o LA o BT, AR A
K, & —m otz FIH-—m = IRIESOT G
A5 5 Kt 80BN 229.8kg/hm? . Hxe A Jiti il & oA

WP BN 5066.4. 4908.3 1 4953.8kg/hm?. i
It “34147 RACBAHREE ST 40 M @ S A S R
RIF=mECESRL, 3D AR E (N ¢ B
(P,0s) 4 (K,0) =1.54:1:0.23; #eE=gE=>
4950.0kg/hm? ] N P,Os 1 KO FH &8 Fl 73 il &
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The Effects Analysis of Nitrogen, Phosphorus and Potassium
Fertilization on Oat and Establishment of Yield
Regression Model under Irrigation Condition

Zhang Pingzhen, Zhang Kehou, Chen Ying, Chen Jingping, Luo Jianke, Wang Zeyu

(Baiyin Agricultural Science Research Institute, Baiyin 730900, Gansu, China)

Abstract This study aimed to investigate the formula fertilization effects of oat (4vena sativa) on nitrogen,
phosphorus, potassium under the irrigation condition. We applied the “3414” test scheme to observe oat (Yinyan
6) yield and agronomic characters under the influence of different allocations of N, P, and K. To provide a scientific
basis for the establishment of oat fertilization index system under irrigation condition, a regression model between
fertilization and yield was established. The results showed that grain yield (5100.0kg/ha), fertilizer contribution
rate (34.8%), and output value (20 400.0 yuan/ha) of N,P,2K, treatment were the highest among the 14 treatments.
The yield increase effect of N, P, and K was N>P>K and there were obvious interactions among N, P, and K. The
relationships between single fertilizer N, P, and K and grain yield were parabolic. According to the fitting function,
the maximum N, P, and K application rates were 229.8, 80.5, and 26.4kg/ha, respectively. According to the effects
of pure N, P»Os and K,O application rates on grain yield, a three-factor fertilization mathematical model was
established. Further analytical analysis showed that oat grain yield was =>4950.0kg/ha when the ratio of N : P,Os :
KO fertilization was 1.54 : 1 : 0.23 and the fertilization range was 148.8-198.3kg/ha for N, >112.5kg/ha for P,Os,
and 14.3-37.2kg/ha for K>O. The conclusion of this study had practical guiding significance for Avena sativa
production under irrigation condition.

Key words Avena sativa; “3414”fertilizer scheme; Grain yield; Irrigation; Fertilization
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