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Design and Experiment of Rice Side-deep Variable Rate Fertilization
Control System Based on Prescription Diagrams

WANG Jinfeng LU Zhenyang ZHAO Minyi WANG Zhentao
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract. To address the issues of fertilizer resource wastage and the inability to achieve spatially
differentiated nutrient supply in rice side-deep fertilization due to the lack of scientific prescriptions and
intelligent decision-making, a prescription map-based variable-rate fertilization control system for rice
side-deep fertilization was designed. Combining fertilizer application theory analysis, controllable factors
influencing the fertilizer application rate in variable rate fertilization operations, including fertilizer shaft
rotation speed, external groove wheel working length, and machine forward speed were identified to
explore fertilization control strategies and construct and train an intelligent decision-making model based
on neural networks. Using the soil nutrient balance method combined with the Kriging spatial
interpolation method in ArcGIS, a fertilization prescription map was generated. Subsequently, the
hardware and software for the rice side-deep variable rate fertilization control system were designed and
integrated into a rice transplanter for performance testing. The precision test of the bivariate control model
for fertilizer amount showed a maximum application error of 3. 27% , a minimum error of 0. 06% , and an
overall average error of 1.23% . Results from the target fertilization amount accuracy test indicated that
the average application rate errors for urea, diammonium phosphate, potassium sulfate, and blended
compound fertilizer were 4.60% , 4.41% , 4.18% , and 3.66% , respectively, with average dosage
errors of 5.04% , 4.83% , 3.81% , and 4. 84% . In field tests guided by electronic prescription maps,
the system obtained 54 867 valid positioning points with six positioning errors, all occurring near field
boundaries, the average broadcasting amount error for partitioned and fixed-point variable fertilization was

4.23% . The results demonstrated that the integrated rice transplanter with side-deep variable rate

Wk H# . 2024 05 — 14 & H . 2024 —07 — 04
ELWA . EREAHFEIRIITH (2021 YFD200060502 ) Fl I EH A A A AT 3 < 5 BUACA M 7 M 4 AR A4 R B (i BF 2 %35 H (CARS — 01 — 44)
EEEN: T&E1981—) 5 #0471l 4 A4 0, 3228 A ik A BB AL 2 & FSY , E-mail: jinfeng_w@ 126. com



152 & ok L

Mo 2024 4

fertilization capabilities had high application rate accuracy and stability, and the control system exhibited

high precision in fertilizer amount control.

Using electronic prescription maps to guide fertilization

operations was practical and reliable, enabling integrated intelligent variable-rate fertilization during rice

transplanting.

Key words: rice; side-deep variable rate fertilization ; prescription diagram; bivariate control; intelligent

decision-making
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Diagram of components of rice side-deep variable

Fig. 1

rate fertilizer applicator
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Tab.1 Basic technical parameters of rice side-deep
variable rate fertilizer applicator
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Fig.2  Control system schematic diagram
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Tab.2 Material parameters used in DEM
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Tab.3 Contact parameters between various materials
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Main control flow chart
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Fig. 12 Main interface of control system
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2400 kg/hm* 5 A6 3, f HIL 41 AT 15K 0. 8.
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10 s, g0 25 HOBCAE R rh 1 BERL, 2R MTB1000D — B
RUSRE B i RO AT AR i, B AR BT & 3 IR, R
3R IRIE S B At AR R 22 V5 A HE A it
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2K 0.15% ~2.35% ; B Fijiti i &K 1 500 kg/hm’
B, % 2 0.58% ~ 3.03%; H Fr i I& &
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K AH 3.27% , % 25 i /NMAE 0.06% , 5 F 2y iR 22
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il 72 G0 19 0 ot 2R 2 08 0 B v, 85 9 e ) U A A
RE AR f- Hb Ttk A2 S 1o FH 75 5K, AT 4 A 2 G2 v S s 4
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Tab.4 Fertilizer application rate control accuracy test results

1200 kg/hm? 1 500 kg/hm?

1 800 kg/hm?

2100 kg/hm? 2 400 kg/hm?

