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'Abstract 
Moist filter papers are widely usedfor seed gennination tests but their water confent and matric suction 
are not usually controlled. A technique for controlling filter paper matric suction is described and 
usedfor germination studies involving fresh and aged sorghum seed (Sorghummcolor (L) Moench). 
Filter papers wetted to matric suctions of 0.1 ,land 10 kPa were used to study germination, root and 
shoot growth rate offour cultivars (M35-1, ICSV-1l2, CSH-9 & CSH-ll) of sorghum at 25°C. Time 
to germination, root and shoot growth were all affected by the increase in matric suction from either 
0.1 to 1, or 1 to 10 kPa. Root and shoot emergence ratefrom seeds, decreased with increasing matrie 
suction. The increase in matric suction resulted in significant reductions (P= O. 05) in final root and 
shoot length. Final germination percentage was not affected by variation§ in matric suction. Ageing 
delayed shoot emergence. Seedlings with emetged shoots were significantly fewer at 10 kPa as 
compared to 1 kPa only for aged seed, and for all cultivars except Icsv-i 12. A link between matrie 
suction, seed-liquid contact area and the rate of water uptake by seed is demonstrated. We conclude 
from this study: that changes in the matric suction on filter paper even at the wet end will cause 
variations in gennination rate and therefore ought to be controlled during germination tests. Seed 
tests separated in time and space can not be compared iffilter paper matric suction is not controlled. 

Keywords: Filter paper matric suction, Germination test, Seed-liquid contact area, Seed 
vigour, Sorghum 

Introduction 

The influence of matric suction on water ab
sorption and germination of crop seeds has 

been a subject of much research (Collis-George 
and Hector, 1966). In· the semi-arid tropics 
(SAT), soil moisture stress is perhaps' the most 
important factor limiting crop establishment 
and production. Whilst establishment is only a 
part of the crop production system, it is the 
foundation on which all other factors affecting 
final crop yield are dependent (Hooke, 1987). 
Thus, unless the success of this early phase is 
assured, an entire planting may be doomed 
from the outset. Seed factors acting alone or in 
combination with soil and climatic factors fre-

*Correspoudiug author 

quently cause establishment problems. Screen
ing seeds for germination and vigour in stress 
conditions in the field is complex because of the 
dynamic nature of the soil and above ground 
environment. Several laboratory methods have 
been tried, for example germination of seeds on 
soil-covered tension plate (Harper and Barton, 
1966) or in soil pre-equilibrated to known po
tentials in pressure plate or membrane equip
ment (Hadas and Russo, 1974). The former 
method can only give matric~ suction values in 
the range 0 to 0.1 MPa and the latter is not re
ally suitable for producing l~rge quantities of 
equilibrated soil (Etherington and Evans, 
1986). ~he use of osmotica sfch aspolyethyl
ene glycol (PEG) to control solution water po-

I 
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'ton;and ,Evans;', 1 98!'ikThe.use. of osmotic a 
such as polyethylene glycQi, (PEG) 'to control 
solution water potential is so far the commonest 
method~,?f st~9ying Jhcr e.ffect.9f-:water!~tressgto • __ .~.~. 'to, -' .•. ·J,.h._ --.0,' ., ...... "" . .J ~_.,..J .~~_Jdl"_'H';J. • .....,·_1 
germmating seed under: laboratory conditions. 
However;'the metliod iSinorappiopriate,u{ eco
·logical"stuaies of::-seed, germinatioll' mteiation 
':to'soil~wa!er:"In' soil~ 'seeas ~c'an ,absorb 'wafer 
.0nlY through "'a~liiJ{itedis'titfaccYafea which is in 
contact with'~tbeFso:il ~(Qollis7G'ebige' ana Rec:' 
·tor', '1966»~iln~P:EG~~~seeilsare-:Suitouriifed by 
the solutiori~jlllu;;tlius~ ,the 'seed:liquidcontact 
'area asia:£aClqf'iiiiiifingwate'rabso'rptionis 
'ri.ilecf"ouf. 'There 1's ihfidenc'e :a:lso 'that .plants 
;gtowinirin 'PEG cotili:l suJfer,Jronfoxygen',defi
'Ciency in 'addit1orr,i(i'toxic~effects . especially 
:when .high'molecular 'weiglifPEGs, are us'ed 
'(Maxel etal..'; J,915)~.· Moist filter papers and 
othe'r paPer 'slibstrata'are:also widely used for 
seedgeimination~te-stS~but their water contentS 
and IIiafric' siicti6hs'imTriot' usil(illy'controlled~ 
There is; a need tllerefore to' standatdise the fii
tel paper method:of g'eriri:fua'tiori rests:if.(a) ger
'IIiination"tests separated in~tiIi:J.e·afld space have 
tQ:tbe tompared,,(b'y rate'of.g~ifu.ination: tests 

