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Abstract of the thesis presented to the Senate of Universiti Putra Malaysia in fulfillment 

of the requirements for the degree of Doctor of Philosophy 

 

DEVELOPMENT OF DUAL-PURPOSE DISC AGROCHEMICAL 

APPLICATOR FOR FIELD CROPS 

 

By 

MOHAMMED SHU’AIBU ABUBAKAR 

September 2011 

 

Chairman:    Desa Bin Ahmad, PhD, P.Eng 

Faculty:         Engineering 

 

The thesis focuses on design, fabrication, development and evaluation of a new dual-

purpose disc agrochemical applicator for field crop to boost agricultural mechanization 

in food production and also to overcome the safety concern of hazardous spray drift 

from hydraulic nozzles during chemical application by the farmers. Small and large 

scale models of the new concept dual-purpose agrochemical applicator were 

successfully developed and evaluated. The small scale equipment was driven by variable 

rate DC motor and rheostat for disc rotary speed variation. The full scale model (for real 

application) was propelled by PTO shaft of a high clearance tractor using a step-up gear 

box for disc speed variation. The dual-purpose equipment’s performances for both 

granular and liquid chemical application were reported. The performance of the 

equipment is highly dependent on some physical properties of the chemical to be applied 

such as density, coefficient of friction, size distribution, viscosity, surface tension as 
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well as prevailing weather conditions like air temperature and humidity. However, the 

effects of these physical properties were not reported in this study. 

 

The dual-purpose agrochemical applicator was tested at application rates of 40 (low), 80 

(median) and 120 kg/ha (high) as well as 50 (low), 100 (median) and 150 kg/ha (high) 

for the urea and NPK granular chemical fertilizers respectively. Rotary disc speed was 

varied at four different levels 550, 700, 850 and 1000 rpm with three different 

combinations of 2, 4 and 6-vane disc. Result suggests that the best granular distribution 

coefficient of uniformity (CUG) of 18% and 19% were achieved at median application 

rates 40 kg/ha and 50 kg/ha at 550 rpm disc speed and with 2-vane disc for urea and 

NPK respectively.  The worst CUG was obtained at 1000 rpm disc speed combined with 

6-vane disc for the both fertilizers. An optimum average working width of 1.8 and 2.1 m 

in correspondence with CUG values of 18 and 19% for urea and NPK granular fertilizer 

respectively were achieved. 

 

HC amine 48 and NASA glyphosate liquid chemical solutions were each tested at 

application rates of 30 (low), 60 (median) and 90 l/ha (high) at four different rotary disc 

speeds of 2000, 3000, 4000 and 5000 rpm with three different diameter discs of 300, 

400, 500 mm. Result shows that the average values of volume median diameter (VMD) 

range from 342-102 µm and 344-108 µm at 2000-5000 rpm rotational disc speed at 

different values of application rate for NASA glyphosate and HC amine 48 liquid 

chemicals respectively. The average value of the number median diameter (NMD) varies 

from 86 to 208 µm and 82 to 209 µm for NASA glyphosate and HC amine 48 liquid 

solution respectively. These values were determined in order to ascertain the liquid 
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solution spray characteristics. The average values for coefficient of uniformity of the 

droplet spectrum (CUL) expressed as VMD/NMD were found to be in the range from 

1.25 to 1.63 and 1.22 to 1.65 for NASA glyphosate and HC amine 48 liquid chemicals 

respectively. 

 

A comparison in terms of liquid chemical solution deposition between the new 

developed dual-purpose rotary disc chemical applicator and the results of commonly 

used conventional knapsack sprayer with flat fan pressure nozzles reported from 

literatures showed that the latter when operating at a disc speed of 5000 rpm and 

application rate of 90 l/ha was found to produce spray droplet size of 79%  ranging 100-

250 µm compared to reported results of former with droplet size of 80% ranging 250-

350 µm. This indicates that the new concern application method can produce a narrower 

range of droplet size than the conventional hydraulic nozzles methods. Also liquid 

chemical application techniques producing larger droplets size may have unexpected 

application efficiency and environmental pollution. Lastly, results from the field 

experimental tests suggest that the average effective field capacity for the equipment on 

a prime mover was found to be 0.89 ha/hr or 7.12 ha/man-day for a 8 hour working day, 

when compared with the motorized mistblower knapsack sprayer and conventional 

knapsack sprayer with 0.35 ha/hr (2.8 ha/man-day) and 0.20 ha/hr (1.6 ha/man-day) 

respectively. This shows 4 and 6 times lower than when the new developed equipment 

was used for chemical application instead of motorized mistblower knapsack sprayer 

and conventional knapsack sprayer respectively. A benefit of an operational cost saving 

of RM7.7/ha (USD2.6/ha) and RM12.5/ha (USD4.2/ha) were revealed by using the new 
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developed equipment as compared with the use of motorized mistblower knapsack 

sprayer and conventional knapsack sprayer respectively. 
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PEMBANGUNAN CAKERA DWI-GUNA PENYEMBUR AGRO-KIMIA UNTUK 

TANAMAN LADANG 

Oleh 

MOHAMMED SHU’AIBU ABUBAKAR 

September 2011  

 

