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AostRACT 

Due to the tediolls nature of transplanting winter sorghum (Masahil(1) seedlitlgs 

using the heavy traditiolHlI dibble, a light modified version tnade of light, hollow 

sltong metals was produced based on analytical calculations al1d etgohomic 

consideration of the traditional dibble The tool makes 120 - ISO holes pet hour, 

estimated to be O.n12 to n.nls hectare per hour. TIle modified hole maker which 

has sharp pointed tip_ also incorporales water application device, at1d tnakes 240 

holes per hour or 0 .024 hectare per hour. AOer comparing their petfonnal1ces it 

was found that the modified hole maker is 40% more efficient thrth the 

traditional dibble. 
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cHAPtEIt ONE 

1.0 INTRODUCTION 

"Masakll'a" is a unique Winter Sorghum (sorghum bicolollr (L.) Moench) cultivar 

growll dur-ing the dry and cool harmattan period, Le. during the post-raIny season. It is 

therefore called "hannattan/winter" sorghum . Some call it "tirgi" sorghum In relation to the 

t:'irgi soil on which il is grown. It is a short-day. low temperatures (IS-30°C) and cold hight 

cultivar. It is also called the 111 iracle crop of Borno Slate. (BaSAO!>. 1996) 

Masaklt'n is the major cerenl crop grown on the vertisol (productive black cotton soils 

of 30 - 60% clay) of northeastern Nigeria, western Chad Republic at1d hotthetn Cametoun, 

I.e. ill the flood plain areas within Lake Chad to the north and Mandata Hills to the south . 111 

l1ol'lherri CailieroUn (Maroua). it is called "Muskl!lorr and represelHs 25 - 30% of the total 

sotghulll productiol1, while in Chad Republic, it is locally ktl0wh as "Betbere" (bjot1r1eW8 

alld bctngi. 1988). In Nigeria. the major producing areas are the l1ol'lheasteth, easteth and 
I 

southeasterll Bot'no comprising Kukawa, Mongtlno, Marte, Nganzal, Dihva, Ngala, Mafa. 

konduga. 8ama. Kala-Balge and (,woza local government areas; and Madagali in Adarliawa 

state. Its suitability to the environment, low production cost, numetolls Uses ahd 'good grain 

cjuality made the crop very popttlar in the producing areas (Anonymous, 1990). 

The cOlllmon types grown across the zones In the varioUs local govethh1ent areas are : 

Bulwalana (white). Aja'all1a (Cream), TUll1bulla (mixed brown) and I3ttntwlI (brown). The 

1'~l1kihg of the crop types is based on the type the cot11mtmity like most as their staple food 

cereal alid types that fire readily marketable. I towever, the crop Is palatable and htitritiolts. 

arid is being processed into various forms of food , gruel at1d local git1~ . lri the vatloUs 

production areas, it contributes 40 - 80% of the cereal to the people. The stalks ate used fat 

local bu i Idillg and fencing purposes. wll lie Oil Irnats feed ' 011 the fodder arid . other ctop 

tesidues. The producing areas stippod rt large population of livestock tis well. (bjof1l1ew~ and 

ljahgl, 1988). 



The total cultivated land in norno is estimated (1990) to be 411 ,915 hectares, while 

the actual land beln g cult j valet! Is 41,609 hectares (A nonymolls, 1990). See table I. 

Tl'Ible 1: Masakwa Producing Areas: Under Cultivntion 

SINo. L.O./\. Land Total % Firgi % Actual 
area cultivable Land Firgl 
(Sq .km) (22% of (Ha.) ut1der 

land area) cultivatioh 
Ha. 

I. 1683 37026 80 29621 20 5~24 
2. 3729 82039 90 73834 15 11075 
3. 3926 86372 50 43186 10 4319 
4. Kukawa 6710 147620 20 14762 15 2214 
5. Bama 6175 135850 80 108680 15 16301 
6. Owoza 2689 59158 20 11832 15 1775 

Totals 
---~ --- 411,915 41,609 

SoUtce: [Jor-no State Ministry of Agriculture: 

Report on Vertisol (Firgi) (AnonYl11ous. 1990) . 

However, other crops like millet, the conventional rainfed sorglnll1i, maize, cowpea 

and groundnuts ate produced on the lighter soil in most of the areas meHtlohed. In some 

places, Masakwa is the second or the third crop in importance. In addition to the cereal cto~s , 

vegetables like oniol1s. tomatoes carrots, pepper and gardeh eggs ate massively produced oh 

the vertisol during the harll1altan to give (additional) monetary incoltles to the commuNities. 

Watet for the vegetable production is obtained from dug-out pOllds 01' shallow wells made 

along stream courses. These are irrigated mostly using the shaduf nietl10d/systetn of 

irrigation. Small irrigation pUlllrs are lIsed in places with developed practices (Anonymous, 

1990) 

1.1 GtNtRAt PRobtJCTION PROCESS 

The cultUral practices and l11anageh1ent fol' the production of Mfistlkw3 (wlhter 

sorghutri) ate strikingly diffet-ent from those of "regular" (talhy SeaSOI1) sorghutti irt ttiahy 

respects. SOlileot these differences -are hot uN-telated to the. dlfTictiltles betlHlig the 
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mechanization of some of the necessary cultural operations. mainly due to the hature of the 

soil. (Ogul1lela and ObilanH. 19R3). 

the crop is grown on a moist clay to clay loam soil immediately nner the tecessiotl of 

tainy season nood water from the field. The field is cleared in September as the f100d water 

in the fields recedes and grasses began to dry. The grasses are cut (slashed) using local 

cutlass called "Ianga-Ianga" or "bongol'o" and then left on the field for about It \\teek to dry 

and then burned. The (Masakwa) seedlings are grown on small plots oh well dralrled soli 

near the fields or near the villages between August and September and ate theN transplahled 

after five or six weeks in late September and October. Some use fertilizer, manure or pre-

etnet'gel1ce pesticide to enhance seedling development. No tillage operatiol1 Is cartied out 
, 

befot'e or aOer transplanting the seedlings. It is lhel'efore a conservatiotl dt zero tillage 

system of farming . About 8kg of seeds are require to transplant ohe hedre of lahd. 

(130SAbr, 1989). The yield is 0.6 - 0.8Uha (Nwaka. 1989). This compc\tes well \vith the , 

yield of wet season sorghulll which is about 0.8 -- t .Otlha (Obilana, 1983). 