, are ,to'be.perfOnried,aiil:lYa'ttrbf rO'0f br-s1ioot 
growth·sti.idied>fn'tliis paper,: a,:fas('siiiiple 
method using filter paper to impose'moiSture 
stress on' germinating seed is described and 
used,to sfudy germination, root and shOot 
gro;ili~f f~~sh a~l(i'~g'e'd 'gra~ S.9~gh~·~~~£, 

... J...~_ ..... , _.,j.~ .• _.... • •• : ,:J. 

,M~,t~~'~s -," \ ,",' ',: '~: .~'-' " ~>.': ','~, '::'~.' (I' 

-" ~~: .. ;" r;",. ~ .. ~.j.: ~ .. '.'" (;:.:.-:: .~~~ ~j" ~ !~.~ ... J --:'!', 
Backgrofui'd of-the filter'paper' :" ,:, 
technique!::' "" .~.~ ) ",," ',' 
,,:'1-~':~"~<;'''''~'!''''~-'' ,~-'. "·.~··r 
\ .Germina~ng:~eeds.on',calibrated filter pa-, I' ,L , ...,., . 

pers is-technically an off~shoot fr()pifthe filter 
pa~erllgeth~d for soi! matricpotential dc:termi
natlOIi.,Cahllfated filter, papers were first used I . , .' , ., 
by ,G~rdner( 1937) (1s.: a',method for. measuring 
the soil water releasecharacteristlc. Since then, I ."., ,'" 
the ,use of the technique for.measuring soil ma-I ""'- , , 
tric potential h,as been, .. thoroughly studie.d 
(Faw~ett and.Col1is~G~org~:' ~96i;Mullin~,,: 
1991) and a standard, procedure for. calibrating 
filter p'~pers Lhas r~fently.been published (Deka 
~t al; 1992). . 

'>"" . - F.B.R.,RwehUDiliiza,&,C.E. Mullins: .. 15 

TP.e 'ptincip~e' ijt,v'olveJI'>" , .: ~' . .-", ':,:-
...... ,::. ,'~.d. ':"'-; .J....,,;,,..} ... ." ·-,~':i· ,: .. : c .D ..... : .... 'S, 

.' ,'::.~Th~JP-riI).,cjp-J~ inv9lyed is"the::.opposite Of 
:!I.tat used 'iI).:4e~rm~IliI).g~so~1' mat):'ic pot:entiaNn 
\y'h,ich'.lI. ,caJi1?!:l!-~d,'fil!er;nap-er ,is.:!placed;inJcqm 
.ta~t: ~ith a,:sgA ~!lmple jI). a~fl.ose~l. ~nyjr()nri),ent 
'uPJH . equ.i~ibli\l!Il:.1,~, r~~~4e,d. i :J:l1egravtmetric 
lWMer~ c.Q!1tept' of.. th~ ,.fnter 'papeJ~isitb~iI,: de,tet-' 
·m~!!~d.;md . fQQxe~~g to ,matric~ S.uCtiCIl u$ing a 
.!,l.aJillratio.n ~u!,ye Ot, a :regJessJon equatipn"of 
'IIl,at,r.ic s,Qc,tjon versQs, gravimetric. water con~ 
:t~n~.: ~n thi~ .ne,w t~'ihnique, the amount of 
"~1l!~r (g g-O required to' 1:lrjng' a unHmass 'of 
,dry' fjlteJ ,pl.lpe!,. to a' desir~d 'ruatFic suction' is 
,Q!:>,taiI).~d~ trom, l!: cali6rat!on curve s,r regression 
~guati9~:' A wid~<!'l!-1lge;of.I!J.a,triqu"tiOl).s :from 
.lkPa,to 100 MPa can bemeasured,with a filter 

