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Abstract 
CI I •. ." • '.- .) .:~ .J 

~/' . -
This studY investigated the effect of seed';Vigou'r on seedlihg ,response to soil mechanicalimpedance 
(MI) during establishment. Bnagedah(Vartijicially' aged,jJre-germinated seeds· were planted in 
compacted soil and in vermiculitefor B days. Penetration resistance was 1.1 ± O. 05 MPa in compacted 
soil and 0.03 MPa in vermi~fJ!itg filled cylinders. The test crop was sorghum cultivar IC,sV-112. 
Treatments 11!ere replicated six ilmes in so((andfive times in vermiculite. Parameters studied include 
time to seedling If-me'rgence; root arids!lOot growth. Seedlingsfrom aged seed took significantly longer 
(122 hours) to emerge compared, to thos~fromhigh vigour seed (BOhours) but·only in compactedsoil. 
Emergence was sign(ficant.lJI.-e~rly in yermiculite where irrespective o}seedvigoiir, seedlings emerged 
within 55 to,57 hours ajier)jJlanting. Unaged seed' had significantly more foot mass but only in 
compacted soii. TreatTJlenis had no effect on the number of leaves per seedling.' Other root and shoot 
parameters were affected, by #1 but not seed v!gour;We conclude that a combination of mechanical 
impedance and 100A)!~'e(ilFvigour Cause poor crop esiablis'hment. Establishment is· likely to be eve" 
worse linder hostile g'idwing conditions in t~e semi arid tropics where sowing of low vigour seed is 
very common, an(lpl£l1lting riilns 'ari·e"atic'and hence moisture stress becomes an added problem . 

• ~. • • I ' .' 

Keywords: Seed vigour, Mechanicai imp~dance; Seedling growth, Sorghum 

Introduction " . -, :; 

Diffe.rent'see~ lots~a:ssing th~ vi~bi~ity t~st, 
whilst all WIth acceptable and Sllllllar high 

percentages .of lab.oratory g'ermiiia:tion can 
sometimes sh'ow considerable differences in 
field emergence (Perry, 1972). It has been 
iargely th~ absence of a consistent relati6il be­
tween genninationifi' the 'laboratory ahet emer­
gence in the field that~has been 'responsible for 
the development' 6i t1ieconce~f of seed 'vigour 
(Powell and Matthews. 1979). The fundamental 
requirement of a seed Jot is that the ~eeds ger­
min~te and do s9 completely, the quicker the 
bett~r, and th'e-,uoreUnfavourableconditions 
unddr whiCh 'they 'call do' this the better (Wood­

. stocK, '1969). Seed'which satisfies these criteria 
has Jome to be te~ed high vigo~'t seed. P~rFY 
(197;2) defitied se¢dvigour as a'ijIiysiological 
property'deteniiined b~ the genotype and modi-

*c.orrespoudiug alltho~ '[ , 

, - • • •. I. . , ~! " 

fied, by the envir:onme!1t",wb,ichgovernsthe 
'aMity of.the s~~d to~prod!1ce a see~ini rapidly 
'ina sqil, and !he extent to wWch that seed toler­
ates a range of environmental factors. Hart­
m~'~d Kester (W~&) r~f~rred·to.th.e·~igour 
phen9me_non as ~eed, vitalijy, or germinating 
pqWer: whic}l couJd berep_res~nte4 by' t1l~. ger­
min1lJion, rat~.:-A~~.<>r~ing to; Hartmann an~ 

,Kester, in see~~ oflow viilbiIity; a lowgenlli­
na#oi) percent\g~,,~4a l~~ rat~ Qf'8e~ti~p 

,are .often associated. l} redu~.tion in s~ed v}abiI­
ity and vigour, may result !r9l!l~i,n,complete 
seed development on the mother plant, injuries 
during harvest, improper processing and stor­
age, or ageing (Hartinan~ ida Kestei~ 'i968). 
With long storage, .reduced viability is usually 
preceded by 'a per:iod of declin,ing vitaI.i~y 
(Toole et al.; 1956). Seed deterioration leilding 
to seed death is a gradual culmin~tive pr~cess 

~:and' only when certain critical parts ,Of the seed' 
I"f : ~l' 