The peculiar 01' unique characteristic of this crop is that it is grmvt1 wheli thete is ho 

tait1 at all ill the area, and no water is supplied to the field during the elltire growing season 

(except about 100 to 200m I of water poured into the hole at the tillie of trctI1Splrtllting). the 

crop stlrvives solely on moisture acculllulated in the (vetsitol) soil dutihg the talhy seasot1 

(ethd sofne preclpitatiol1 from the atl110srhere during the early stage, followed by the cold 

hattnattan breeze for the rest of the growing period). Usually the field Is weeded oNce 3 to 4 

weeks aller trallsplanting the seedlings. Weeding (whete hecessnry) Is dohe ft1!lhually with 

local hoe (called Fadallya ill Hallsa). ram1ets usually do not apply any mahltre or fertilizer to 

the field either before, during or after transplanting the seedlings (Haque sl1d Audu, 1989), 



1.2 CONStRAINtS OF MASAKWA PRODucttON 

AllY discllssion ahout Masakwa production in the State is bound to raise inote 

ctuestions than answers about the agronomic characteristics, cultural !'tactices at1d 

technologica I contribut ions at the momel1t because very I itt Ie sc iellti fie work has been done 

with the crop. 

Howeve r, the principal constraints limiting the production of Masakwa Sorghum ill 

Bon10 State are highlighted as follows :-

I) Lack of avai lable technologies, e.g. pesticides and in1!,roved trahsplanting 

materials 

2) Limited tesidual moisture in the post-rainy seasoM, which testticts the cto!, 

response to il1puts, e.g. the partially dried surface. does not ei1collrage the 

application of fertilizers . 

3) Keeping the land fClllow during the rainy season encourages weed growth and 

clearing for Masakwa transplanting becomes dimcult. The lahd could have beeh 

used for other crop. then to be followed by Masakwa - i.e. double ctopping. 

4) Manual, back-breaking and tedious tidge-making ot bunding limits fatm size ahd 

increase production cost either through hiting labour or spehding hiote hours oil 

holdings. This may discourage farmers from expanSiOll. 

5) The strenUOllS transplanting hole makihg using hUman enetgy to hat1dle the dibble 

makes the job lIll-interesting or rather scaring to presetlt-day youths. This makes 

them to abal1dol1 the farms they inherited frolll their parents to look fot easy jobs 

elsewhere. Improving the transplanting process is the aim orthis ptoject. 

6) Manual transp lanting of Masakwa Sorghum requiring hatd laboUt testtict the area 

of production, (i.e. low output) and discolltages the expahslol1 of fatrtl size. 

4 



7) In relation to machine (tractor) use, tramcability and workability of Vertisols are 

reduced to zero during 01' immediately nner the ralhY period, because of the 

extremely sticky nature of the soil. So the soil call only be worked lIpoh withih rt 

narrow range of so il moisture regime. 

8) Low plant density resulting in lower grain yield per unit area. This poses 

challenges to our agronomists/researchers who are supposed to determine the crop 

density that would give the highest yield. 

9) Non-uniforl11ity or trnnsplnnting depth and plant spacings. (i.e. tow spacings and 

individual plant spacings). 

10) Limited research work to determine the variety 1110st suitable to patticUlar atea at 

zone. Present production is baseu on preference. 

II) Lack of effective cOl1trollneasures for devastatltlg pests ahd disetises of Masakw8 

Sorghum. 

12) IIoldings arc smaller and sca ttered (from 0.1-1.0Ila), so lise or tnachihe (tractot), 

e.g. bunding. Illay create more problems in reaching individual farlns 

13) Lack of proximity to source or water in some areas. thetefote, fetching water 

from a far place unnecessarily stretches the trahsplanting petiod. 

14) Grazing livestock are attracted to the green, still standing crops or before prtrlicles 

are gathered from the farms. 

'thetefore. in a nutshell. the major tJtoblel11s that could be Identified 1M Masakwa 

ptoductloll process are: low output due to use of strenllous traditiohal tool, limited 

transplanting petiod , non-uniforlllity of transplantihg depth ahd plaMt spacihgs, ahd lack or 

proximity to water source in some arens. 
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Over the years, no attempt was made to modify the transplanting tool (the dibble) 110r 

diversity or itl1pruve an y clcment 01' the production process despite belhg the tnajot cereal 

crop in the Lake Chad Bnsin noml plnin ~. 

This attempt is therefore n pacesetter for the mechanization of Masakwa ttahsplant. 

t,3 AIMS AND OtJ.mCTlvES 

The aim of the rroject is to study the principle of construction and operations of the 

existing tool (I'lole Maker - i.e. the Dibble called Gafgal) al1d h1ake imptovehiehls, so that 

the following objectives could be achieved:-

I) Fatigue should be minimized by using less effod (fotce ot thtust) 1M making the 

transplanting holes; 

2) -here will be reduction in the weight of the tool i.e. the hole Inaker; 

3) There will be reduction ill the number of working hours (i.e. mmi-h~l'rs) 011 the 

field so that the transplanting exercise will be done withlh a shott period oHime. 

4) Develop a modern, simple. manually-operated dual purpose (hole making + 

watering) device that will be used Masakwa prodticets, and be teliable as well ; 

5) Form a basis for further improvements (mechanization} of the Masakwa 

transplanting process, by embarking on the Appropriate Techhology best suited to 

the condition or the ecosystem . 

6 



cllAPTtll TWO 

2.U LITERATURE IH-:VIEW 

Operations requiring mechani7.ation ill the production ptocess of Masakwa sorghUm 

are the bunding. making the transplanting hole and water applkatioM toe each hole. the 

bunding using a tractor with well -adjusted ridger can comfortably be dohe easily or cheaply 

wheh there is tlO other pressing farm work to be done with tractor (i.e. late t:'ebttlaty to early 

May). The major problem is mechanizing the transplanting process. MechaHization cah be 

beheficial or detrimental, depending on the circul11stances. However Ideally we expect 

mechanization to be qu ite beneficial, provided is appropriately applied. 

"Agriculturalmechani7.ation embraces the manllfacture, distriblltioli, ahd operation of 

all tylJes of tools. implemcnts. machincs and cquipment, for ngticulturrtlland developlllent. 

farm production and crop harvesting and primary processirtg. It includes (the lise of) three 

main power sources: human, animal and mechanica1." (Holtkall1p, 1990). , 

Mechanization has been a major factor in the developlnent of agricu lture iH 

ihdustrialized countries. Indeed, the achieved degree of motoHzatioh ofteh ~erves as a 

rnea,sllte of the "modernness" or "progressiveness" of cotlhtty'S agriculture. 

One of the Inai" reasons for increasing a farm's degree of l11eclulhizatioH has always 

been alld is still to raise its labour productivity i.e, to achieve a higher output (expanded 

acreage or higher yield per worker) Hnd/or better incol11e per man-hoUI' of work (ha/h, tIh). 111 

doing so, the farmer substitutes capital in place of scarse/expesivie t11ahual laboUr 

(I tolthkalnp, 19(0). 

Agriclllturaltnachillery arid equipment call be referred to as allY tool used to execute 

agtlcu ItUl'al operatioh (from land clearing to harvestitlg and stotage); ON tlrable ot ,daIry tarltt, 

etc to reduce drudgery and ihlprove efficiency. 

AgriCUltural progress depeiids lafgely on tile exteht t6 \vhidf l'Iiechattlcal power ilHd 

ttiachiHery cah be employed to tehder labout Inore productive (Culphiti, t 9S t). 
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rarm equipment is being increased in size and emciency so thal farn1ers can produce 

l110re with Ic~s l!lhollt' nIH! cost. Fewer limn workers support more lJeople by the use of new 

developments and improvements in farm machinery (Smith and Wilkes, 1977). 