~ .' • ~ , . ... •. . - .... , • - ..... ~ . .-~';l .-

pap~r Jf_a wc~tt !Ul~ Co His -George,- 1967). and 
1!~.nce~can b~ iglposedon triter pap~rsff~mois
!Ur~ str~~s st!I4te~c The reql!iJ~meIJ.tS:of th~.fil
~rpap~r techIliqueare: _ ',' . , , 
,1, ACll.libratioIl curye:' Matric suction, versus 
r •. fiJter Pllper gravimetric water content. .-.~. 

2 .. ,,~,supplY of calibrated filter pap'ers type 
,)"Whatman No..42 whichsho~ld, be.from,the 
.,:',same:batc}l as :thosein,{l). .. v .. '" 

}.,'M!ltric suction(~) to work at f01:', eXllmple 
,0,1, 1.0 and 10 kPa ·in th,e reported study. 
By interpolation, obtain ,the corresponding 
gravimetric water content as 2.38, 1.75 and 
1.15 from the calibration curve (1). " _ 

4. Calculate the amount of water required to 
, .' tiring weighed filter paper(s) to a chosen ma
, tric suction as: Mass of filter paper (g) x 

.. Gravimetric"water content (w/w) .. ' 
" ;' - .. ~ 

,~orkedexample " 
-." To calCulate the amOtintof water:tequired 
fu boog:5 discs Of filter paper weighiIig 6.20;g 
to a matric suction of 10 kPa. The gravimetric 
water content correspom;ling to 10.kPais;1.l5 
g' g.;l '(from calibration curve) and thus'; the 
amoUnt,of water required would be 6.20 x·1.l5 
~,7.2 mt. '.. , • '- ' 

Matrk"suCtio'IlS:llsed and how 
tlie~ were ',lnaintain~d ':.: 

Three matricsuctions (0.1, 1 and to kPa) 
were used in 'a' range of experiments. Weighed 
Whatman no. 42, 12;5 cm filter papers were 

, / . 
wetted,to watercontents'of2.38,1.75 and 1.15 
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16 Filter. paper,matric suction during seed testing 

g g-l calculated tobri~g,them lo.matric;suc
tions of 0.1, 1:0 and 'io kPa' respectively. 
'Thes'ec~lculations-were based on filter paper 
calibrations made oy Deka·etali~ (1992). Three 
replicates :each containiilg' '25 see'<iS:of each cU1~ 
tivat we're"gertninated' iIi- triple' v~nt;~' 14cm di:.. 
anieter Petri, dishes , each containing a'stackbf 
fi ve:Jiltei-papers whi6h'\vere' :m3:mtained' at 'il 
matric suction ofO .. F, ,1 odO kPa. Five:filter 
paper discs were' chosen· .becaUse :it was'c3icu~ 
lilted that' even if :the. '25 "se e ds""' (me an;'se'ed 
weight taken as 30 mg)'.iinbibedito 50 ,% of 
their initial-weight~; filter-paper water1content 
wouldn't be' reduc:ed ,by' 5 J% in:;2~li!: The 

'above strategy wouldpreveilt· drastic increases. 
in 'matricsucti()JCAfter mOistemng them, the 
filter.papers .were left fon5,minutes to equili
brate before putting seeds on.' At these small 
suctions 'water :added to· the filter paper equili~ 
brates very'fast, (Greace'n et 'al.,: 1987). Tli'~ 
petri dishes were placed ill a vented oven at 25 
C. for. the ·study.;, To minimis~lwaterl()ss,the 
oven was lined'with, regul'arly moiste'ned J
cloths .. The matric suctiori;of the Jilter papers 
was checked daily. by weighing 'and' any losses 
were corrected by' adding more"'water.Mean
while,. the~ seeds were temporarily-tranSferred 
to a stand .. by petri'dish niaintained at tlie re
spective'matric suction~"") , .. . c;: ;~'.~ 

