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Abstract: [ Objective 1Entering the 21st century, the contradiction of population, resources and environment is becoming more
and more prominent, and Chinese agriculture is facing a serious challenge in many aspects. Shandong Province is a typical
intensive agricultural area of high investment and high output in northern China. The agricultural development in Shandong
Province has set a template for other provinces. The research and analysis of the fertilization status in this province can play a
certain role of predictive and early warning in the management of crop fertilization in the whole country. This study analyzed the
fertilization status of winter wheat in Shandong Province, aiming to provide scientific basis for the macro management of winter
wheat fertilization, which has practical and wide significance. [ Method] The fertilization status and characteristics of wheat were
clarified by using investigation analysis and statistics analysis based on the data and statistics of Soil Testing Formula Applying
Fertilizer Project in Shandong Province. Then the optimal fertilization model was established and the fertilization parameters of

Yrks HEA: 2017-10-10; #E% HHEA: 2018-01-28
ELmB: Wx “+ hH” RHEGCETR (2015BAD23B0202). “M i ” 4% 4 (SYL2017XTTD02)
BEAR: 2@, Tel: 18854807502; E-mail:ljm18854807502@163.com. A5 /E# PR, Tel: 13345283157; E-mail:zhaogx@sdau.edu.cn



12 4] AR RN AL S PO 2323

wheat were identified with MATLAB modeling and analysis.[ Result]In 2015, fertilizer expend coefficient (Fec) of winter wheat in
Shandong Province declined 5.71% compared to 2010. The average fertilizer amount of nitrogen, phosphorus and potassium in
winter wheat was higher than the national average. The proportion of phosphate fertilizer was excessive and the proportion of
potassium fertilizer was inadequate. The multi-element fertilizer ratio of basal and topdressing in winter wheat was increased, while
the straight fertilizer ratio was decreased. For the total provincial fertilization, nitrogen and phosphorus were declined from west to
east; the western and northern plain of Shandong were the highest; the eastern hilly area of Shandong Province was the lowest; the
potassium was on the contrary. The nitrogen and phosphorus fertilization were the highest in fluvo-aquic soil, followed by Shajiang
black soil, cinnamon soil and brown soil; saline-alkali soil was at a lower rate; potassium fertilization was the highest in brown soil,
followed by Shajiang black soil and cinnamon soil; saline-alkali soil and fluvo-aquic soil were at a lower rate. There is a
mismatching situation between NPK fertilization and total N, available P, rapidly available K. It could appropriately increase the
amount of nitrogen in the eastern hilly area, reduce fertilization input in the high-yield area, and increase fertilization input in
low-yield area. With the target of yield, the optimal fertilization application of nitrogen, phosphorus and potassium for winter wheat
was 182.02, 82.58 and 83.22 kg-hm?, respectively, in Shandong Province. By contrast, the nitrogen and phosphorus were
overstepped 25.60 kg-hm and 37.77 kg-hm, respectively. And potassium was short of 3.84 kg:hm [ Conclusion] The present
situation of winter wheat fertilization in Shandong province is making the benign developments. But there still exist many problems,
such as the amount of fertilizer is too high and the way and proportion of fertilization are not reasonable. The results of this
research have positive significance to rational fertilization, resources conservation and environmental protection of winter wheat in
Shandong province.
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Fig. 1 The area, total output, yield and fertilizer expend coefficient of winter wheat in Shandong Province from 2010 to 2015
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Table 1 N, P, K average fertilizing amount and proportion of winter wheat in Shandong Province

A FEASYL SEEEAE & Average fertilizer amount (kg-hm™2) St F L g
Years Number of samples N P,Os K,0 N, P, K application proportion
2000 798 251.85 129.15 37.50 1:051:0.15
2005 2525 243.20 122.36 45.30 1:050:0.19
2010 17255 230.85 116.85 57.90 1:052:025
2015 183914 207.62 120.35 79.38 1:0.58:0.38
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Table 2 Base fertilizer varieties of winter wheat in Shandong Province

LN e

2005 4F (n=5520)

2010 4F (n=17255)

Base fertilizer varieties

SR Actual volume (kg) 7 LE Proportion (%) s Actual volume (kg)