Unfortunately, mechanized methods ' can also result in some bad effed 011 soil 

structure. When (vertisol) soils are wet, tractot wheels can cause paddling of the soil , either 

by shear compression 01' by smearing. These bad effects are patticularly l11l:ltked In wet, hUe 

seasons when crops have to be carted olT waterlogged land. the aim of mechanIzation must 

be to eqllip in Stich a way that work does not have to be catried out ih wdrst soil conditions 

(Culphin, 1981). Therefore mechanization may be detrimental in this respect. 

Ilowever. the most important considerations to be borne in mihd at all tillies are cost 

effectiveness and appropriate mechanization for a given ecosystelt1 (ot level of 

development) . Tools and equipment must be at afTordable prices to the greater lJercehtage of 

farmers . Mechanical power is more economical of medium al1d large-scale fathis whete 
I 
i 

operationlfield conditions are suitable for use of wide range of agtlcuitural hHtchirtery 

(l-Ioltkamp, 1990). 

2.1 CONDlttONS FA VOUIUNG tltE PRODuctiON OF MASAkwA 

'three Inain factors justify. favour or encourage the production of Masakwa, viz: 

a) Clitll:ltiC faefol'. i.e. the dry cool harmaltart (winter) teltlperatutes' (15-30()c), 

short-day, long cold l1ight (ehantcteristics of winter lJeriod) and 311i1urtl raihfall of 

25-50cin (OlabanJi, 1992). 

b) Soli tOIHHtlon Vertisols (productive blAck cottOri soils - jO-60% clay) ate 

Inhetently fertile and have potential to store adequate watet fot ctdp gtowth 

. durihg the wet and dry seasons to \vhich Masakwa Is Ideally suited. t:!ul1ds ~li'e 

cOl1strllcted to further enhallce the water tetentioll calJ~clty fot the VeHlsols, 

. which are onen built Grosswise or across the gradiellts of the 'gel1t1y- slo}j1fig Icn,d 
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to trap any rain or flood water and allow it to infiltrate il1to the soil. (Nwaka. 

19R9). 

c) Ecoilolnic Faclot·: hi the various productioll areas, Masakwa cOhttibutes 40-80% 

of the cel'eal requirement of the people (BOSADP, 1996). 

the crop has low production cost. good grain quality, readily marketable aHd has humetoUs 

uses. (Ogul1lela and Obi lana. 1983). 

i.2 INtRODUCING tHE ntntlLE 

;\11 Masa.kwa sorghul1l farmers. Irrespective of the zone. mea ol· locnllty. lise the same 

type and shape aI' the traditional transplanting 1001 - the dibble/clibber. the o'xford mlhi 

rererence dictionary defined dibber as " a tool used to make holes In gtound fat yoUng 

platits" (llawkins. 1995). 

The dihble IS loca lly called Gafgal or Galkal (In kal1llti lal1gtlage) al1d rUlneh ot by 

other name in some localities. The tool is made rrom a popular thorrty desert plant, Elalahite 
\ 

egyptlca (called Aduwa in Hausa) (Hague and Audtl, 1998). Ali elderly lihd expetieticed 

fatlner asserted that the tree has a quality or being chiseled into difTerent shapes whell wet 

tuid is very hard alld strong when dry. It last longer And is not easily attacked by most wood 

pesls. 

2.3 bESCRtPtION OF TilE TRAht·ttONAL ntnnLE 

The dibble is usually about 1.2 - 1.6m long depending on height or the fatl11er-User 

(Haque and Alldu, 1998). It is shaped into three distinct parts: the head. the heck ahd the loNg 

taperlhg polMted-end body: i.e. the tippet llnshaped part (the head). the h1lddle slendered 

cylil1drical holding/gripping portion (the Ileek) and the 1011g (abotlt % of whole length) lo\vet 

tapetil1g poihted-tlp soil insertion part (the body). 

The dlametet of the dibble ot about 20-30cm rrom the pointed ehd is apptoximately 

4 - 6.Stii1 (Haque al1d Audu. 1998). The 1111ddle patt (\vhich is sh!\pecl leruM ltorhi dllHtletef) is 

Used to hold the dibble fit'mly with botli hands fat forceful Itisettlot1 llitd th~ sdll (Fig. I). 
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The upper unshappecl part which mayor may not be peeled is used as a stopper for 

the hanos as well as to make the dibble heavier for Increasing thrllst. This portion Is about 

IO-20cm long and has a dirHneter of about I 0-13cm. The dibbles vary il1 sizes (plate I) and 

the weights range 1'1'0111 5-7kg. A dihble is carried and handled by otle person . tt can be made 

at home by the fanners thel1l selves or purchased from the local hlarkets (at prevailing 

markets price) . I f properly kept. it can be used for several seasohs (t-taqlte and Audu, I ~98) . 

1.4 tttANSpLANTtNG PRoctlJURE USING THE ttutHttONAL nttjtlLE 

Two persons usually work together as a team to carryollt the Job. One person hahdles 

the dibble and digs the hole at an interval of abollt IOO-120ctn !otlg and betweet1 the tows. 

The second persoh carries the seedlings ill one hand and a container with water ih the othet. 

Tlie corltailler may he all empty engine 011 gallon . .icn·y COIl. n bucket or 11 bowl (Plate I). 

The first persall holds the middle part of the dibble with both handS and raises it 50-

80ctrl above the ground and thrusts it upright Into the soil to tnake the hole. the farl11er 

makes two to three such efforts before being able to make a hole at 20-3bchi deep etHd 4-

6.5cm. (!-taqlJe and Audu. 19908) ih diametet at the soil surface (if fit§t attempt tails, 

P9ssibly dlle to hard soil cotldition). 

A fier the hole is tnade. the second farmer poUrs a stnall quaHtity of water: I 00-200m I 

(Haqlle and Audu, 1998) or 2-3 handfuls of water (Ogunlela and Obilaha, t 983) and plrts two 

to three seedlings into the hole . Otherwise a single farmer performs the tasks seqlJetHially. 