Seed 

;Sorghum seed'cultjvarsM35-l, CSH-9, 
CSH-lland -ICSV-U2 wereobtained,from the 
International Crop Research Institute for the 
Semi - Arid Tropics (ICRISA T). The seed 
samples have since been stored,at 8° C.~Mean 
seed weights (mg) were M35~1(35), CSH-
9(39), ~SH:ll(3l) and lCSY.:1l2(26) • .;Initial 
see,d water content in,allcultivars ·variedcbe
tween 8.8 and 9.3g per 100.g freshweightl 
Fresh and aged seeds were' germination,tested., 
Ageing was bycontr,olled deteriora.tion 
(Mathews, 1980) at 40 C for 48 h following 
imbibition to a water content of 19 g per 100 g 
fresh weight. Aged se~ds,we~,e:not dried ba~k 
before the' germination te~L Thtperformance" 
of aged seed is usually poof c'cimpared to' that 
of fresh seed under moisture stress (Naylor, 
1989; Gurmu; 1991).IThe inclusion of aged 
seed in this study was to'.investigate whether 
the differences in germination attributes be-

" 

. tween the two seed categories could'tie'detected 

.bYithis newitechnique,,':' ~:.:'t;'r,:,· ',;;",:, ;i" 

.: ._ICfLF;!\I~' ~·f,~·,~· ,~ .... ?i J,_~ ... t: .. 'J r - ·,-·ail·'7 .... !,~ .. Jf\)" 

(Ge~)fimatioII' lest on ~tllier·jiap,er.': 
.«lc}.~·::"r.n:J 't .. .'I.t:~{ -:'#_ 'i~~0:!L 1_:,'_'".0: ~~ i!:ii.:.l 1n':J~ 

-'0', ~Age..d~se~~s:. from" aU cultiYars"were;germi
'l1!lU<d~at;l.Q\and· 10kPa.:·Fresh seeds'fromic~
Jiyars .M35,,:1;a,ndJJ:SV~U'2 Were ge miina ted 
M ,O.l:anq L_Q'kPa.;tw4ile,,\Jbose:,fro~ cultivars 
GSH-9 a,ndjCSff"l1r~.werelonly"gemiinated:at ,I 
kPa. To·keep!rac~ of~~c4:.w.WYi41ll1:1:·s.eed dur,
,ing the experi~~nt;:,al pencjhgr.i<:l:was, drawn 
,ap.d $e"ce'l~,num~red·l·to if5 OJLth~: top filtf:T 
paper .. Thus; each;s~edtul9. ~: ~wnb.er .. DisJIes 
:were ID.spected.r~gu1arly!to;9bserve and~record 
gt;rminated seeds,,(i.e. ~e~ds~:with radicle.1ength 
of 4 mm or.-more). ·Whene,'(er. germination 
cQunts w~re m~de; radi~l,e, lengths, wt;re ~eas," 
ured ,as w,eH: Sh<;>ot ,e_m~Tgeiw~, was ·also ·re:
cord~d. and ,lengths, J;D,e"asurt;d .. QQ~e{coleoptiJes 
~ert: .• onger th.a,n .4:!!lIl!. :,1]~,~ ~xperiment was 
disco.Jlti~u~d ,after 'U7. 'h',be~ause set;dliIlg~ 
w~re grttmg overcro~9.~ wi~ ra<;l.icles b.ecpm:;
ing tangled.; FOl: ~afh:.cultJvar, an ,estimation, of 
the time to re:acho,SO% i,Q.( final.germ!Uati9J.l ~d 
coleoptil~ emergeJlce: was obtained by interpQ-
1.1,!~0I!fro!l:rgrap~:.of ,cwnulatiy.e.,g!!qnination 
ag~~,HiI1].e. . i. :;: ,~. 1, c~' '1'.',. ,I' 

Effect :of ,filter 'papermatric suc~' \; 
tion"on'-iiilbibition::' ':"C" : .. '.",:! 

