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area. Although fertilizer application can alleviate the adverse impact of salinization on crop, little remains known about the per-
formance of different fertilizer-effect models on simulation of ‘3414’ fertilizer experiments in winter wheat field in saline soils.
Among the essential elements, nitrogen (N) and phosphorus (P) are usually the most important nutrients limiting plant growth in
saline or non-saline soils. In this study, four fertilizer-effect models were used to simulate the impact of N and P fertilizers on
wheat yield in a field experiment in Lijin County of Shandong Province. The study aimed at selecting suitable fertilizer-effect
model for wheat grown in saline soils in the Yellow River Delta. Four levels of N and P fertilizers (N: 0 kg-hm ™, 135 kg-hm™,
170 kg'hm™, 405 kg'hm™; P: 0 kg-hm™, 53 kg-hm™, 105 kg-hm™, 157.5 kg-hm™) were set in eight treatments based on the
‘3414’ test in order to investigate the fit effect of the four fertilizer-effect models — linear plus plateau, unary quadratic, square
root and binary quadratic. To ensure the accuracy of fertilizer-effect models, the least square method was used in the statistical
regression analysis. The results suggested that the four fertilizer-effect models had an extremely significant level (P < 0.01) based
on the fit test. Unary quadratic model of effects of N and P fertilizers was the best among unary fertilizer-effect models, which
suggested that the highest income levels were 7 448.3 ¥hm ™ and 7 357.7 ¥hm ™ and the recommended N and P rates were
254.4 kg-hm™ and 98.6 kg-hm™, respectively. Compared with the unary models, binary model was better. In binary model, the
best N and P application amounts were respectively 244.1 kg-hm™2 and 94.2 kg-hm ™2, with N to P ratio of 2.6. In the model, the
economic benefit and agronomic efficiency of N and P were 7 432.4 ¥hm™, 6.2 kg(grain)kg™'(N) and 13.8 kg(grain)-kg™'(P,Os),
respectively. On the basis of the fitted curve, the binary quadratic model had the better economic fertilizer rate, agronomic
efficiency, economic benefits than the unary models. Then the binary quadratic fertilization model was the best for wheat cul-
tivation in saline soils in Yellow River Delta.

Keywords: Fertilizer-effect model; Nitrogen and phosphorus fertilizers; Optimal economic fertilizer rate; Winter wheat; Saline

soil; Yellow River Delta
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“3414” , F1 FiEELAERTARFBEAKERE
Table 1 Nitrogen and phosphorus fertilization rates of differ-
’ ent treatments
[16]
Treatment Treatment level Fertilizer rate (kg-hm’z)
> Nitrogen  Phosphorus N P20s
fertilizer fertilizer
’ 1 0 0 0 0
2 0 2 0 105
1 HR5E% 3 1 2 s 0s
— /
4 2 0 270 0
1.1 5 2 1 270 53
2015 10 6 2 2 270 105
(37°41'17.25"N, 118°36'03.76"E) 7 2 3 270 158
6m , 8 3 2 405 105
542 mm, , 6—8 )
63.9% Dy (kg'hm™); x
’ T2 .
: 123°C,=10C  4183°C, (kehm7)a : b
203 d, 2712.9 ¥, » € P ¢
1.34 m, 15 gL ; (kg:hm™)
67% 27% 6%: (unary quadratic)
pH, s 8.59, 1.3 gem™; y=a+bxtex’ 2
10.35 g'kg™ 0.958 g'kg™ 17.8 mg-kg ™ b ,C Y
66.8 mgkg'; (0~20 cm) X a
1.4 gkg' Na"357 mgkg' CI" 533 mgkg ™, (square root)
y=a+bx0'5+cx (3)
1.2 : b , C )
“34147, ) y x a
, 012 3 4 s 1.3.2
: 0 , 2 (binary quadratic)
.1 =2 %053 =2 x5 y=ax;® +bx," +cexx, +dx, +exy + f 4)
) : 8 'y (kghm™); ¥ x,
4 2 -
’ 2 : (kghm); f , :
, 21 m“(3 mx7 m) 2015 a b c d e
10 22 R 16 cm, 225 1.4
kg-hm™ 6.4,
13 24 ?’
(46% N), (15% P,0s5)
, 2016 6 14
5 dy'p y:dx'p X (px Py
) ) 2016
1.3 .
1.27 kg ;
1.3.1 o O
) , 1.6 kg, 24 kg
(linear plus plateau) L5
_ .
atbx (x<C) Microsoft Excel ~ SAS
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ORIGIN MATLAB 4 5 6 7 270 kg'hm_2
2 ER5HIH ? :
2 , R
2.1
> >0.5,
F P 0.01,
(28] 2 ) R
368 105 kg-hm™ , ,
*2 BEMZ/NERBIE—TIERIM S E
Table 2 Unary models of nitrogen and phosphorus fertilizers effects on winter wheat yield in saline soil
PF )
Fertilizer Fertilizer effect model Adjusted R’ P (F test)
. y=8.223x+4 946.425 (x<162.0)
Nitrogen Linear plus plateau 1=6278.551  (x>162.0) 0.580 8 0.008
fertilizer Unary quadratic =4 986.675+9.722 24x—0.016 63x” 0.503 5 0.008
Square root y=148.653x"~4.13 1x+4 934.648 0.502 4 0.000
. 1=18.344x+4 992.067 (x<64.5)
Phosphorus Linear plus plateau =6 175255  (x>64.5) 0.662 9 0.004
fertilizer Unary quadratic y=4 986.757 11+25.153 02x—0.117 97x’ 0.650 4 0.002
Square root y=258.720x"°~13.629x+4 977.871 0.6100 0.000
y ;X y is grain yield, x is fertilizer rate.
la 1b > > ,
162.0 kg-hm™ >
64.5 kg'hm™ , : ,
292.3 kg'hm™ 106.6 kg-hm™ > > ,
2 bl >
24.4 kg'hm™  —55.7 kg-hm ™,
323.7 kg-hm™ 90.1 kg-hm™ , ;
b 4 E)
s > >
y:4 ?‘72.222"’_6.%02 5x1+18.412 6x2+0.030 9x1x2_ 14 _hm—2’ 92.4 kg'hm_z
0.016 1x,°~0.127 8x, 5)
R? 0.7058, F P
0.01, ,
( 10)’ 7462.3 -hm N
162.0 kg'hm™
296.5 kg-hm™ 107.9 kg-hm™ , )
2.2 > >
3, , , (73577 -hm™),
, 98.6 kg-hm™ ,
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Fig. 1 Unary models of nitrogen (a) and phosphorus (b) fertilizers effects and binary quadratic model of nitrogen and
phosphorus (c) fertilizer effects on winter wheat in saline soil
*3 BEMLTNERMENYEERESFENEER