The roots or seedlings are usually pushed slightly into the bottom at the hole with a short 

stick of about 40-50C111 long and about 2crn In diameter if hormal ptrshlng Is t10t satisfactory 

(Olabahji, 1992) the holes are not covered with soil afier tratisplatltihg the seedlings 

(possibly to enhance aeration). Usually, two-thirds of the hole is filled with watet. 

the fanners make 120-150 holes in an hoUl' and it trikeS theltt 60-S0 hams td ttai1sptaht Me 

hecMte (Haque ill1d Atrdll, 1998). -. . . .. 

the ~toblet11s identified with the present tratisplahting system rtte:-
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Low output (i.e . ahout 0.015 hn/l1) 

Extcnsion or Trnnsplanting period - this nllows the soil to drop Its t110Isture level 

Non uniformity or transplanting holcs depths and plallt spacing - typical of any 

l11anual operati on (i.e . incons istency) 

Lack of wnter (at the proximity). The available water source may . dry up if 

transplanting period is unnecessarily extetlded. (f laque and Audu, 1998). 
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TABLE 2: I>EMENSIONS OF GAFGAL TAKEN AT bOSAbl>. MAIl>UCUttl 

SIN PoinUPortion Length ClrcumferehcS Diameter 

40 
2 14 
3 
4 

5 CI 350 1I1.40mm 
6 
7 

210 66.80ml11 C2 
---------~-------~~---------+~~--~ 

8 
9 
10 
11 
12 
13 
14 
15 
16 

C3 
C4 
C5 (tip) 
CI -C2 
C2-C3 
C2-C5 
C3-C5 
C3-C4 
CI-C5 
C4-C5 

680 
100 
270 
170 
100 
950 
70 

190 60.50 
170 54.10 
90 28.60 

C5 
Fit 2: Analytical Skefcb of Dibble (Gatgal) 

tuenit BoSADP (plate D) 

NOTl!:: 

I. Circllmference is taken with plastic (tailor 's) tape, graduated ill cel1tittieter~ 

2. Diameter (of tool at vn riOllS heights/length) is calculated from the formular : 

C = rrd. .: d = C/rr, 1t = 3.142 

2.5 ObSERVA tlON & t>OSTtJLA tIONS: 

I. Referring to rig.2, porI ion 1\ is used as a stopper fat the hcthds ghd to ichtease4 

weight alld hence the thrust. This ~ortioll is abuut IO-20cln loug and has A dialneter of 

about I O-13cl11 (I laque and I\uclu, 1998). The figures givelll" fig. 2/table 2 safely fall 

within these ranges (rig. I) . 

2. Convehient holdil1g position for average height person Is at the tt1id~dlht of the heck 

(portion B 260CI11) wilidl is 108 from the ground level If held uptight (Fig.2/Plate Ii), 

I.e. 950 + 260/2 =: 950+ I 30l11Jtl = t 080mm. 
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3. When working. hands Illove between 1080±130mm: therefore 1080+130=1210mm. 

which Is nvernge person's breast height. A good thttistJrotce, t1sh1g both hal1ds can be 

exerted at this height. Therefore for convenietlce, 1200mlli could be taken for the 

overall height of the modified version; which still falls within the local dibble height 

range earlier given in rig. I. 

4. At standing posture, the fore-arm is approximately parallel to grollhd level, dibble is 

held at Ileck midpoint (Portioll B - Fig. 2), at 10801i11r1. the elbow is bent 

approximately 90n
• while the fore-arm (relaxed) is parallel to grolind level. this 

enables the lIser to work for longer hours with less fatigue/stress since muscles are 

not ll11l1eCessari Iy stretched . When e tbow is bent less than 90°, tool hold ing position is 

allnost at averag.e person's brcllst hclght, which Is nbollt 120cm. lhls will give 

appreciable muscle force/thrust. These are usually what ate cotlsidered by the local 

crafisinen when carvilig the tool, I.e. the ergoilomic aspect (~tot:>er enet'gy utilizatioli) 

as explained by an elderly Masakw8 farlner, 13aba Ali at Ngturosoye village Heat 

l3ama. He further said that is why the tools are Inade iii dlffetelit sIzes ih telatloti to 

heights of users (Plate I) . 

5. Hand is only rai sed up to exert more force/thrtlst to the toollh otdet to make a good 

transplanting hole . This is achieved through experience. 

6. therefore. any modification or Improved version will take Hate of the thrUst, depth 

and sllrface width of the transplantitlg hole, as well as qtlal1tity at water to be poured 

into each hole. 

2.6 CULtURAL PRACttCES FOR MAsAf<WA sottGt-ttJM vftontJtttoN 

i.6.l LnutJ Ptepa,-:Hioll 

Masakwa sol'ghtlm farm is prepared betweeh harvestihg the ~tevlol.J§ ctop atout1d 

February fa the time befo're -l1ext rainy sets in May. t:'armetsh1ahulilly Cdh'strUct-sltlall 

dykes/ridgeslblltids of about 40-70cl11 high crosswise all the field. the whole rrttth IS divided 
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into several plots (Olabanji. 1992). This is back-breaking, very laborious, tireless some and 

tllnc-consumlng operalion. Bul wherc n Irnctor wilh n ridger CIlI1 be obtnined, the operation Is 

easily mechanically dOlle. This needs to be intensified In order to impound rain water (which 

otherwise may now off) and increase in filtration into the soil t'Jro file . 

By early September, the field is fairly workable, and weeds oh the neld .are cleared 

ahd burnt before transplanting. Insect pests emerging \veeds may !:llso be destroyed In the 

burning process. Some leave the dead grasses to decay, especially whete the gtasses ate less 

dense and may not obstruct the transplanting process. 

2.7 RAtSING OF SEEnUNGS: 

Seedl in gs are rai sed on well drained (lighter) soil ancr the heavy railis have subsided 

ill August. This is done to prevent over-growing of seedlings. 

Thc plot is tilled with hoe and the soi l is s0ll1etil11es tnixed with local tnanute to 

enhahce proper establishment of seed lings. Some use chemical ferlilizets to tacilHate gtdwth. 

Some evetl dress the seeds with pre-emergence pesticide (Apron plus). tH~ seeds ate t~eh 

broadcasted and covered with so il. Seedlings become ready for transplantlt1g lit !tbout 30-40 

days (or 4-5 weeks) aner sowing (BOSADP, 1993). Seedlings are tratlsplahted early 

immediately aner the rains when the (versitol) soil moisture is high In otder to get Inaximum 

yield, while delayed transplanting may calise high morlality rate of seedlir1gs, possibly due to 

drop in the moisture level. 

2.S ttl.ANsrLANTINC OF SEEJ>UNGS 

Seedlings are transplanted with bare foot because of the sticky nature of the soli 

which Inakes using any footwear very incOllvenient. Moteso, uslhg a itHichlt1e (ttactor). 

t-towevet, this is ohe area that poses a great challenge to technology, especially Uhdet 

Masabva ~roductiol1 (vertisol) so il condition. 

tlie irahsplanting Is '· 'aOlle aroi.tnd Septelhber/Octobet. · Seedlif1g§ !ite ' upfC10ted 

l11ahUally froln the htlrsel'y plots about two days prior to tral1st'Jlantil1g lthd tied up in shiall 
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bundles. The seedlings sufTer shock during removal from the soli and lraltslJlanting to the 

farm . The bundles are placed in a lip-right position In shallow pool of waler fot 1-2 days to 

stimulate the development of new roots (Ogunlela and Obilana, 1983). 

Masakwa Sorghum is established by transplallting 4-5 weeks old seedlings il1 15-

20cm deep. about 6cm wide holes (Olabanji, 1992) made mahUally with a dibble 

Modifying a hole maker (i.e. the dibble/dibber, locally called GafgalL from the 

traditional to the l110dined one for transplanting the Masakwa seedlitlgs is a challehge to 

agricultural engi neers. The nim will be to reduce drudgery in the ttansphthtll1g process and to 

render labour more producl ive. 