Tanzani~ i.·~wic. Sc. (1998) 'Voll No 1, 1-8 
#. ~,.. ~ , 
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.> . 

are affected is there a loss~ in \,iaotlity (W ood~:' :;' was ~se(Ho :ffi6tsten· the growth' media. The' nl.i-
stock, 1969). Vigour therefore, starts to decline trient solution was prepared using deionized 
before viability and seed lots with similar vi- water .. Jhe.:lg(oWth me~ljum was packed into 
ability may differ remarkably in vigour. !', .'" .. 1. "',, trPJsp¥ew, pe.f§pex cylind!1!~. 5 cm)nterp.al~-

. Several studies have repo~t~d th~~aged.(low .~ .. ~P?-:'f.:,~ .~nd}O CI~\~,ig~. ~}iack. poLy~p-~ne 
vIgOur) seeds are more sensItIve to stress fa:c~ sheet completely covered each cylinder to 'pre­
tornlran unaged-(hi'gh-vigour) seeds during- - -ventlighUrom-interfering'with-root'growth. 
germination (Perry, 1970; Naylor, 1989; The bottom of each cylinder was wrapped ~ith 
Gurmu and Naylor, 1990). Water stress is fac- a)7~10~1,supported by a;'!Vir.e.niesh held.in 
tor that has been mo.st comm()nlystudied in ',. place:by..insu,lating tape.. '",,~{' ... ). ..' 
terms of its effect on germination phenomeita in .. . . ".,,' , : . \, ;'. ," ... " I' : . ,. • 

.relation to seeeJ yigOV.r (Bewley;al!d Black; 'Seed matetial.~ .;, .,. , '. 
19,82; Marshall and Naylor, 1~84, 1985; '1." ,':; ,:.1', ~.'J':) .' .'," 

Gurmu, .1991). In t\le field, ~anifest~tion of ; .The,s.~J,'gh?m ~ee~s,cultjy.~r, ICSV-l12 was 
differ~llces inyigC!,ur. ~.epend on the int~racti~n· :~upplied. by the Internatioilal ,<;:rop Research In­
between .the'seed.and envjronmental factors .. :, stitute lor Semi'~ Arid Tr~pic·s"(ICRISAT),Hy­
Most often, several of these factor.s suc.b.· as soil derabad, India: Seeds whose' weight leU within 
strength~Jll~tric;sucti,<?n.an4;t~}TIperatll!e.',vilfY.· a rang~, of ±l.s.d. 9{~~ mean (26 mg). weig4t 
sivlUltaneou.sJY:rhus,.~ifficu1ty arises. in det~r-;~ .. :.wer!!~~sed in,thestudY: .. '!'h.eJmage~ see.d had a 
mitring ~s. to whi~h·am.onKthese factorsgermi-: .... .laboratory germination of 1.00%. Aged seed 
'nating 'seeds cpuld. be~r.e~po~ding to;· Soil me~ was obtained by, artificially 'ageing fresh seed 
chanical iJUpedanc.e ~nd·water stress are. tqe follpwing !he cO:J?trolle,,1 det~rioration (CD) 
main stress factors influencing germination of . procedure (Mathews, 1980)'.' Tlie procedure 
seeds under traditlonatagricut"ture In the semi- _consists of laQoratory geinIlnatioh which ha,s 
arid tropics (SAT). Recent studies (Naylor and been preceded by periods of exposure to high 
Gurmu, ,1990) 'have shoWtithat seed' viglior in- temperature at specified levels .of seed moisture 
fluences the 'response :of'germiriation to .water content. Seed lots -with a low fmal germination 

'stress, On the other 'hand',' apart from general percentage after CD are said, ~o by of low vig-
statements i~ ·thditeratUrel (that~aged seeds are jour and identified~s oflow pl~ting and stor-
more'sensitive 'than unaged oiles to 'stress fac- ing value (~ay19r, 1989).Jn th~ reported s~d~, 
tors), 'we are not·aware 0'[ any studies done to seed ~amples were allowed to imbibe to amois-
deiennine'l{owagedCseeds respond to mechani- ture content of 0.21 g g-.1 then 'heat seaied .in 
cal impedance. Thi(purpose 'o'f the present almninium foil pacl}ets f~l1oweq by incub,ation 
study'was to test the liypothesisthat during ger- in a wflter bath at 45, ~~ for 4.days. After the 
minatibn, seedlingsfroin:;aged.seed respond to age;ng tr~atme~t, the low V}gour,s,eed Q~~"a 
mechanical impedance -in tlie same manner as laboratory gerJ?i~a(ion of 74 %'. 
those from uriaged seed: ': .. , c>' --, -' , .. ' 

