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Effects of physical properties of fertilizer on the uniformity of
UAYV fertilization
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(1. College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China;

2. College of Resources and Environment, Jilin Agricultural University, Changchun 130118, China)

Abstract In order to explore the relationship between the physical properties of different fertilizers and the
uniformity of UAV seeding, the physical and mechanical characteristics of three kinds of compound
fertilizers and three kinds of granular urea were determined, and the physical properties of fertilizers
affecting the uniformity of UAV fertilization were explored under different flight speeds, different flight
altitudes and different centrifugal disk speeds, and the optimal operating parameters of various fertilizers
were preliminarily established. The results showed that: 1) The correlation between the uniformity of
fertilizer spreading and the specific gravity, angle of repose and bulk density of fertilizer was the most
significant, and other indexes affected the uniformity of fertilization by affecting the specific gravity, angle of
repose and bulk density of fertilizer. 2) The optimal parameters of different fertilizer adaptation are different,
and the spreading uniformity is the highest at 4 m flight altitude and 5 m/s flight speed, and 15-15-15 at
1 100 r/min speed. 3) Compared with other fertilizers, 15-15-15 has better uniformity and a larger amount

of fertilizer. The uniformity of 15-15-15 was generally higher than that of other fertilizers under different flight
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parameters, and the coefficient of variation was smaller. Its high strength and large sphericity significantly

improve the fertilization efficiency of rice, promote the sowing of fertilizer by drones, and reduce fertilizer

loss. Fertilizers adapted to drones can indeed improve the evenness of fertilizer spreading.

Keywords UAV fertilization; granular fertilizer;
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Table 1 Particle sizes of nine types of granular fertilizers %
L K123 A Particle size distribution
Variety 1~2 mm 2~3 mm 3~4 mm 4~4.75mm  >4.75mm
Kiki PR E Large granule urea 2.37 35.67 60.13 2.23 0
/NURL R % Small granule urea 85.87 14.07 0.04 0 0
H i JR 22 Medium granule urea 34.23 63.27 3.67 0 0
15-15-15 0.93 55.93 24.37 17.30 0.90
17-17-17 0.67 51.63 31.60 15.73 0.17
24-8-10 2.23 38.63 26.27 28.93 2.73
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Table 2 Strength and specific gravity

JIE ek b 2 i B /N /%
Fertilizer type Strength Pecific gravity

15-15-15 60. 04 1.61
17-17-17 54.32 1.64
24-8-10 34.31 1.39
/LR IR 5.90 1.15
Small granule urea

rh%ﬁ\.ﬂﬁﬁ 26.70 1.27
Medium granule urea

KRR 2 31. 44 1.28

Large granule urea

20.00 -
a
b
s £ i ‘
< 3 d d
E
=g L
== 10.00
S
£
< e ‘ ‘
000 ’7? 1 1
o S S 0GR Y
R Yﬁ‘h\%‘ X SRR
B S O
éé\yj\}%@ N q,@ vV RS @ @\\ N
S NS X8
& N o
& %6& \,‘Z’&
@@

JEEHSLF - Fertilizer variety
(a) WHRJE  Absorb moisture

2R NFRIR R & KR &M, S H
0.04% , 30 T 05 KPR IR F B & KK 0.15% ,
o R PR 38 #) 0.53% 5 15-15-15 % K e
KF]3.44%

AR BEEWIRERE, WEIFAHEM
K, 3F PR R 7 T A K AR 7 WO PR O AN
— L Z IR . R R R R K B
TR R R R RN /N kL PR ZE, H I 8 M A i
1K, U BH WV P A7 O B R e AR K, TS 2 AR B
(2 7K 5 7 T B R O Tk ) T RT RE 2
FEHRE., BEEEMRES S KEBH—

5.00 - a
b
4.00 -
<5 H
S L
=5 3.00
< 5
Sl d
Z2000 .
1.00 -
0.00 i
: D
&P )/{,%, @ S S \’\ N
GRS T B O e
AN N GO QX A o
& B N
S T R
N AN
S & N

JCRHE B Fertilizer variety
(b) # /K Water content

2 6THIERIBMMREES S KE

Fig. 2 Moisture absorption and water content of six fertilizer particles
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Fig. 3 Particle sphericity and bulk density of six kinds of fertilizers
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Table 3 Seven physical and chemical properties of fertilizers, such as strength ,specific gravity and angle of repose

HE 7 o B 2 9/2°4 LRITYE S kA [Eis NI
Bulk density Strength Sphericity ~ Wettability Moisture content Proportion Angle of repose
i B 1
Bulk density
B —0.564 1
Strength
BRIV B
HIrE 0.950"  —0.426 1
Sphericity
0 ¥ i
B —0.315 0.574  —0.366 1
Wettability
o €
§ 7j.($ —0.918" 0.510 —0.820" 0.108 1
Moisture content
e . 0.039 0.633 0.122 0.436 0.017 1
Proportion
Ik S —0.770° 0.926"  —0.662 0.571 0.729 0.533 1

Angle of repose

W22 R, P<0. 05, xR 22 M 3%, P<<0. 01, 5,

Note: * indicates significant difference, P<<0. 05, ** indicates extremely significant difference, P<<0.01. The same as Table 5.
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ARG 12 &) B e (1 4D
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Fig.4 Sowing amount and coefficient of variation of six fertilizers at different flight altitudes
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Fig. 5 Sowing amount and coefficient of variation of six kinds of fertilizers at different flight speeds
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Fig. 6 Dispersion uniformity and variation coefficient of six kinds of fertilizers at different centrifugal pan speeds

x4 TREEMHRET AVIELSH
Table 4 Optimal UAV operation parameters for different fertilizers

KATEE/m AT/ (m/s) B0 &/ (r/min)

Flight altitude Flight speed Centrifugal disk speed
15-15-15 3 6 1100
17-17-17 2~3 6 1 300
24-8-10 4.6 3.4 700
JNBURE IR 2 Small granule urea 4 4 700
rh k7 bR 2 Medium granule urea 4 4 900
KAWORL IR 2 Large granule urea 3 4 700
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x5 ERMEMERKSERESIOENX R

Table 5 Relationship between physical properties of fertilizer and uniformity of fertilization

AE A AL 171 5 2 Non-
. . " - I Z %
standardized regression coefficients FRAEAL B. AU
e — Standardized ,
2215 Category i 25 . t R
5 Standand regression
) ar}l a.r coefficients
eviation
‘% 1 Constant 65.120 5.9535 11.765
3 & Strength 0.204 0.049 1.098™ 4.128
[t Proportion —3.732 4.999 —0.203 —0.747
R 1k Angle of repose 0.075 0.034 0.105 2.202 0.996
7K # Water content 0.086 0.036 0.108 2.373
% [ Bulk densit 0.049 0.012 0. 124" 4.289
W B Wettability 0.027 0.030 0.028 0.895

JRAFIHE A AL . IR FR W ERIE B 5 HE % % )
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FER MG, X 5 E R BB
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3 mm, H5 B K /N4 60. 04,54, 32 1 34. 31 N,
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R R TR IR R ST R e HE S B X A . ARHF
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