While a tractor-nlOunted ridger can be used to make the blinds (before rain sets in 

wher! the soil Is dry nnd crumbly). to I'elieve farmers of the bnck-bteakhig tldge-making 

Using local tools (holes. etc), improved tools has also to be found/devised to eqllally telieve 

them orthe strenuous transplar1tillg hole-making and water apIJlicatloh processes. , 

transplanting is denned as removing established seedlitlgs alid I'eplatitltig ot 

establishing them elsewhere (Hawkins. 1995). 

Equipment for placing growing plants 01' plant parts in the soil is called a tralisblatltet 

(Smith and Wilkes. 1977). 

When large quatlt itles of plants sllch as cabbage, tobacco, toll1atoes, alid sweet 

IJotatoes are to be transplanted, time and labour can be saved by the Use or trahsplahtihg 

machines. With a transplanting machine, it is not necessary to wait for seasonable weathet, 

becatlse the machine automatically pouts n small quantity of watet arouhd the toots of each 

plant as it is being set (Smith and Wilkes, 1977). 

With some tnechanical transplanter a device fat \vaterilig each ~Iaht Just befote the 

soil is pressed arollnd it may be ntled for use in dry ground. 
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It is now a well-eslnblished faclllwl in adverse planting conditiolls the work dolle by 

mechanicn\ transplanter is onen apprecinbly hetter tllnn that done by good hnt1d workers, 

even if no watering device is used. Where watering is necessary a device on a trahsplahtet 

which puts the watet exactly where it will do most good - i.e. undet the ground and ill 

contact with the plant rools - is a great advantage (Culphin. 1981). 

The lise of machines forms an important part of present day ctop I)toductlon process 

and it is dictated by Clgricllltural practices. To determine the level and coillplexity of 

tnechanizatioll or trnnsplnnting Mnsnkwo seedlings, it is impottant to know the ngrotechtlical 

requirements of growing lhis crop. Also, mechanization of any opehHloH shOUld be 

economically viable. It should be kept in mind when attempting to develop ah improved 

technology fot Masakwa transplant. Examples exist which show the knowledge of 

parameters of technological procedure of Masakwa transplant predetermine the choice of 

prihciples of operatioll of mechanization facilities (SmekhOllnOY, 1995). 

therefore, the non-availability of machines to perform the transplantihg of the Masakwa 

seedlings prompted the undertaking orlhis project work. 

2.9 SEEfJUNGS MANAGEMENT 

Most seedlings transplanted need special attention in order to adopt easily into the 

hewet1virotllllent. 

MaJntellance after transplanting include:-

a) Weed totHtol: None of the farmers in Masakwa Sotghult1 ptodUclHg ateas Use 

hetblcldes for weed control, possibly due to lack of kllOwledge or uticettalhty ot t.he effect. 

they weed inClI1Ually, using simple tools, mostly hoes and ctHlasses. the freqllel1cy of 

weeding depends 011 the degree of weed infestatloh . Generally, there ate h10re weed 

problems in t3ama and Gwoza areas, possibly due to higher precliJitatiol1 thilH the drier 

l:)lbht; Ngala, Mara. Marte, M6ligtil1b alid kukaw3 areas whete weed Is Hot M maJot ptoblehi 
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as farmers hardly weed once before harvesting the crop. The partially dried surface does riot 

encourage the growth 01' weeds. nor the npplicntlon of fertilizer (Anonymolls. 1990). 

(b) Supplying ot Replaccment of Secdllngs: Should be done 1-2 weeks after 

transplanting to reduce losses due to plant mortality (Ogunlela and Obilana, 1983). 

(c) Pest ~rld blseases Control: Generally. crops grown ir1 fertile soils are natutally healthier 

ahd therefore more resistant to insect pests and diseases; some parasites, such as "striga 

hermonth ica" are hot iceably less present when soi Is are ferti Ie (Fuglie, \998). 

(d) H:ttvestitlg: Derending on the varieties grown. harvesting is dot1e from late 

December to early rebruary. Ilmvesting operation is similar to that fat the "tegular" ntihfed 

sorghum. Stalks ai'e cut at the ground level and laid on the field to allow heads to dry 

properly'. Thcreafler. the panicles me cut from the stalk/stntws with a sharp khife. It is then 

threshed, processed and used like any other sorghum variety (Ogunlela and Obilamt, 1983). 
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CHAFTEtl tHREt 

3.n MAlEtHALS ANi) MttltOtJS 

This design work is based on analytical calculations and ptactical expetien~e. 

Machine Design, is a creation of the right combiMtion ot cotrectly proportiohed 

hlOving or stationary components constructed and joined to ehable the liberation, 

transformation and utilization of energy. Machine Design helps in selecting the material ahd 

best suited shapes. computing the dimensions, strengths, reliability and specifyihg the 

manufacturing requirements of the particular components. mechanism or complete machine. 

An engineer's objective is always to get maximum emclehcy artd ecohomy out of 

men, money and materials to meet the identified needs. A Desigll should thetefore be carried 

ollt 011 the basis of the best technical conditions_ with the least total cost per lIhit (h1aterial 

cost, manufacturing cost Hnd maintenance cost) consistent with the weight, sign, sttet1gth, 

etc. slkh a design is called optimum design, which is maxirnizil1g the desIrable effects and 

minimizing the undesired effects. The design parameters choseh by the desigher are a 

compromise among several alterilatives (Adgidzi, 2003). Therefote, only the feasible design 

. parameters and va lues would be considered. 

3.1 bESIGN CRlttRIA OF THE HOLE MAktR 

The basic infot'mation required to statt with the design of a methahlcal device fot 

Masakwa transplanting should be as follows: 

(a) Distance between two adjacent tows and successive plaht 111 a fow (i.e the 

row gap and plant distatlce). 

(b) Allowable rlant deviation from the axis of the tow (agrohomic sbUistical 

analysislresearch) 

(c) Transplal1til1g depth 

(d) Allowable quantity of lost plont (agronomic reseatch). 

(e) Quantity of ~vater required itl each hole fot plant gtowth by 
different soil moisture. 
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Usually, about two-third of the hole is being filled with water (llaetue and Audu. 1998). 

Any machine dcsigncd for Masak\Vl\ seedlings Irm1splnnt I11llst satisfy the above 

agronomic requirement - pmticularly (c) & (e) - if we are to go by the ptitlciple of optimum 

desigll. 111 addition . the des igner should take into eonsideratioh othet factor such Ils 

simplicity. reliability. ease or operation. maintenance (Smekhounov, 1998). 

3.2 ANALYTICAL IJESIGN GUlbt FOR tHE MOblFltb HoLE MAl<ttt 

from the range or values/measurements given in fig . I (the dibble with approximate 

dirnellsions, tnm) (Haque and Aucltl , 1998), specific values are oblaihed (Plate:rf/Fig.2 (fable 

2) from a particular dibble and therefore for the purpose of this ptojed the tnodificatioh will 

be based 011 these specific va lues obtained. 