Water upta~e by seeds was assess~.d~~t)n\a
tric suctions of 0.1 and 10 kPa. Two cultivius 
(ICSV-112 and CSH-9) were chosen for the ex
periment:,a.oth.cJiftivars'had 10.0.%.laboiatoiY 
germination.',Seeds were selected for Wufonn1 
ity of size and mass achieved through sieving 
and weighing:' :Alt':see'ds"fro'ih ICSV~112 
wei'ghed~5 nrg each, "ttios'e 'from CSH::9 

. ,", . - l "} ,.' ' .. 
weighed 38 mg. There were ten seeds per rep~ 
lication'and fivereplicatb\.for. each cuftiiar: 
Seeds imbibed water'from moist' filter 'papd us:-
, ....., l, , 
mg the same 'procedure'descnbed m the pre-
ceding section~ Water uptaici was moIrltored by 
weighirig after r,~2:cl, 4"-5b: 9,14; 25, -28, 
31, 34, 39;42, 40 'and "50 li: Seeds wer(nin~ 

, ': /' 

bibed' with the side opposite the depression fac~ 
mg'dciwnWards and were patted' dry with ap~
per handkerchief before each weighiIig. Matric 
suction was maintained constant by transferring 
seeds onto freshly moistened filter papers 

/ 
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". ' < , >F.B.R. RwehwitbiZil & C.E. MulliDs ; i7 

hourly up to 9 hand after each weighing there- area according to Collins-George and Hector 
after. The imbibition process lasted '50 h. '(1966). ,\ :: 
Room temperature varied between 19 and 21 C -' 

during the experimen~. : _, Ditaanalysis _ :" ." 
In a further expenment, seeds from all four f", ' , ' , 

cultivars Were fully iIQIDersed in water to as~ The'percentage of se,eds in each cultivar 
sess whethei::they diff~ied in imbibition rate: ,,' which geiminated"at diffe~ent matric,'suctions 
The replicates and n,~m.ber of seeds were as de-'. were tested 'for equality using the "z~~itatistic. 
scribed above". Oilly seeds w~ose mean weight Similar tests were carried out on the pe'rce,ntage 
fell within a range "of Is.d. 'were used in the ex- , of emerged coieoptiles. Radicle and coleoptiIe 
periment. Set?ds ~e~~ rein~v~9 for weighing (t''': leng~s of seeds germinated ,at differe*~ Ii!a~c 
after I, 2, 3, 4, 5, 6, 7, 18', 20, 22 and 50 h. ~. suctIOns were c,?mpared usmg a t-test. Other 
Seed water cO,ntent was calculated both on,,' computations were done using Statignlphics 
fresh and dry weight basis. ,,1 'Version 5 (Statistical graphics Corporation, 

" US).' " . "" .::') 

Effect of filter pap~r matric suc- " ... 
tion on seed-liquid contact area } -:, Results . . ,") 

, ' . .... / 
.1 

" 
I \ , ' "," 

Because it was expected that seed-liquid' ." '" , 
contact area could be a majot' factor 'controlling: -', Radicle and coleoptile em,ergence 
rate of imbibition, a procedur~was"devel~ped of fresh seed at 0.1 and 1 kP,a 
to measure seed-llqUid'·con"tact area,aIi.d,~usea to.' .,> ... ~~ r' ,"...' • 1 - ••• 

. ". " , :" . ' ~, :-',,' "Figure 1 shows c~ulative radicle and co1e-
mvestigate the eff~ct pf ,matric suction on this 
parameter. Treatlhents were "the four cultivars optile emergence for c,uttivars, ICS,V-ll~ and 
, d th t . ti' (0 I I d 10 kP) M35-1 as affected by different matrlc suctIons. an ree rna nc suc ons. an a . . , 
. ' ' ., " Germmauon was faster at the "smaller matrlc 

on fllter paper. At each matnc suctlOn"" ten .. '''- ti~"'Whe 'di r ' ' , fir 'b' 
seeds per cultivar were placed in a Petri-dish suc °dn. ft 3n5rha c e