Table 3 Maximum yield predicted by each model of nitrogen and phosphorus fertilizer effects of winter wheat in saline soil

Nitrogen Phosphorus

Model Fertilizer Fertilizer effect model fertilizer rate fertilizer rate Maximumi}zlield mei,tz
keN)hm?]  [keg(P,0ghm?]  (kehm™) Ghm ™)

Linear plus plateau 162.0 105.0 -105.0 89.0

Unary Nitrogen Unary quadratic 292.3 105.0 24.4 44.7
Square root 323.7 105.0 -111.3 -177.9

Linear plus plateau 270.0 64.5 -207.7 -117.1

Phosphorus Unary quadratic 270.0 106.6 -55.7 -25.2

Square root 270.0 90.1 -177.6 -140.3

. Binary quadratic 296.5 108.0 0.0 0.0

Binary
(6 383.3 kg'hm™) (73733 -hm™) The benefit (6 383.3 kg'hm™) and grain yield (7 373.3 ¥hm ™) of

binary quadratic model is the standard for each model.
x4 BEHZNERAHBERYNERESELFEEELSER
Table 4 Optimal economic rates of nitrogen and phosphorus fertilizers by each model of fertilizer effects on winter wheat in saline soil

Optimal economic nitrogen Optimal economic Yield Profit
Model Fertilizer Fertilizer effect model fertilizer rate phosphorus fertilizer rate (ke-hm™?) ®hm™)
[ke(N)hm ] [kg(P20s)hm ] ¢
Linear plus plateau 162.0 105.0 -59.7 29.8
Unary Nitrogen Unary quadratic 254.4 105.0 45.8 15.8
Square root 190.1 105.0 -139.0 -116.0
Linear plus plateau 270.0 64.5 -162.4 -176.3
Phosphorus Unary quadratic 270.0 98.6 -18.0 -74.8
Square root 270.0 69.5 -150.5 -173.1
. Binary quadratic 244.1 94.2 0.0 0.0
Binary
(6 337.9 kg'hm™) (7 432.4 ¥hm™) The benefit (6 337.9 kg-hm™) and grain yield (7 432.4 ¥hm™?) of

binary quadratic model is the standard for each model.
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Fig. 2 Agronomic efficiencies of nitrogen fertilizer and
phosphorus fertilizer of winter wheat in saline soil
(P<0.05) Different lowercase
letters in the same cluster mean significant difference at the level of 5%.
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