MeaslIl'errieflts:-

a) " eight of convenient holding fJosition at relaxed standing posture =: I080mm (Fig.2). 

Therefore. 1080 + 130 = 1210 or 1200l11m overall height from the tit> is taken for 
\ 

convenience i.e . breast height oravemge person. 

b) Thrust exerting device - pressure/force to be applied by both hahds (using the 

handles) and a foot (through the root press pedal) - the other foot being Used to 

support oneself. 

c) The farmer makes t\Vo or three such efforts before he is able to tnake 11 hole ofabout:-

(i) 20 - JOcm deep, and 4 - 6.5cm itl dhil1ieter at the soil slJrfl1ce (HaqUe at1d 

Audu. 1998). Mathetnatically expressed as: 20::: Y :::: 30cm ,,,here Y is the 

chosen depth . 

(ii) 15 - 20cl11 deep and 6clll wide (Olabanji, 1992) 

(ii i) 18 - 20cnl deep and 6ctn wide (Ogtll1leta and Obllana, 1983); which ate 

expressed as: V:::: 20clrI. 
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therefore. from the figures given above. a hole of about 20cm. deep and 6cm surface 

dlal11eter can confidcntly be tnkcl1 (ns the optimum/acceptable) since they appeared In all the 

three sources. 

The overall acceptable figures for designing a hole maker becomes: 

20~ y ~ JOcm al1d 4 ~ X ~ (i.)CIl1 for the depth al1d surface diameters respectively. 

Referring to rig . 2 

Taperil1g hole depth "" points C5 - C3 - C2 ;: 17 to 27cm 

Hole surface diameter = points C3 - C4 = 6.05 to 5.41 cm 

this diameter tapers to 2.8Gcm or lower at the tip (point C5). 

therefore approximate volume of hole (cone-shape) made with dibble 

= 1/3 IT r2h = 1/3 IT d2/4 = IT d2h/12 

Where d = surface diameter of hole made = Gcm, and h = depth of hole made = 20cm. 

Therefore IT (62) x 20112 = 188.4955cm3 
= 1 88.50C111 3 

(d) Quantity of water beil1g poured il1to each hole:-

(i) About t\Vo-third of the hole is being filled with water, which is about 100-

200m I of water (Haque and Audu. 1998). 

Therefore I 88.50CI,,3 x 2/3 = 125.66cm3 = 125.661111 [note fern) = I hill . I.e. 116tnl 

falls with in the range (100 - 200m I) given . 

(ii) 2 - 3 handfuls (Ogul11ela and Obilana, 1983). 

jj HANIJLt llESrGN ANn llANO GRIP 

A hollow. all110st semi-circular steel pipe measuring 30n1ln across, 40111111 dowh ahd 

I.5rnl11 thickl1ess was lIsed for the handle. It has ndvantage of being light, strong and 

cOl1vehient to handle. Except for the downward force being applied by both halids to make 

the trahsplanlirig hole. there is ho other force or stress acting 011 it as to cause dlstottioti. 
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The criteria of the handle design follows Woodson's pril1ciples. (Adgidzl and 

Banseka, 20(2) According to Woodson, avernge length of human palm, Lp = 154.94mm 

thus, the diameter or the hnnd grip (DII ) far the handle was given as: 

1t DII ~ Lp or D1I ~ 154 .94ht ml11 ~ 49.32mlll. 

the length of the hand grip (LII), i.e. the handle length was giveh as: 

L" ~ t 52.4111111 (Adgidzi and Banseka, 2002). 

Diameter of the hand grip (DII), according to Woodson's principle, could be ~ 

49.32mm; but because of the nature of the pipe and the watet a\Jpllcatlotl device, this 

diameter got reduced to convenient dimension (which is stilt within the recol1Hnended rahge) 

to allow the fingers extend and operate the water release mechanism. 

lIowcvcl', f'or 0111' pmposc. length of hand grip (1,11), I.e. the hl1l1dle lel1gth. ;s takeh ElS 

150lnm on each side. wh ich is just a little less than Woodson's illax ittllltn valLie of lS2.4rritn, 

and in between is 60l11m (6cm) which is as well as eqllal to the gjv~11 ttaHsplantilig hole 

surface diameter. Same length/measurements are used fot the Poot Press Pedal in otder to 

maintain uniformity of structure. 

J,4 tHE FOOT PRESS PEDAL 

The Foot Press Pedal is made from a hollow rectal1gular sectloli steel pipe of t .5tnm 

thickness 2.5ctn width and 5cm breadth. This was cut to 36cm, the sallie length with the 

handles i.e IScm on each side and 6cI11 in the centre for centrally posltiol1ltig the tapering 

hole maker. YOll can conveniently lise either the right or the left foot to simultaneottsly \Jress 

down the hole l11aker with both hands, while the other foot is used for self-SUpport. More­

over the edges of the handles and the pedals were sealed and srtiootheh~d to prevent any 

il1Jllry from sharp edges and to give beauty to the cOhfigutatiott the pedal Is ttlSd used tis a 

stoppet fot unnecessarily deeper penetratiol1 of the hole maker. 
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The pointed-tip tapering hole maker, which is supposed to tl1ake 6cm hole sllrface 

width and 20cm deep is strongly welded at the centre of the toot Press t'edal. 

The top handles and the lower root Press Pedals are connected by two equallellgth 

parallel squal'e-sectiol1 hollow steel pipes of I .Smll1 thickness and 2.5cll1 square and lengths 

of 93.5cl11 to give the required heights of the l110dified version. The parallel pipes have a gap 

of only I cm betwcen thcll1 (i.e . 2.Scm x 2 pipes pillS I cm = Gcm) mid nre connected to each 

other at two points by welding metal pieces at intervals of about 31 cm in otder to add 

strength to the structure. and the top one is also used to wedge the bolt holding the water 

release mechanism spring. 

All the hietals used have almost the same thickness chantcteristics, at1d advantage of 

being very light ill weight with I'espect to their si7.es and strottg In lise al1d call therefore 

withstand higher manual pressUre/force. They are easily available, less costly alid easy to 

fabricate . 

3.4.i FORCE REQUIREU TO PENETRATE THE SOIL 

The force exerted by all average person on the hole maker to penetrate t11e soil to a 

depth of20cm was taken flS 340N (i.e . 30kg -I- 4.04kg) x 9.81 . 