d 
emlerge~lce was st 0 -

. . , serve ,~er ,an co eoptI e-emergence at 
contammg 3 fllter papers (Whatman No. 42, 62 h 'gnifi 'u' (P-O 05) di 1 d 
12 5 ) h ' h h db' d' h ' Sl can y -. more ra c es an . cm w IC a een mOlstene WIt I ' '1 h d" dOl kP . . . . '"'' co eopti es a emerge at.. a matnc suc-
delOffized water to brmg them to therr respec-.. , . -Radi I . ' 14 d 6S' C1 . . . tion. c e emergence was. an 10 at 
tIve matnc suctions. Seeds were arranged so as '0 1 kP ,\ dOd 20 C1 I kP 

k k f d 
. ,,'. a;\compare to an ' 10 at ' a re-

to eep trac 0 each seed unng subsequent '. . I fi M35-1'-. d ICSV~11? Aft 62 
Th 'd . th d ' spective y, or an : -. 1 ~r 

measurements. e Sl e opposite e epres- \h th 56' d SO C1 f d""" 1 'h .', ere were 'an 10 0 emerge ,co eop-
SlOn on sorg um seeds was placed m contact "'1' 0 1 kP'" d 12" d 22 C1 1 

'th . fil Afte 15' d tiesat. acompare to ,an 10"at WI mOist ter paper. r mmutes, see s kP H' f' I '" " , a. owever, ma germmatlOnpercentage 
were removed With tweezers and placed and did diffe" fi tl b . 
pushed into a thick layer of fine powder of ,;; , no fit "thr, Slgrnl' can y" etween matnc suc-

r. . , ' tIons or el er cu tIvar. 
crystal vIolet WIth therr wet surfaces down. The 

, I I .. ~ 

fine powder stuck and stained the wetted area ", _ , , ' -
on cohtact in all treatinents except at 10 kPa on ~;,: Radic~e and co~eoptile' ~mergence 
M3511(This procedure, did not work well if \:~~ ageq.,seed'at 1 and 1~ kPa r:,. 
seeds were placed on moist filter paper for a \ '. ,'- '. 
d U

j h than 15' ( 5 d 10 \' FIgure '2 shows cumulative emergence of 
ura on sorter mmutes e.g. an 'I'd" " ' 
, tl ) Th d fi M35 I d' CSH 9 radic es aI,l -coleoptiles versus t1me as affected mmu es. e see coats or - an - b d'fS: .,' A . 
!, Y I lerent matnc suctlOns., s WIth fresh 

were .water repellent, and apparently took some d th' t f 't"· f II ul' 
.;~ tl ./ see s, era e 0 germma Ion 0 a c tivars 
UlUe 0 wet. ". 'f' I' (P 0 05) was slgm lcant y =. greater at the 

A travelling microscope was used to meas- sn;taller (I "kPa) matric suction. RadiCle emer-
ure seed and wetted area diameters. Measure- ,,, -genet< was first observed after, jSh, butco1eop
ments were made alon, g two main axes and an 

tile emergence was delayed untilS6 h. The per-
average calculated. The values so obtaine.d-, centilges of emerg-ed radic1es 'rec~ided at'l kPit: 
were used to calculate total seed and wette'd" J 

\ after 35 h were x2 to x30 of those observed at 
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18 Filter paper matric ,suction during seed testing 
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Figure i~ Rruticle and col~optile emergen~ - fresh seeds, -

Figure 2: R!lflicle and, coleoptileemergence - aged'seeds 
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F.B.R. Rwehumbiza & C~E. MuDiuS 19 

cultivars except ICSV:112 in'which respective 
lengths were 82 to 86%. Mean radicle lengths 
across cultivars arid seed:quality varied be
tween 39.7 to 40.9 mm at.O.l kPa; 27.9 to 
39.2 mm at 1 kPa and~23.7 to 31.5 mm at 10 
kPa. . . 