. :-.. -. ~ .. ~. f! ' :.; :-j ~ 

Prop'ertiesi ~and 'preparationrof',_ 
growth media 0" '2 .':;\ 

. .; ';., .~~ ~ ... , .:'.~ :~r 1':7'-;':;; ~~~," .~ 

. ·A ~andy clay loam ,(C_arpq.w S.e!i,e~)..top s9i1 
(0-10 cm) was used as an impendin¥ growth 
medium.·The soil contai,ned 21 g ki orgatric 
matter and particle size dIstribution with 206 g 
kg-I clay (jJlll), 180 g kil silt, and 614 g kg- I 

sand (60-2000 jJlll). Soil pH was 6.7. Control 
platlts were grown in vermiculite. A dilute nu­
trient solution as formulated by Hackett (1986) 

.~.~c~.ing·~~ cylinders .l . 

We.ighed air-dry soil of pre-determined 
~Jllo~siUre content was placed!jli ~'miiing bo.wl 
and s~ft"lcient nutrient solution was added to 

. . '... l· . 

bring jt to field capacity (0.22 g g-l moisture 
content, approximately 10 !J,amatric suction) 
. .. . I· " " 
as previously. deteI1Jlineq. Following thorough 
mixing, the moist soil w~s made to pass 
through a 6.35 mm sieve. Aggregates which 
were retained on a 2 mm sieve were used in the 
study. The soil was packed moist in perspex 
cylinders to a bulk density of 1.45 Mg m-3

. To 
obtain uniform soil strength throughout the cyl­
inder, packing was in 2 cm increments. Soil 
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·~rrt-:-ilierial 'cillcula'ted to' filloeach -2' cIri~lieight' k­
cr-ement tb ·tlre 'desi'red bulk d~hsity was 
weiglled'and,paclCeui An cylilideis'were pack:ed After pl~!~~g, ,~~e4_s }Ven~. pl.~ce~ in a par-
.to~withiiP;i cfu~:bf;the top';;;Coifirol cylinders tially controlled 'enhromnent. A-umet'automat-
':Were 'loosei'y'\pacKed';with- vetiiti"culfte· mois- :~~a!ly:~~itsh~<l ,on~,~igh,w·at2 aIIJ and .oJf at 7 
ffehect with'n1itriellt;s'ohitiori'~f a ··ratio','o{ f"k:g :Pc.i.i?;~-to~silll.~l.a,ttrJ~ !:2 -gou}' -P!Io,~~peqo~d._Ey.ery 
vermiculite to '2 litres_ofsolution'pieviously- d6- _other day; . controL cylinders received,:20 ml of 
termined to correspond to field capacity. Pene- :nutiientsolutj.on,~~ th~y':~pq~d' ~~·~4r;~·~~t.very 
tration resistance (PR)~gsmeasured'-qsing a fast. Oxygen, concentration in soil- was.-18.1 .% 
penetrometer: The penetrometer needle used =:it plantin"g tim.~'~hich ~as adeq;;aie sinc~ it'be-
:ha~:il '2mm 4jamete'rton~\~it1i\:30se~1~kgle ,~omes iimiti'Dg-~f c'ori'centiatiollS. o-i'\b~low in % 
'ahd'a:rec~ssed-shaft'.-'Penetriiiori'resisciulce'was (Gra,ble and Sie~er, 1'9(8):- The oxyg~n ~on-
'~eas~re(i" ill :trial ii;gWps;'( cy'i¥id~rspackeJd; to· re- centratiol1-:,was measured witl; a'micro~el~ctrode 
q..'iire{bullc- d~lslties' alldl1!cilstUt.e:cont~nts) to met~~ (type 1). 1302, Stratllk~lvin Instruments 
getin mdication'Of what pertetiaiion -resistance 'Glasgow) in ai'r"saturated s'olution. 'A~bie-~~ 
-tlle~ioot~tand siioo~ ~ouldexperie\lce: In com- growth room temperat~e wa~s recorded "\l§ing a 
paCfed ~oiCp~neihitidIi i-e~istari~e -(PRJ waid:l thermograph. A ma~iniuni-minimum ther-
ti:'~·:b,5· '¥Pa: '!~ piailting.· In vermic3i'ite lffled m9meter att,ached to· tl1e"thermomete! cage I 
'cylmcterS', i)R'was'~O:03 MPa.· ;. - ~ :. . served as a check. A digitalthermQ~o.uple.seA-
. ',,,', ~j '··~.:T':· ~.;" -. ,- ~':'J. sor itYPt:: K)~qS use(Uore~d tell,lp~raqIr,e a,t 

