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THE DEVELOPMENT OF PROTOTYPE MOBILE SEED DRESSING APPLICATORS 

SUIT ABLE FOR AFRICAN COUNTRIES 

PC H MILLER; J D POWER 

Summary 

I. 

2. 

Work by Silsoe Research Institute was directed a: designing a pedal oper.ued batch seed treatment 

unit with a maximum capacity of IO kg per batch. The design was based on an existing unit as 

recommended by the Chief Technical Advisor to the project and the design and development study 

aimed at producing a mechanism which was relatively light and portable, could be fabricated without 

specialist tools and was sufficiently robust to operate in field conditions with a minimum of operator 

and environmental cont2mination. The main features of the design study were: 

(a) 

(b) 

(c) 

(d) 

the use of a plough disc with added roughness elements to increase the friction between 

the disc rotor and the loaded seed batch; 

a fabricated rotor housing and bearing support system for the disc which was driven from 

a pedalled crank via a vee-belt drive and free-wheel arrangement; 

the lL<ie of a spinning disc for distributing the chemical within the treatment chamber \vi th 

the disc directly connected to the main rotor and driven at the same speed from the same 

drive shaft; 

an examination of the feasibility of using an air flow through the gap between the rotor 

and the stator such that the need for close tolerances could he relaxed - this was found not 

to be a practical approach . 

Performance assessment-; were conducted involving: 

(a) in-country field trials in Zambia and Tanzania whkh aimed at assessing the operating 

characteristics of the.! design, the! suitability and acceptability of the unit in realistic 

condi:ions, the ability to treat the required range of seed types <>'ld to assess the quality 

of ~eed treatment that could he. achieved; 

• 
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3. 

4 . 

(b) 

(c) 

- ii -

developing tracer dye techniques for visuali; assessing the quality of treatment and for 

making measurements of chemical deposits on individual seeds using spectrophotometry 

techniques - facilities for making such observations were set up in the two African 

countries visited; 

subjecting defined batches of seed to given treatments such that they could then he used 

in field trials . 

Results from the design and performance assessment study showed that the propos~d unit was 

capable of achieving a good quality treatment (coefficients of variation of deposits on seeds of 

typically 25 % ) and, at the end of the work, was well suited to the proposed method of operatio.1 and 

the expected working conditions. Two experimental units constructed by Silsoe Research Institute 

as part of the project were left in Zambia and Tanzania (one in each country) on completion of the 

in-country trials work. Other key results from the study were: 

(a) 

(b) 

(c) 

that operation of the main rotor formed from a plough dis1.: at speeds of approximately 

250 rev min· 1 gave a good mixing action with a range of seed types and with a power 

consumption that could be provided by a pedalling input; 

that the liquid distribution disc could operate satisfactorily at rotational speeds down to 

200 rev min·1 at flow rates in the order of JO ml s·1
; 

field trials with different batch sizes indicated that many operators maintained effective 

operation at th<~ required rotational speeds for longer periods if the batches were less than 

10 kg: this has implications for the future development of the unit since it would be easier 

to construct a smaller unit with a reduced maximum capacity particularly in respect of the 

close tolerances on the clearance between rotor and stator . 

Staff at Silsoe Research fn<;titule contrihuted to other work in the project associated with: 

(a) the de.-:i.gn and evaluation of other treater designs including a larger tractor operated unit 

the design of which was kd by TEMDO in Tanzania; 

(b) the training of African personnel associated with the project during visit<; to the UK . 
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THE DEVELOPl\IE!\T OF PROTOTYPE l\IOBILE SEED DRESSISG APPLICATORS 

SUITABLE FOR AFRICAN COUNTRIES 

PC H MILLER; J D POWER 

I. lntroductjoo 

1lk! use of eftective seed treatment systems offers the potential tll impro-:e ::;uhstantially the pnlJuction of 

many grain crops grown in Africa from farm-saved seed. A com:ctly applied treatment wiil protect both 

the seed and the developing plant in the early stages of growth and ht!nce reduce the need for subsequent 

(l\!Sticide use (Rennie, 1993). Elsworth ( 1993) estimates that losses of seed and food grains during post 

harvest storage may he as high as 403 in African countries . 

This report summarises work conducted by Silsoe ReSt!an:h Institute as part of a UNIDO funded projec! 