.
(f:i) Lhr  HME/ RE/ SR HME/ R/ PR YA/ R%E/ SLPRE BE/ RE/ LR ME/ Rz
NEH/g g % NEH /g g % e /g g %o EHE /g g % NEHE/g g %
77. 84 103. 28 113.78 147. 86 159.24
8.0 80.23 79.06 1.18 96.73 99.19 0.81 117.23 117.49 2.09 137.29 139.91 0.06 158.36 160.43 0.27
79.11 97.55 121. 45 134.57 163.70
81.56 99. 14 122.91 140. 92 160. 89
1.0 83.72 80.52 0.65 101.92 100.58 0.58 114.67 121.82 1.52 132.45 138.37 1.17 167.02 160.56 0.35
76.29 100. 67 127. 89 141.73 153.77
82.95 109. 02 128.12 146. 21 160. 06
1.2 78.07 81.88 2.35 93.81 101.73 1.73 115.55 121.33 1.11 145.08 141.35 0.96 161.11 159.60 0.25
84.63 102. 36 120. 33 132.76 157. 63
75. 45 104. 89 119. 01 139. 18 168. 43
1.4 80.91 80.12 0.15 108.47 102.30 2.30 126.78 119.24 0.64 139.54 142.44 1.74 155.52 160.63 0.39
85. 00 94.55 111.92 148. 60 157.93
79.76 110. 00 129. 37 133.79 166. 26
1.6 76.88 79.66 0.41 100.33 103.03 3.03 118.64 123.92 3.27 147.02 141.72 1.23 160.71 164.05 2.53
82. 36 98.76 123.76 144. 36 165. 19
81.17 91.99 112. 88 137. 84 163. 55
1.8 75.99 80.48 0.60 95.45 98.08 1.92  125.20 122.69 2.24 131.97 138.48 1.09 159.08 160.51 0.32
84.28 106. 81 130. 00 145. 62 158.90

3.2 BHiEREEESERELR
SR T I 7K AR A 0 R i A ALK o A 'ﬂ%
SEVE HEAT T b bt N 2 v R e ([ 16) .
FH b E A KRR A Mﬁﬁlﬁf\ﬂ"’ﬂglﬂﬁGB/T
2440—2001 AL Mm IR R, KR A S ERTH

T 46.4% , ki % H 0.85 ~2.80 mm, AL fb AR A R
25 A 7 BE AR GB/T 10205—2009 4% 4832 4= 7 Wy 41
GmBEIR M, RS R R TEHET 64.0% , It
F Al 4R A I A FR A W] 2 8 GB/T 20406—2017
T 2 v 0 20 A 7 Y B R B R, K R AR AR
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Fig. 15 Fertilizer application rate — speed distribution graph
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Fig. 16 Experiment on accuracy of target fertilization

of rice variable fertilization machine
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Tab.5 Accuracy test result of target fertilization amount

Hbrfiffit/g Wwt WEIRE/ P R/ %
275 R%E 4.86 5. 64
220 PR%E 4.39 5.21
260 JRE 4.55 4.28
245 IR = 3.98 4.62
285 W R e 4.37 5.06
210 Wi e 4.89 4.83
275 R 4.10 3.89
195 R 3.81 3.58
245 i R 4. 64 3.97
225 BIREAST 3.88 4.35
240 BIRE S 3.24 5.61
210 BIRE AT 3.87 4.57

A A AT, R R A R RRE 6 TR K R e
A SR BE AL, AR IR B b it T 5 v A 1 AR E 1
H it I 15 5 o o e e ) 4 45 R R Y < AR R
il 14 7K R AR A it A ML AE 5 1 H ARG T, IR
OB e BIRE A R R R 25
Wk 4.86% 4.89% 4. 64% FI1 3.88% , ¥
R4 BIK 4.60% 4.41% 4.18% F1 3.66% , I
KamEiREN MR 5.64% .5.06% . 3.97% F
5.61% , V- ¥ 7R 5t 1% 22 50 K 5.04% . 4.83% |
3.81% F14.84% . 4 Wi B By K A 4 Bl ) % A2
Jit JE — A AL R (A 5 AT 5 ey 1 R 1 RS B N A e AR
PR, ¥ 2 G0 H A 5w i s 5ok B U KOS R A2
il AR ML AT B 4 v T R4 M ORS B RS
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Fig. 17  Field test site
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