:Pi:~g~rnii~ati~'n ,o'f s~~ds . - -', ~pectfie4:depths in the gro..yth medjq. A, f!lYQ..l~!:-
.~, ",. _ '- 'i , :j' , . • ' . ;:~~' ~ abJ~ t~Ip.p'er;;tt1Jre is a t;equirementforj geim.ina-

Seeds welepre,-gerininated on moist filter .t~on; OptimgIll·tempera!Ures for.gr:9~Qlof sQ.r-
·p~peFfuld''i teniperaruierQf 25 ?C. 'Excess, seeds ,ghum·a,re 27 ~C to -3Q~<;:, (Arnon,~ 19nkAn:a,ir 
·we~e.pre~g~TIriiiiate(Ho ensure ah adequate sup'- .cQ.n~it!Qne!.- it;ls,talled in t1!~~growJh~rQ9m k~p.t 
plY"bf genninatedse'eos ar:planting.';Slow ger- te.mperaturesbt;low f?:~C:.~ht;~, lig)1~~~~t':ore 
"ffiina'ting aged see'ds"~~ei'estarted oft' eariieHh~ switche~·.op. . ,:', ' :'.j;:":' r, • . • ". , , 

;tile' jir'&-geriniIiad6il process so--tliat se;edlings .' ~- ":h' ~~~~.;. 1:.' '. ~i . ;"1>. ~.:i ;, '_': 

;wouli1"6e·atthe siriie:srage as'-thoS'e' frbin fresh -Plant.measurements" , .'x :'.:' . ,.' 
"sedds at·planti'iig. IPrec:g'ermiria"tion thals had IV" , - ",'" '.. ' """,- ~ '.' -. ': 

'beeri"performed to~determirie tlle time 'schedule " Cyiinders were.~inspected da,ily.for si~{o,f 
necessary 'to :achie,,6 thfs··objecti"verAtplanting, emergence by temporarily remoVIng the'15hlck 
fFesh"'aildag'ed seeos 'had;been wehe'd for 41 plastic sheet. After 8 days, cylinders were indi-

fl;V;<;t,~~J~o~r.~:r:.e~12.e,,:ti~ely. '" .' "~ "_.'.'_:: ,_. " ., Vt.~~~lly. harv~sted to meas~r~: .~o~t an~,~p'o~t 
"A, ., _ -, -" - '.' . ....• ,.'lengths; fresh-mass;' mimber ofleaves;'number 

of lateral r~ots;th1cknes's' of the main axis 
~Planting~proced~re . '~' ... r" .:;:- ,.' .. ' --' .~ .. (measured 5 mm froill the-apex). A travelling 
-<._At-planting, radicit:! lengths were 6 mm on ,microscope was_used, to me,asure .t:oQt.tbi~kness. 
avetage. Individual radicle lengths were meas-", '.' i:-,' > -,,' , t.l" i.' .. '\ 
l. .. . I. ..... - •• s, -' - • • ,-

urea Jls~g vernIer callIpers. A small ~ole ~or~:. . Expei."ime:r:ttal layout; an~ aii-alysis' 
-res~ondl1lg to the length- of the radIcle was,::"'::': of'data' -:.. . - ~ ',' . ':.L'- - '.:l. ::: -

made in the soil or vermiculite at the centre of 
tlle bylinder using a rigid wire~. The radicle was 
lowbted into·the, hole and tlle seed' rested on the 

\ . 