(Ref No: USIRAF/881273) which was undi::rtaken during the period Man:h 1993 to July 1994. Details of 

the work undertaken and the result-; obtai!k:d has been pn:sented in two annual reports (Miller. Power and 

Wainwright ( 1993) and Miller and Power ( 1994)) presented t1l UNIDO. In addition t1l an overall review 

of the re!:ults obtained, the opportunity is taken in this report t11 re-examine: 

(a) the measurement-; of air flow through the clearance gap hetween rotor and stator in the seed 

treatment unit which may have enahlt:d the requirements for close tolerances to he relaxed; 

(b) the design of the chemical distributing disc to pr::vent seed collecting on the disc wllen loading 

sec~; hatches; 

(c) some proposals relating to the closed handling of liquid t:irmulations if these can he made available 

in regions where the equipment will he used . 

2. Deshm uC the seed treatment equipment 

2.1 Rotor and rotor housin~ dl'Si~n 

The experiment licld w11rk carried out in 7..amhia cind Tam:ania rnntirmcJ that the machine o;hnuld he 

capahle of treating a maximum of 10 kg sel·J hall:h anJ that this could he ad1iewJ hy using a rotor with 

a diameter of 500 mm . 



Th: rutor u.~ was ha..~d lln a 20 in (508 mm) diameter disc fnim ;m agricultural laisc harrow (lkeversales 

Compmlc!nl" Ltd in the UK) which was machinc:d at th;! c:dgc: ll1 the 500 mm Jiamc:tc:r. 

As previously reported (Miller and Power, 1994), the: expc:rimc:nt examining the use of increased 

rotor/rotor housing clear.tnces anJ an air tlow through the clc:arance shl1wed that this was not a feasible 

approach and that there was no alk!rnative to u.'iing a small ckarance hetwe!!n theSt! two components. The 

design therefore aimed at maintaining a clearam:e of approximatdy 0.5 mm and it was found •o be 

necessary to madaine the edge of the plough disc to achieve this clear.tnce. 

Discussions with the Chief Technical Adviso1 tll the: project following the suhmission of the report 

describing \\Urk conduck!d hy Silsoe Research Institute in the pc:riod August 1993 to July 1994 questioned 

the valllt!S of air tlow compuk!d fmm pres..,"Ure mt:asuremc:nLo; made in an exper!mental rig study described 

in this report (Miller and Power, 1994). This questioning was hased on using the calculated volumetric 

tlow rates (St!e Table I in Miller and Pmver, 1994) to calculate air veh:ities through the clearance gap 

bel\\-ttn the rotor and stator. This clearance was assumed. as an l•ver-estimate, to he 2.5 mm around the 

whole of the periphery of the rotor and this gave a mean air vdocity in the order of 16 m s· 1
• This is 

arove the terminal vdocity for many set!d typt!s (typica:ty in the ordt!r of 10 m s· 1
) and therefore should 

have prevented seed loss. However substantial St!ed loss was measured in expc:rimenl'i with rape seed 

having a mean diamc:ter of 1.8 to 1.9 mm. 

These calculations have hl!c:n re-chc:cked and rc:visc:d values are now presented in Tahlc: I. These are 

approximately 303 of the values originally presen:c:d hut with the: same p'"essure difference values and 

reprei:ent a mean air velocity, assuming a clearance gap of 2 .5 mm, of 5.3 m s· 1
• If tht! clearance wert~ 

reduced to 1.25 mm, the air velocity would then he dose to tht! terminal velocities of seeds hut variations 

in clearance around the trt!atment drum may still result in substantial seed loss. Thi! power required to 

generate the air flows sho·wn in Table I were such that, when added to the rotor power, thty could not he 

readily generated using th;: pedal drive system. The use of an air flow may have preven·ed the loss of 

S(•nte powdered chemical through the ckarance gap hut would give problems Jue to the power requirement 

and the risk of operator and environmental contamin;1tion wi1h the powder laden air. 

Lahoratory rig work hascJ on a modified "Rotostat" machine had sh11wn th:it it was necessary t<' inaeasc 

the surface roughness of thi.: disc so that the si.:ed toroid •vas fully formed in the treatment d1amhl!r 

(Liptrot, 1991 ). This was eflcctiv 'ly achieved in the cxpt•rimcntal dcsign hy spot welding c:ight 100.0 mm 

long, 10.0 mm wide and 1.0 mm thick rihs radially onto the dis~ surfac•· at the outer radius. 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
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Tuhle I : Summary of results assessing the effect of an air now across the rotor/rotor housll"lg clearance 

Seed Rotor Fan On Measured Pres.'\ures mm of Culculuted Air Flow Measured Commt>nls 

Type Speed, H10 (see Figure I) Rates Sf:ed Leakuge. 

rev min·• Pl P2 P3 kf,?min·1 m3 min·•• % 

!'lo seed Static Yes 28 42 140 I. 11 1.31 NIA Full fan flow. 