Pengerusi:    Desa Bin Ahmad, PhD, P.Eng 

Fakulti:         Kerujuteraan 

 

Tesis ini memberi fokus kepada  pembangunan dan penilaian “Alatan  Aplikasi Bahan 

Kimia Cakera  Dwifungsi” dalam penjenteraan tanaman lading bagi peningkatan hasil 

disamping mengurangkan kehilangan semburan bilamana semburan keluar dari 

muncung penyembur semasa kerja penyemburan dilakukan oleh pesawah. Model skala 

kecil dan skala besar yang mengunakan konsep penyemburan dwifungsi ini telah berjaya 

dibangun dan dinilaikan. Model alatan skala kecil dipacu oleh DC motor kadar berubah 

dan rheostat bagi perubahan kelajuan putaran piring. Model alatan skala penuh atau 

besar (untuk kegunaan sebenar) dipacu oleh Aci PTO Traktor Kelegaan Tinggi 

menggunakan Kotak Gear Peningkat untuk merubah kelajuan. Prestasi Alatan 

Dwifungsi untuk aplikasi bahan kimia berbutir dan bahan kimia cecair telah direkodkan. 

Prestasi alat bergantung  pada sifat fizikal kimia yang digunakan seperti ketumpatan, 

pekali geseran, taburan saiz, kepekatan, tegangan permukaan, juga keadaan cuaca 

semasa seperti suhu udara dan kelembapan. Namun, kesan sifat fizikal tidak dilaporkan 

dalam kajian ini. 
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Alat Aplikasi Kimia Dwifungsi ini telah di uji pada kadar 40 (rendah), 80 (sederhana) 

dan 120 kg/ha (tinggi) untuk baja urea butiran, dan pada kadar 50 (rendah), 100 

(sederhana) dan 150 kg/ha (tinggi) bagi baja NPK butiran. Putaran piring dilakukan  

pada empat peringkat kelajuan iaitu 550, 700, 850 dan 1000 psm dengan tiga kombinasi 

berlainan iaitu 2, 4 dan 6 sayap piring. Keputusan mencadangkan iaitu koefisi CUG 

taburan butiran terbaik adalah 18% dan 19% diperolehi pada aplikasi kadar sederhana 40 

kg/ha dan 50 kg/ha, pada kelajuan piring 2 sayap 550 psm untuk baja urea dan NPK, 

masing-masing. CUG terburuk tercatit oleh kombinasi piring 6-sayap dengan kelajuan  

1000 psm bagi kedua-dua baja. Purata kelebaran kerja optima adalah 1.8 dan 2.1 m 

seiring dengan 18 dan 19% nilai CUG bagi urea butiran dan NPK butiran telah tercapai.  

 

Bancuhan cecair kimia HC amine 48 dan NASA glyphosate masing-masing diuji pada 

30 (rendah), 60 (sederhana) dan 90 l/ha (tinggi) kadar semburan pada  empat kelajuan 

berbeza 2000, 3000, 4000 dan 5000 dengan tiga diameter piring berlainan 300, 400 dan 

500 mm. Keputusan menunjukan purata nilai VMD dari 342-102 µm dan 344-108  µm 

pada kelajuan 2000-5000 psm putaran piring dengan kadar applikasi untuk NASA 

glyphosate dan HC amine 48 yang berbeza.  Purata nilai NMD berubah dari 86 ke 208 

µm dan 82 ke 209 µm masing-masing untuk  NASA glyphosate dan HC amine 48. 

Semua nilai ditentukan bagi pengesahan sifat semburan setiap cecair. Purata nilai CUL 

sebagaimana VMD/NMD didapati dalam julat 1.25 ke 1.63 dan 1.22 ke 1.65 masing-

masing untuk NASA glyphosate dan HC amine 48. 
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Perbandingan titisan semburan yang meliputi target antara Alat Aplikasi Bahan Kimia 

Putaran Piring Dwifungsi dan Alat Penyembur Galas Konvensional (CKS) 

menggunakan nozel kipas rata bertekanan hidraulik dari kajian-kajian bertulis 

menunjukan 79% penghasilan titisan bersaiz 100-250 µm  berbanding Alatan Dwifungsi 

memberikan 80% titisan bersaiz 250-350 µm. Ini menunjukan Alatan Baru 

menghasilkan julat saiz titisan yang lebih kecil berbanding kaedah konvensional. Teknik 

penghasilan titisan yang bersaiz lebih besar dari cecair kimia boleh merubah kecekapan 

aplikasi dan pencemaran persekitaran. Keputusan dari ujian ladang mencadangkan 

purata keupayaan ladang berkesan meningkat kepada 0.89 ha/jam atau 7.12 ha/buruh-

hari untuk 8 jam  hari kerja, berbanding penggunaan penyembur galas bermotor dan 

lain-lain penyembur konvensional masing-masing sekadar 0.35 ha/jam (2.8 ha/buruh-

hari) dan 0.20 ha/jam (1.6 ha/buruh-hari). Penggunaan alat ini menjimatkan kos operasi 

sebanyak RM7.7/ha (USD2.6/ha) dan RM12.5/ha (USD4.2/ha) berbanding penggunaan 

Alat Penyembur Galas Semburan Bermotor dan Alat Penyembur Galas Konventional 

masing-masing. 
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