7 kb Proportion (%)

B J7 it Formula fertilizer 7748.0
JRF Urea 9884.0
% % Diammonium phosphate 53237.6
I BERRES Calcium superphosphate 36982.5
KR (&) & Compound (combined) fertilizer 117012.6
TR # Potassium sulphate 4357.0
4% Ammonium bicarbonate 98674.5
FALH Potassium chloride 4407.5
FAh, Other 11785
4t Total 333482.2

2.3 147934.6 20.6
3.0 24696.1 3.4
16.0 77118.4 10.8
111 11069.0 15
35.1 357576.3 49.9
13 2648.8 0.4
29.6 67177.7 9.4
13 4160.8 0.6
0.4 24135.0 3.4
100.0 7165167 100.0
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Pl AR — 4% 5 5.9%, HoAh S APA7E 3% LA T . 15 2005

EAILL, B (B SN 13.3%, F5E A
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BEATEER SN, PRI R A B S AR . 2005 4F L



12 4] AR RN AL S PO 2327

RAK/NERESEELE A 1021, 2010 FiZlL
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Table 3 Topdressing fertilizer varieties of winter wheat in Shandong Province

2005 4 (n=4500)

2010 4F (n=13575)

7 kb Proportion (%) s24#: Actual volume (kg) 7 Et Proportion (%)

AL

Topdressing varieties S Actual volume (kg)
Bt /7 it Formula fertilizer 1267.0
JKZE Urea 61273.6
R % Diammonium phosphate 676.0
T WERR4S Calcium superphosphate 170.0
R () JIEE Compound (combined) fertilizer 3072.2
TR #H Potassium sulphate 30.0
R %\ Ammonium bicarbonate 42175
SALB Potassium chloride 50.0
HAth, Other 705.0
4l Total 71461.4

1.8 33612.7 11.3
85.7 182759.0 61.3
0.9 17697.3 59
0.2 13715 0.5
43 524115 17.6
0.0 262.3 0.1
5.9 8202.3 2.7
0.1 87.0 0.0
1.0 1977.5 0.7
100.0 298381.1 100.0

x4 WWHRENEZERE. BRERAEXL

Table 4 The comparison between base fertilizer and topdressing of winter wheat in Shandong Province

Jii[R7€-14 it s 341 A& Farmer Atk Fertilizer

Times Time J1% Number (Lt Proportion (%) 3:#)# Actual volume (kg) 7kt Proportion (%)
HUiti RN Hr 265793 51.31 16697560.91 70.68

Only base fertilizer ~ Before sowing

JBJIE 1 7% Once 1R W—it2 & 1] Reviving—erecting 228644 4413 6452248.72 27.31

JBE 2 IR Twice 1R W—Z 4] Reviving—booting 22647 4.37 442899.46 1.87

JBAE 3 K Three times 1& 7 #—#E 1 Reviving—filling 981 0.19 32834 0.14

it Total 518065 100 23625543.09 100
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<EARHLIX o it A AR B R I A AR b X <
b X< R b X < R X< RS E
X, AL, A AR A, SR R
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x5 WHEATRRRXERE 17 Mem/hEFESMERE (2015 4F)

Table 5 The average fertilizing amount of winter wheat in different regions and 17 cities in Shandong Province

X3, i JEfIE 2 Fertilizing amount (kg-hm™2)
Region City N P,0s K:0 2it Total
BARHIX JEiE Weihai 135.44 76.11 105.31 316.86
Bastern region of Shandong 2 yanta 187.18 102.39 11127 400.84
# % Qingdao 157.20 126.43 130.27 413.90
43 Average 159.94 101.64 115.62 377.20
X % Rizhao 145.66 117.87 120.54 384.07
Southern region of 97 Linyi 212.19 94.75 87.06 394.00
Shandong
43 Average 178.93 106.31 103.80 389.04
g X # ¥ Zaozhuang 205.42 105.40 95.55 406.37
Central-southern region of J54¢ Taian 243.23 129.60 85.31 458.14
Shandong I
¥ Laiwu 195.52 116.52 72.56 384.60
P15 Jining 222.87 114.89 70.69 408.45
43 Average 216.76 116.60 81.03 414.39
B X i1 Zibo 192.94 133.71 61.62 388.27
Central region of Shandong 27 jinan 173.95 120.91 54.04 348.90
Y7 Weifang 189.87 108.44 104.60 402.91
43 Average 185.59 121.02 73.42 380.03
B E X 1/ Binzhou 200.09 125.42 53.13 378.64
Western and northern region FiPE Heze 235.82 128.08 62.53 426.43
of Shandong
T3k Liaocheng 274.87 159.62 56.74 491.23
4 M Dezhou 263.19 125.65 60.10 448.94
%% Dongying 200.06 120.19 48.16 368.41
43 Average 234.80 131.79 56.13 422.72