:--:l) Sl!ed 300 Yes 29 47 140 1.08 1.28 NIA Full fan flow. 

Wheat 300 No -- -- -- -- -- < 1% Seed jammed in gap. Some seed damage. 

Wheat 300 Yes 37 73 139 0.91 1.08 < 1% Much less tendency to jam. Some 

danuged grain in fan outlet. 

Rape 300 No -- -- -- -- -· 59.8 99.5% of seed accounted for overall. 

Rape 300 Yes 26 36 132 1.09 1.30 40.2 99.5% of seed accounted for overall. 

·at a room temperature of 20"C and with measured humidily and atmospheric pressure conditions. 



- -t -

The main part of 1h.: ri1tur housing was fla~J on a 25.0 mm !hid.: s1ed annalar ring to which a bearin~ 

a~mbly :mppnm:J on lhree kgs was wdJeJ pri,;r to stn:ss rdic:ving ar.J final machining. The seed 

treatment chamher was ti.1rrnai from a mlla:l ~'"tl!el sh~t anJ tinaJ with a wn1.xkn lid. The whole assembly 

was sur;-,urted on three legs as shown in Figure I. This arr.mgement proved to be workable in African 

l."000.itions, and d&e madli~ pru\'eJ llJ he hoth ruggoo and portahk. It is not envisaged that any departures 

from this design would he ~cessary unless dictated hy local manufacturing considerations. 

2.2 Pedal drin~ arrangement 

A standard hicyde crank was connec1ed 1,1 a Jri\'e pulky anJ a heh Jrive useJ to rotate the main rotor 

shaft (Miller anJ P1.1wer. 1994, Section 2.·k). The design speed for the rotor was between 240 and 

300 rev min·• and a 3: 1 ratio was useJ in the final dri\·e such that pedalling speeds would be in the range 

80 to 100 rev min· 1 (Astrand and RoJahl, 1977). A free-wheel was huilt-in to the final shaft drive to 

improve the operatilln of the machine since !here \\~.ts no requirement to reverse the rotation of the rotor 

for emptying - the discharge do1.1r heing designed 10 "plough" out the seed toroid. Following the 

modification.~ 10 the door design and adjustment of the heh run carried out in the Zambian field trials, the 

arrangement worked well anJ proveJ rdiahle ~nder tielJ lrial conJi1ions. 

2.3 Chemical distrihution disc 

The spinning disc workeJ as expt:ctc:J when connr!cleJ directly 111 the mixing m1or, presenting the chemical 

to the seed as a relatively coarse spray. 

With hatch sizes of up 10 10 kg of seed, and a 1reatmen1 cycle lime of 30 seconds the lreater gave 

con.~is1ently uniform dis1rihu1ions (Milla anJ Power, 1994, Sc.:c1ion 2.5 Pc:rti.innance Assessments). 

During the field trial wor!: in Zamhia and panicularly in Tanzania (wht:rc sc.:cJ hatch sizes tended to he 

larger) it w.:s no1keJ that wilh ha11:h sizes approaching the 10 kg maximum loading !here was a tendency 

for sa:d 10 fall onto the: chemical disc Juring hiaJing, nr if 11".c rotnr was :;1oppeJ wi1h a full charge. It is 

recommcnJ.:d (Milkr and Power, 199-t, Sec lion 6. 2) thar a shrnuJ l'I\! uscll Ill protccl tl1i> main part of the 

liquid spreading disc (si:e Figure 2). This would minimise the c11ntact of seed with 1he disc surface. It 

would he imporlant to kave a large enough dearan~·c: for any sel·J which JiJ cnlcr lhe disc to he 

dischargc.:d, as inJicateJ in Figure 2. 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
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Figure I : General arrangement of rhe porrahk seed trcatmcnl unit design 
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Figure 2 : Cove,. arrangement for the liquid spreading disc to minimise contact of seed with the disc surface 
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Handlin& the chemical formulation 

The absence of a liquid chemical formulation had important implications for the potential operator, 

by-stander and environmental contamination with the system (Miller and Power, 1994, Section 6.3) . 

1be use of a syringe to deliver the chemical to the seed trea:ment chlmber worked well with the Fernisan 

'D' slurry in Taru.ania, but in Zambia the unstable nature of the lbirasam M suspension made it 

unworkable, and the slurry had to be introduced via an open funnel in the treater lid . 

