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Abstract; In view of the problems of poor fertilizer discharge uniformity and low fertilizer discharge stabili-
ty caused by large fertilizer discharge pulsation in the process of fertilizing orchards with spiral fertilizer
applicators, a two-stage spiral fertilization device was developed. The optimization of the discharge angle
of the side fertilization port was conducted using EDEM simulation software, and the effects of different
speed ratios of the upper and lower screws on the uniformity and stability of fertilizer discharge were stud-
ied. Indoor bench tests calibrated the amounts of fertilizer for a single-revolution discharge of compound
fertilizer, urea and organic fertilizer, and established a fertilizer discharge control model. A precision vari-
able auto-targeting remote fertilization control system was designed with STM32F103RCT6 microcon-
troller as the core. The device’s targeting accuracy and fertilizer discharge performance were tested in out-
door greenhouse orchards. The simulation results showed that the discharge angle of the fertilization port
and the different speed ratios of the upper and lower screws could affect the uniformity and stability of the
fertilization device, with the optimal discharge angle being 50° and the optimal speed ratio being 1 ¢ 1. 5.
The average of uniformity variation coefficient for fertilizer discharge was 7. 35% , and the variance of fill-
ing coefficient was 0. 009. The indoor bench test results showed that when the motor speed was within
120 r/min, the maximum relative error between the actual and theoretical single-revolution fertilizer dis-
charge amounts for the three types of fertilizers was 3. 37%, and the maximum stability variation coeffi-
cient for single-revolution fertilizer discharge was 2. 83%. The device achieved accurate fertilizer discharge
and stable single-revolution fertilizer discharge amounts. The outdoor greenhouse orchard test results
showed that the maximum relative error between the actual and given fertilizer discharge amounts for a
single citrus tree was 4. 35% , the maximum starting point error for auto-targeting was 0. 17 m, the maxi-
mum endpoint error was 0. 08 m, and the fertilizer drop locations were all within the diameter of the citrus
tree canopy. The maximum stability variation coefficient for fertilizer discharge was 7. 22% . and the maxi-
mum uniformity variation coefficient for fertilizer discharge among the three types of fertilizers was
6.41%. The device effectively reduced fertilizer discharge pulsation, improved fertilizer discharge per-
formance, achieved small targeting errors, and met the requirements of precision variable auto-targeting
remote fertilization in orchards. This research aims to provide theoretical basis for optimizing the fertilizer
discharge pulsation issue in two-stage spiral fertilization devices and serve as a technical reference for preci-
sion variable fertilization.

Key words: agricultural machinery design; discrete element simulation; fertilizer; precision variable fertili-
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