Where 30kg = the mass of an object that an average person can lift, 

4.04kg = the mass of the assembled hole maker 

9.81 = acceleration due to gravity, m/s2 

:ts THE: HOLE MAkEn 

The'lole Maker is tile principal part of the \Vhol~ structure. It Is cone'- haped and 
. ~I I . 

therefore makes a tapering Hole of about GCIll surrace dl nletet tlhd celHte dep h of 20cni 

when thrllst into the Illoist clay (vertical) soil. The poil1te~ tip I~ ltsed to pet1ettL e the soil 

with edse or with less resistance unlike nat-edge object, ~vhlch cbll1prlcts the soil only. the 

stt100th surface does hot alknv soil to stick to the tool. 
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The hole making portion was constructed using a piece of galvanized ripe of l.5mm 

thickness. Gcm exterlH11 dbmcter Hnd cut to 20C Ill length . The first aile-third portion 

maintained the original diameter (GCIll). while the lower two-third portion Is ski llfully shaped 

to tapering structure in order to give a pointed end for easy soil pehetratiol1. This part is 

centrally strongly welded to the foot Press Pedal. The 6cm peripheral diameter of the hole 

maker were bent a lillIe, i.e .5mm from the front and back ot the hiodified lool jUst to close 

the small gaps created by the 5cm breath foot pedals and to beautify the sttucture. This will 

not however affect the performance or the surface diameter of the transplanting hole because 

this diameter covers aile-third of the hole depth . More-over, shakil1g to remove the tool from 

the soi I may slightly illcrease the hole latera I dimensions. 

The galvani7.ed stcel ripe hns the following advantages:­

the material is ensily available 

it is less costly and only a small piece is required 

easy to construct/rabricate and smoothen 

under normal use and care, it can last for several years 

very light ill weight and strong 

PreSSllreto penetrate the soil is exerted manually throllgh the haHds and a foot 

simultaneously. It is thererore worth having it as a new inJlovation iii Masakwri (sorghuln) 

transplallting process . 

(i) 

(ii) 

(ii i) 

(iv) 

the overall height of the modified hole maker consist of:-

The hatldle - 40l11m 

lhe parallel connecting pipes - 9351l1m 

The Foot Press Pedal - 25ml11 

The Tapering Ilole maker - 20mm 

Total height - 1,200mtn 
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This is Hvernge person' s breast hei",t where greater downward force can 

conveniently he ~xerted. 'I his f"orce replaced portion !\ In Fig. J. 

3.6 wATEn APPLICATION ANt> REGULATING DEVIcE 

After sllccessfully constructing the modified Masakwa transplantil1g tool (Fig.3) 

based on analytical calculations of the local dibble (rig. 2). water application bevice was 

also incorporated into the modified version (Fig. 4 and Plate III and IV) In order to facile the 

transplanting process. 

The water Application and Regulating Device consistsof:-

I) Wnfct· tonfnillcl' (20-lifrcs Jllnsfic jcrry cflnc) 

This is chosen because it is easily available. cheap and call be filled according to 

physical ability of the liseI'. Level of content is also visible to User. 

2) 20mm diameter transparent water siphoning hose-pipe for conveyIng watet frotT1 

container to regulating device (i.e. Open/Close Tap). It is made ot plastic, strOl1g, 

nexible. durable and water now is visible; and fits well into the systeln. 

3) Watet·-tight pipe connection, consisting of pipe joints, nipples and hose clips. 

4) Sprillg-operctted Open/Close water tap to control downwat'd watet flow. 

5) 10mm internal diameter transparent water hose pipe connected to tedttced-sectioh 

tap olltiet that delivers water to the seedlings transplantihg hole Iliade by the hole 

maker. It has the advantage of fitting well into the syslem. flexible. dutable. 

strong and water now is visible. 

6) Spring, cable and tap operation lever (attached to handle) to regulate flow of 

water. The system. works on the principle ofstnall bicycles btAklhg ystem. 

These parts are made fr0l11 steel metal, and are cheap alld easily available. With proper 

hlaintehance. they work fo r lung period or time. 
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3.7 MAtfi:JtiALS, COS'lS, '-~ rUnpOSE OF USE: 

Tnhle 3: Materll1l~ Used IlIld Costs 

SIN Material QlIantity Unit Tolal Price Purpose 
Price N N 

1. 6cm d ial1leler . I 200 200 Hole makihg pottion 

galvanized water pipe 

2. 2.5cm square-section I 300 300 Stahd gives shape to 

hollow pipes (300111111 tool 
long) 

3. 5cm x 2.5c l11 I 300 300 Poot Press Pedal 
rectangular section 
hollow pipe (500 mm 
long) 

4. Sem i-c ircular hollow I 300 300 Hahdles 
pipe (500mm long) 

5. Small bicycle brake & I 40 40 Opens watet valve 
cable (set) 

-- -
6. Opel1/cluse wntcr tnp I ISO 150 Witter now vltlve 

----------
7. Ull i0I1/11 ipple wnter 4 40 40 WaleI' flow regulatihg 

pipe connections 
l 
i 

8. 20cm dialneter waleI' I 140 280 Siphonilig watet from 
hose (2m length container 

9. 10cin d ial11eter waler I 100 100 Delivers water to hole 
hope(lm length) 

10. Hose clips 9 40 360 Tightens COl1hectiohs 

11. Bicycle jack spr ing I 30 30 Closes watet valve 

12 . Water valve I 50 50 Holds sptir1g ahd cable 
connection/ex lens ion 

13. Bolts, nuts & washer 50 50 . Holds spring to stand 
pipes 

14. Plastic jerricanc I 150 150 Contains w~ltet 

15. Spray IJa intillg 400 Beallti fyihg 
--- -

16. Labour 450 Assistal1ce Ih 
clltting/weld illg 

17. Strap ( 1 Om length I 25 250 Hold ihg \-vatet contail1er 

t 8. Mise itel11/eharg s 357 
10% of total cost 

19. Tolal N3,927.00 
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3.8 MAtNTENANCE AND CARE OF ritE MODtFtEb HoLE MAkEtt 

I) A void rough or cnrelCS5 Iwndling of the tool 

2) Since the parts are made from less costly and locally available hlaterials, it is 

recolllmended tlHlt nny prtrt or item found to be defective should be replaced 

3) Use rubber wrapping tinder the hose clips to prevent scratching of the metals. Rusting 

may develop I'rOI11 scratched surfaces 

4) Use simple water filter or strainer, which can be a piece of cloth, on the end of the 

water siphoning pipe to prevent particles (soil, etc) entering the walet telease valve. 

This Illay accumulate and eventually block the passage and ehhance affect the water 

supply systel11, since the water may be frolll ponds. 

5) At the elle.I of every use, clenn thoroughly and keep in a safe place 

6) At the end of season, clenn thoroughly, apply rllst-preventive and store in a safe 

place. 

It can be put in a polythene bag prior to proper storage. The delicate parts h18Y be stored 

separately. 
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IV(a) Viewing From Front 
IV(b) Viewing bOIll SiJc 

Pt... A TE IV: Working Procedure Of Modified Hole Maker 
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CIiAPTEn foun 

4.n IH~~lJLT~ ANI) f)J~CUS~IUNS 

4.t RESULTS 

AOer the assembly or the variolls manufactured parts into one complete tool, i.e the 

modified hole maker, it was tested at the Experimental Vegetable Farm of Yobe State 

College of Agricultlll'e. Gu,iba along Biu Road . This area has a similar soil condition with the 

Masakwa producing areas . 