Provision of a liquid formulation would allow the use of a closed transfer/induction system which could 

be mounted on the treatment machine (Figure 3). This could be a simple hand operated pump, graduated 

to indicate loading. Provision for mounting the chemical shipping container on the machine could then be 

made. This would not be possible with unstable slurries, which require constant agitation . 

3. Evaluation trials 

3.1 In typical working environments 

The design of the Silsoe pedal-driven seed treater proved suitable for use in African conditions. The field 

triai .::ork in Zambia and Tanzania indicated that the value of seed treatment was understood, and that a 

machine of this type would be well received. The important considerations of cost and availability will 

have to be met, and any problems of local manufacture will need to be overcome without sacrificing 

critical tolerances. TI1e simple design and operation of the pedal powered rr.achine should ease the 

important dissemination phase. Figure 4 shows the Silsoe machine at Situmbeko, Zambia, where the 

cooperative of farmers were treating their own seed with Thirasan 'M'. The chemical was particularly 

difficult to keep in Sll'>-pen.'lion, and this was being done hy the Silsoe operative. If a liquid formulation had 

been available, the whole process could have been soldy taken over hy the local work force with a 

minimum of preliminary instruction . 
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Loading synrQe 

1. Metering, and Introduction of Chemical 
using hand held syringe 

Funnel 

2. Transfer and introduction of chemical via 
machine mounted graduated pump 

Figure 3 : Proposed design relating to closed handling of liquid formulations 
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! 

a< .Jft_ 
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Figure 4 : Seed treatment unit in operation in Situmht:ko, Zamhia during field evaluation trials 

3.2 Mea.o;ured performanre and field lrh1ls 

The performance of the trt'.ater wets assessed with regard to uniformity of coverage, this was done visually, 

and u~ing ii-pectrophotometric techniques (Miller and Power, 1994, Section 2.5). The result~ show good 

levels of uniformity within the treated seed with coeftki.:.nts of variation in the range 14.3 to 32.2%. A 
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typical distribution of deposits is shown in Figure 5. The method of determining deposits on individual 

treated seeds was shown to be effective part.ictJarly for Sc:eds of the size of UK produced cereals (wheat 

and barley) and maize and beam in Afiica. Some problems were encountered with small seeds especially 

where the seed sample confaincd a level of dust which was also carried on the surface of individual seeds. 

Hence, although some data for the performance with sorghum was obtained from trials in Zambia, it is 

reoommcOOed that fur1hcr work be conducted to examine the distribution of deposits on small seed types. 

1be low volumes on individual seeds may give sampling problems at the single seed level that carmot be 

resolved by spectrophotometric methods using currently available dyes. Recent work at Silsoe Research 

~IUte has aimed at identifying dyes that are soluble and have a good light absorbance characteristic such 

that the resolution of deposits on small seeds may then be possible. 

1be perfo.-mance was also assessed during field trials with maize and sorghum in Zambia and with maize 

in Tanzania, these results compared favourably with the original measurements. 

In trials conducted in the United Kingdom with wheat seed using the unit fitted with the ribbed plough disc 

rotor to apply water-based tracer dye treatments, assessments were made of the germination both before 

and after treaunent. There were no statistically significant differences in any of the seed batches tested 

but there was some trend towards higher germinations with the treated seed batches. This may be related 

to the effects of surface abrasion or surface moisture content (unlikely since the added water is a very 

small percentage) together with dormancy effects and is worthy of further study. Such a study was outside 

the scope of the current project. 

4. Concludh12 remarks 

Much of the work on the collaborative project underraken by Silsoe Research Institute was conducted 

during the period March 1993 to August 1994. Details of the work and the results obtained have been 

reported to UNIDO in two annual reporlc;. This report has hrietly reviewed the results of the study and 

has used the opportunity to re-examine some of the features resulting from the work. 

It is concluded that the final design produced for a pedal-driven seed treatment unit provides a good hasis 

for commencing the commercial full·s~ale development of the treatment of farm saved seed. 

Development-; are likely as the concept is further developed and it is hoped thar in the first instance, these 

would relate to the provision of liquid formulations of the treatment cherr. ical enabling improved handling 

and an identification of the sizc(s) of unit most imitt.>d to the range of operating condirions. 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

25.0 

20.0 

I 
~ 15.0 
+' c 
I 
~ 
I 10.0 a. 

5.0 

0·~.025 
. 

- II -

SEED TREATMENT ASSESSMENTS 
Distribution of dose 

~ 

~ 
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Figure 5 : The distribution of dose on treated wheat seed. Tracer dye applied at JO ml kg·•; 20 s 

mixing time, 250 rev min·• with the plough disc rotor. Target dose = 0.57 µI/seed. I hour soak time . 
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