BAK, 4 6164.92 kg-hm?, AN[a] IR AR %L 1
RN ZE R, WA IFEARTE, % Tekii
/N Tl Gl v o ) L DX /)N 22 it R v
238.80 kg-hm?, ILYUCHIWP3EE A+ Rk, h6
XN AR, b 180.03 kg-hm?. &AL X /)
RPN R I A T 4 i i 5 G DA i X g ey
4 130.85 kg-hm?, Lk i+, W3Rk, &6
B+ XA RRAR, b 100.96 kg-hm™?, B HIHNE M
WA RRSE R, OO b2 S AR T, SR T R
T RN ER D, WX A 64.89 kg-hm?.
BT, N TR R LA BN
ACTPAARN A, e T HEREX N2 = i A
2.5 INEiEES LIRS
2.5.1 %A E KB 4 N ER B X SR L
Fr g X R PR JRUX 3 AN X 3 Py 3984 5 A7 2500
TR 0 I PR SR AR FE s L. T RAR Y, &

IR IX LR AR AR, VR R R, W)
AN EE R T A, A SRR T IR A A K
o BRI, BT R IX RIS
5 0 2 DR R MUAR R B e 5 R g DXOR 5 v g 1 L
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2.6 NERERERE A R? 2y 0.8337, 1L T AR, W]
2.6.1 FE—EEEA W W=f(n, p, K)2DNER™ ISR G L BE T /N 22 ™ . B AG 3)

SRR i 2Y [ = el TN ESE - SR SRV E 20 Bae 8=y
R 23 AT RN LR A /N R IR R R S A
. PICHLAN R G RB.
A /N2 7 Bt A A B ) O AR R g
y=-0.3343x"+17.9233x+352.9192

®6 WHREATEMXERER., REREER™E

448 e AR D S B 402,11 kg-hm2, Femi =&l
8 897.34 kg-hm™?. H fif 1l 4 2 S 21 I it FH A
407.35 kg-hm™®, 8 H fee et AL = 5.24 kg-hm2.

6 NILARB AR /N E == 5% . #IIE
BNE KRB LA R P Es . 24 A H

Table 6 The fertilization models, optimum fertilizing amount and yield in different areas in Shandong Province

HX it AR 25 R? I e
Region Fertilization model Optimum fertilizing amount and yield (kg-hm?)

N P,Os K0 74 Yield
G W=313.4207-1.6449N-2.2965P+18.1290K+0.4721NP-  0.8221 163.03 77.52 92.42 8975.37
Eastern region of Shandong  0.4730NK-0.5332PK+0.0543N?+0.1335P-0.2421K?
g L X W=331.4515-1.45183N+7.0105P-1.6834K+0.0803NP+  0.8213 196.70 103.92 82.24 9491.71
Central-southern region of ~ 0.3605NK+0.2495PK-0.0067N2-0.2552P2-0.5780K?
Shandong
bt W=344.6330+0.5315N-0.2210P+2.7359K-0.0424NP- 0.8189 203.36 112.75 81.36 9869.19
Western and northern region  0.0652NK-0.0459PK+0.0095N?+0.0530P2-0.1076K?
of Shandong
W R W=329.7916-18.8363N+30.1188P+64.9666K-2.4579NP  0.8105 182.02 82.58 83.22 9444.19

Shandong Province

-4 5608NK-2.5704PK+3.3701N%+2.2650P%+1.2661K?

BERY P N O IR P ORI, KOs

N is the N fertilizer consumption; P is the P fertilizer consumption; K is the K fertilizer consumption
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