The modified too l weights only 4.04kg as against 5 to 7kg of the local dibble (I-Jagtle 

and Audu . 1998). Onc notable achievc ment is that the weight is substantially teduced by the 

LIse of strong hollow-meta ls. ",hile the hole making efficiency is increased by the use of more 

pointed tip . This improved thc pcnctrnhility. 

Evaluating the pcrf{)J'IllrlI1CC of the modificd tool on the Experimental /-arm, one acte 

(0.405 hectare) of land is taken for the testing. then projected to 1.5 acres (0.607 hectare) and 
• I 

I 

1 hectare (2.47 acres), and the result recorded ill Table 4 below:-

Table 4: Modificcllloic Maker Test Result 

SIN Plot of Land No. of Time Quantity of No. of 20-
" ales (hours) water litre 

---------- - - ~ - - -- _ . . ---- JLitres) 
1 1 acre (0.405 ha) 4.050 16.88 (t 7) 510.30 

'- -"- "-
2 1.5 acre (0.607 ha) 6,070 25.29 (25) 764.82 (765) 
3 I ha (2.47 acres) 10.000 41.67(42 1,260 

Makillg the hole and releasing about 126ml of water takes about 15 seconds all the average. 

therefore, in one hOllr, 3600115 = 240 holes can be made. 

I t1 I hectare. there 10,000 holes of 1m apart (equ id istant), at low plaht density to redllce risk 

of water stress and give bigger panicle (Olabanji, 1992). 

TherefQre, 10,000 holes = 41.666 = 42 hours 
240 holes/hour. _ 
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One hectare can be completed in 42 hours with the modified hole maker, while with 

the traditional dibble. it t,lkcs ()() to 80 hours to transplant one hectare. alld fattncrs make 120 

to 150 holes in an hour (1laquc and ;\udu, 1998). 

4.2 DISCtJSSION 

Tahle 4 shows the Test Reslllt of the experimenl. The plots of I acre. 1.5 acres and I 

hectare coulJ be holed. wnteret! Hl1d tral1splanted with 510. 765 and 1.260 litres of water 

respectively at a time of 17. 25 and 42 hours resrectively, when two persons are working 

together, i.e. one person mak ing the holes and putting water and the othet follows puttihg 

only the seedlings into the hole. 

therefore, otle hectare of land could be transplanted within 42 hours (or 5 to 6 days at 

8 hours/day) as cOl11pared with the tradilional dibble which does ol1e hectare of land within 

60 to 80 holll' s. i.e. fi1l'l11CrS mnkc 120 to 150 holes in an hour (Ilaque and Audu, 1998). 

Since the ,Hen covercd with respec t to time with the modified hole maker (42 hours 

per hectare or 0.024 hectare pCI' hour) is higher thnn the traditional dibble (60 to 80 hours per 

hectare or 0.0125 to 0.0167 hec tare per hOllr) we can confidently say that the modified hole 

maker is 40% efficient th an the traditional dibble. 

The erficiency could be found as follows: 

70 - 42 
E = x 100 = 40% 

" 70 

where 70 and 42 <He the average hours per hectares fot the local and l110difiecl hole 

makers respectively. 

With the sllccess ful fabrication or this sil11ple, dual pl1l'pose tool, all of our earlier 

stated aims and objectives have been achieved. Safety of lIser was also fully cOhsidered. the 

local dibble is strenLJolls in use while the modified one has reduced the stresses ahd strains to 

th e 111 it1iltllll11 . 
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CllAPTEH FIVE 

5.0 SUMJ\1AHY, CONCLUSION ANI> IH~COMMF:NJ)ATIONS 

5.1 SUMMARY 

Masakwa is a unique harmattan Sorghum produced hlassively 111 the Lake Chad flood 

plains through (vertisol) soil water cOllservation and transplanting ptocess. A local dibble is 

used in tnaking the transplanting hole while a second person follows ai1d pours some quantity 

of water. thcn inserts two to thlee seedlings into the hole. To ease the operation a modified 

tool \Vas successfully designed and fabricated based all the ergollom Ic aspect of the 

traditional dibhle lIsing locally availrrble light. strong and hollow metals . This contributed to 

reduction in weight. Force to make the transplanting hole is applied using both hands and a 

foot simllitaneolisly. Water arplication device was il1corporated into the modified versioh. 

The cost of producing the modified tool is relatively low and It is hoped the local producers 

will be able to buy. With this development our aims and objectives are achieved. 

5.2 CONCLUSION 

I. From the design, construction/fabrication, and testing, it was observed that the 

modified hole maker is less costly. portable, aesthetically attractive and easy to use and 

niaintain. 

2. The design analysis IS vcry simple, likewise the fabrication. It is therefore easily 

adoptable. 

3. There is f1exibility in the choice or lise of materials to meet the Identified needs, e.g. 

small bicycle parts are lIsed because they serve Ollr purpose very well and are relatively 

cheaper than, say Illolor cycle parts 

4. The power/thrust requirement for using the tool is qllite low, thus it imposes very 

little fatigue/stress on the user. Where the force aprlied by the hands is not sufricient to 

penetrate the soil. the fciot press redal is simultaneously used . 
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5. Making a good hole ,lIld nprlying a good quantity of water nt an npprecinble speed 

determines the elTicicncy (If' Iran spl:lI1ting. 

6. Conservation/Environll1entalists \vill no doubt welcome this inllovation because ollr 

plants (Balanite egyptica) will he saved. 

7. Safety in use \\ '(1S considered in the design and fabrication of the modified version. 

likewise energy sav ing. 

8. This effort serves as a spring-board for further engineering research/improvement in 

the design/production of tran splanting tool or device lor Masakwa seedllllgs 

9. Despite the low cost of rroduction, subsequent productions will be far much cheaper. 

10. l'he modified Hole make!' is 40% more efficient than the traditional one. 

5.3 t~I~COMMENnATI()NS: 

1. rlll'ther research or licld test may be carried out to further evaluate the pe/'f()tmance 

of the key parameters like the extent of force required to penetrate the soil, the quantity of 

water to be "eleased per dose 01' per hole, average time taken to tralisplallt an area per tlnit 

time (e.g. ha/h). genera I e ffic iency of the tool, etc . 

2. A fler the necessary tests. evaluntions and possibly improvemeht, the tool be 

introduced to Masakwa Sorghul11 producing arens. 

3. Since locally available materials are used, our artisans or local craflsmen can be 

encouraged to fabricate the too ls 

4. Because of the simplicity in design. fabrication. lise and maintellatlce. it is 

reeotnlllended that this tool he introduced to our local Masakwa sorghulI1 farmers, and then 

only ncknowledge the effort of designer or the initiator. It is a tool worth having it. 

This will make our local producers to taste additional little bit of modernity aflet the 

tractor field bundinglridge-rmrking which replaced the back-breaking tidge-building (to 

impound water) ill some areas. Reduction in drudging will futther boost prodllctioH in 

agticulture. 
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