:surf.aceY." LQose. soil or vermiculite was then 
,c6vere~ over the ~t:?ed to 3! cm depth._Nlayer.;lo. ... 
"mmof black polystyreIie'beads was placed:over ' 
,the growtli media to/educe evaporation. . 

,.111ere were (a) two seedyigo,ufsa.!egQries, 
-qnag~~ and artificia~ly age4.:;s~e4s an4 (b)tw.9 

.levels of mechani~al impedance,,-c.ompacted 

.sQil, ~1!ct v.erlTIiculite;· Unaged ,an_d ,aged seeds 
were,planted botll in,soil and in· v_t:?rmicul~te. 
Each. treatment was replicated S!X ti,mes in soil 

,and ,five,times' in v.ermiculite. All_statis tical 
:a~alyses.,~ere per~~rmed ~~ing:a'co~p~te~ soft­
~are-. S tatigraphics. y ~rsion5Jrq1p. §!ati.s tisal 
Graphics Corporation, US. 
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4 ,~.B.R, l{wehnmbiza & c.E,. ,Mullins 

Results and Disussion 
.', . '. -" .. ' ~ , " -, ' 

, -:: Daily mean temperatUre' at planting 'depth 
fluctUated' betwe6n 24.6 °c and 19:2°C 'dunng 
the study period: Overall, 'meaii dililytemi>era­

'ture w'as 26'.6±O.6C: Penetratio-niesiStance 
(PR) in' compactM soil increased' froni. I: l± 

-O.OS MPa atplaiiiing to L;4±.'o.06:MPa at har­
vest. In vermiculite:PR"was siillO:03 MPa.At 
harvest, soil moisture content had fanen to 0.19 
g '{ 1 from 0.22 g g" 1 (correspondmg to matric 
suctions of 10 kPa and 22 kPa' respectively).' 

, ' 

.1983; Masle, ,!nd J~as~ioura",~9817<;.;~harp, I Q90) 
,was P9ssibly iyvolvtrd. Th~;del,ay in ~mergeI!ce 
. unger ~! -lo,r, st:edlin,gs, (~p'D,l __ ag~.~ ,seeds ,¥as 
, !.8 dar~ c.(;)Jp.pa!ed)~ ~e~qlings. f~o.munaged 
seeds. Tl1e iplportan~e of !¥tying "fast, e!llerging 
:seedli~gs'Yas 4.trmons.tr~ted by: Weaich (1993) 
ip. a pardsett~gso~l using a maize,crop. ' __ 'c', 

Shoot' parameters' ; , :; 
_ " .' L, ,'. _ .':~;'I _ 'I .. : 

Figure I~ 'sh<?w~ ,t~~i~hoo,t p~nlflJ.etfrs a~ _~f­
fected by different treatments. ·Seedlings ,had 

, ': _ :. ~"_.J .,j('. _ " J.. ,~ I " _ 

.significantly (P=O,OS) longer: shoots in ver.-
,..,).. d,'''' '" •• J .. '" "~_'''' l. '!: . • .. .. ., '-" 

,miculit~,.o.3.8 cm) than in cOlJlpacted soil (S.9 
~ \ . ~ '. ~'. . . . ... ,. ' .. ".... '. 
cm). Seed vigour had no significant ,effecton 
shoot lengths Und~r both ievels ~f MI. ~)iini­

",.' ,iarly, ih~numbrerofleave~prod~~edby' seed-
Time to emergence as affected by mechani- .lin.gS was unaffected by'any of the tre~tme~t 

,Seedling emerge~ce' " . ( . 

cal impedance (MI) and seed vigour is pre-;~ . factors'. At liarv~s~, :allse~di1ng~ 'h"act three 
sented in Table I; ~Seedlingsemeiged signifi- ,. leaves on the average'. S~edlmgs 'groWn iIi ver-
cantly earlier(P=O.OS) from vermiculite'thim miculite, accumulated significantly (P=O.OS) 
from compacted soiL The above was true bOth more fresh shoot Ihass (109.6 mg)' than those 
for aged and'unaged 'seeo.'-Aveniged over vig- growing in compacted soil (64.9). 

'our categories, emergence was after WI and S6 ~,SignificantlY.1onger shoots' in vermiculite 
hours from conipactedsoil and from vermiCu'- compared to tho~e fr~in ~o~p~~t~d ,so'il might 
lite respectively. Inverhnculite, 'time to emer- have been due !O the' signitl~~nt difference in 
gence was not affected by seed vigour. Emer- the time t~e~ergence~ Shoot !engths for aged 
gence of seedlings from aged seeds and from seeds in ve!miculite equalled those from its 
compacted soil, was significantly (P=O.OS)d~- unaged seeds; ,In addition, the number,q(leaves 
layed by 42 hours compared to seedlings from :produced by the seedlings was ~affected by 
~aged seeds' grown mvermiCuiite. .\ the treatments. Seediings had thr:ee leaves at 
,/', ' , _., harvest in all treatments il!cluding the control. 

, "', These f~atures indicate thats~.ed vigouf}nay 
" .. ," •. _ • _ '. ',!" ,,0' - , 

, :rable1: Time (h) to ~mergence, as aff,.e,cte(l, by mechanical impedance and seed vigou-;: (values 
" " .<:' are: mean .±.S.e,.{Cv'%) ;' 

Seed type 
. " 

Unimpeded 
'~ .. 

Test of' s'ignitka'llce 'between 
MI 

Aged seed 121.75 ±. 18,6 (37)b n,'±' 2 (8)'. 

Unaged seed 79,67 + 3.3 (10)" 55 +,0 (0)", 
.... 

'\ 
." \: -:,.'. .... 

In each column, values sharing the same lettci: are "n~t significantly ditTer~nt (p-0.05) 

Seedliligs in coinpacted soirtookslgllifi­
'cantly longer to emeigecomparect't6 tllo's'e in 
vermiculite despite the seed having been cov­
ered with loose'soil at their planting deptIiof­
fering little more impedance to the shoo (than 
the control. This ineans thafMl to tile roofsys­
tem slowed down shoot growth prior:t()'enler­
gence. Root-shoot communication <'if the-ilature 
reported by other w6rkeis (Dawkin ef a I., 

" ;: , : ;." i, - 1· ,~ 
not affect subsequent/plailtgrorthafter germi­
nation and emergence haye occurred:, This is 

, I 
contrary to: the popular view (P,erry, 1972) that 

ftheinfluenc,e, of seed vigo~r may persist 
:throughouLthe,1ife of the' phinc' A 'chain of 
events resulted in less shoot ,mass being ~ccu-
mulated by seedlings growing in compacted soil 
compared to those in vermiculite. Delayed 
emergence resulted in shorter time of growth 
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before harvest. Consequently, shoots were 
shorter and had acciimUIated"h~ss mass"by har­
vesting'time. 

16 
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Note:' Values that differ significantly W==,·O.05) are indicated by different ietters. The fid(letter 
" "colTIpareS seed 'v.igour for.a given treatmenrand the·second.compares treatments for a given 

seed vigour ',' . 
Figure J: !\leans of, shoot lengths (A), number~of leaves (B)', and shoot mass (C), as affected 

by mechani,(:a1 impedance and seed vigour' " I . ' . 
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Note: Values thatdifter signitica)ltly, (P= 0.05) arejndicated by different letters. TIiefirst ietter 
compares seed vig~mr fora givelltreatment and the second compares,treatments for a given 
seed vigour 

Figure 2: Means of ,root lengths ,(A), number of laterals (B), root ~ianieter(C), and fresh 
root mass (D), as affected bymechani£aI impedance and seed vigour! ' 
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Root parameters : .. ';' . 
!1.' ;-~.; • 10;('- t I ., ~""' I.,.l'~' "t-" 

The root parameters as affected. by. MI 'and 
seed vigour!~re·showJ.1:in Figure 2:}nSeedlings 
growiilg 'iii vermiC'#i.it~ deJeioped .. significahtly 
('P~0.05) l.onger ~ootsthan.those 'ln6()mp~ct~d 
soil: Roots were 13 to 14 times longer in ver­
miculite than' iIi soil. 'f.. veraged over, seed vig­
our, roo't(iengthswei<r(~4>an~.19.5~9in in soil 
ap.d in ver.miculi,te, respe.cti vel.y."~~~.e(rvigour 
had'no 'significant effect on root 'lengths ·neither 
for seedlings"growing so'il'nr iriverl}liculite. 
The nlifuber ci latera1roots produceU'in'soil 

, I,' '. • . .' , ~ T • •• ~_ "~ 

w<;:re 1~,to_14% Oftll<;: numbers in contrQl seed-
lings (Figure (B». Averaged over seedwigour, 
se'edlingshiid 1 o and 42'laterals' in compacted 
schr ~ild.ln . veiiriipulite ! respet ti vel y. Seed vig­
our ha~" no significant effect on the nllffiber of 
lateral roots developed by seedlings neifuer.in 
~oifnoi'in'vermiC'ulite> . ,~~ , .. " . 

Seedling~--: growingcbmpacte:d'soi1 deVel, 
oped significantly (P = 0,05) fuicker radicles 
fuan tllOse in venniculite .(Figure 2 (C». Radi­
cles were tlrree times fuiCker in seedlings sub­
j~cted to mechanical impedance fuan those in 
fue control. Seed vigour had no significant (P = 
0.05) effect on fue fuickness of radicles devel­
oped in fue control or in seedlings subjected to 
MI. 

Seed vigour significantly (P=0.05) affected 
root mass but only under MI where root mass 
was 30.83 mg for seedlings from unaged com­
pared to 22 mg from aged seeds. Fresh ~oot 
mass was significantly greater (P=0.05) under 
unimpeded compared to impeded conditions. 
Compflred wifu unimpeded roots, root mass un­
der MI was only 16 and 23 % for aged 2nd 
una,gea seeds respectively. 

~Ttie reduction in root growth and fue num-
I ' 

ber of laterals produced; including fue increase 
in ro~t thiCkness under mechaniCal impedance, 
have been reported also from other studies. 
Studi~s by Eavis (1967) on fue effect of pene­
tratidn ~esistance on the morphology and 
growth otpea radicle found fuat, (i) root lengfu 
was approximately inversely proportional to 
penetration resistance and tllat (ii) the radicle 
enlarged radially with increasing penetration 
resistance. Reassociated the enlargement wifu 
an increase in dianleter, of the cortical cells. 

Possible explauations as to why fewer lat­
eral roots were produced under MI include 

Seed ".igo.~ and mecJ:!:prlcal imp~ance 7 

shorter; radicles qn which. only a,;.small-number 
of laterals could develop (Tsegaye and, Mullins, 
1994). The overall consequence of-having 
fe'weT 'la'tera,l~, ,~as ~,slgnifidantre4u!cdon iIi 

•• __ ~ .... '" ...... J • • •• '. 

root mass .. , ' ,:'~, I, ',r '. 

,;. Roots:did·noLextend.beyond.2·cm in com­
pacted 'soil: Under field- c9~gitions;, seedling 
growth and adequat~. water supply. to roots 
would,be',di,fflcult ~ince the .upper .~urfa6e of fue 
soil is subjec't to fluctuations in.temperature.and 
water supply. 'A combination of water stress 
and mechanical impedance ~ould rionnally re7 

. . • . 'J.' '" !r~_ .. _ •. :. ~ _ 
duce or prevent e,stablishmenL :,:~ " 

CortClusiOn,:~·'·· , ... - . ;:.' . 
'" . 

, Aged seed significantly delayed emergence 
~lid, es'petiaily' ip. seedlings su~j~cted to MI. 
the accumulation o.f root-mass W~S· also signifi­
cantly reduced in the same treatments. A com­
binatidii of, MI and 100\v' Vigour s'eed is thus a 
, •. , - "H· '-... ' . ..; fT'·· r' • • 

cilllse"of pborcrop establishment. Estab-
lishment is likely to be even worse in fue SAT 
where sowing of low vigour seed is very com­
mon, and planting rains are erratic and hence 
moisture stress becomes an added problem. 
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