10 kPa. The final radicle emergence percent
ages did not differ significantly between the 
two matric suctions. Emerged coleoptiles after 
86 h and at 1 kPa, were x3 to x13 of those ob
served at 10 kPa in the 'rourcultivars. When 
the expe'riment was completed at 117-h~ signifi
cantly (P == 0:05) more ,seeds had:. their cQ.Ieop~ > 

tiles emerged at 1 than anO kPafor all culti~ 
vars except ICSV-112 --~ 

Lengths of coleoptiles Of'ageq seeds at 10 
kPa were between 25 to 56 % of the lengths at 

~, J kPa. In fresh seeds, lengths at lkPa were 62 
~ " 'r to 77 % of fuose at 0." kPa. Mean coleoptiles 

Time to 50 % germmatioit
c

(T50) 

Time to'reachJ50 % ,germination (Tso) 
based on final germination cqunt~ as ,was af
fected by matric'suc'ti6n is'sIiownm Table 1. 
Less time was required.to attain Tso at smaller 
matric suc'tions: T~o also'varied between culti
vars and with seed age. Only two cultivars 
were tested at 0.1 kPa. For fresh seeds, Tso 
was 35 h for ICSV-I12'and43 h for M35-1. At 
1 kPa, Tso varied between 40 to 45 h for all 
four cultivars. In aged seeds, when germination' 
was first obser'ved at 35 h, Tso had ali~ady 
been exceeded in cvs CSH-ll and ICSWI12 it 
1 kPa. Tso for cvs M35-1 and CSH-9 were 
41.5 and 40 h respective~y. For all four (;vs, 
Tso was shorter in aged than in fresh seeds at 
the matric suction of 1 kPa. At 10 kPa, Tso val
ues were 53.5,50,46 and 38.5 h for M35-1, 
CSH-9, CSH-ll alid ICSV-1l2 r~spectively. 
Tso did not vary between experiments fo~ simi
lar treatments. At matric suctions of 0.1 and 10' 
kPa, Tso values were 31 and 42h compared to 
30.8 and 40 h in Table 1 and Table 4 respec
tively for cultivar ICSV-112. It is worthy not
ing, that the 'results presented in Table 1 and in 
Table 4 are from gernrlnation experiments 
separ~ted by more than a year. The ;lbove is 
evidehce therefore of the reproducibility of ma
tric s~ction on filter paper. I / 
Rad;icle and coleoptile lengths 

Lengths of radicles and coleoptiles as af
fected by matric suction are given in Tables 2 
and 3 respectively. Significantly (P=O.OOI) 
longer radicles and ~oleoptiles developed in 
seeds germinated at the 16~er matric suctions , 
for all cultivars both (or fresh and aged seeds. 
At higher matric suctions (1 and 10 relative to 
0.1 and 1 kPa), radicles lengths were 68 to 73 
% of their lengths at the lower suctions for all 

"<.lengths varie,<t' between 5.3 to 6.3 mm at 10 
kPa; 9.5 to 17.5 mm at 1 kPa and 20.7 to 21.9 
mm at 0.1 kP~. A comparison between radicles 
and coleoptiles indicate that coleoptile growth 
was more sensitive to changes in matric suction 
than radicles. 

The effect of matric suction on 
imbibition ' 

Figure 3 shows water uptake rate by seeds 
imbibing fully immersed in water for the four 

. cultivars. There were no significant differences 
(P=0.05) in water uptake by seeds between all 

~-cultivars in the first six hours, and throughout 
between M35-1, CSH-ll and ICSV-1l2. Culti
vars CSH-9 and ICSV-112 persistently differed 
significantly (P = 0.05) in water uptake after the 
first six hours. Seeds in all four cultivars had 
imbibed between 37 to 44 % (52 - 59 % dry 
wt.) of their initial seed weights by 50 hours. 
However, 50 % of the water was taken up 
within the first seven hours. 

In cultivars CSH-9 and ICSV-1l2 which 
were also imbibed on tflter paper~at 0.1 and 10 
kPa, water uptake was greater at'ihe lower suc
tion (Figure 4). However, the difference in im
bibition rate between the two suctions was not 
significant (P=0.05). On the other hand, it 
took,significantly (P=0.05) less time to reach 
50 % 'germination at the lower suction (Table 
4). Time to 50 %' germination was 11 and 8 
hours earlier at 0.1 than at 10 kPa respectively 

I ' . 

for ICSV-112 and CSH-9. However, seeds had 
imbibed to the same moisture content at Tso ir
respective of the matric suction at which they 
imbibed. Between cultivars, ICSV-112 seeds 
germinated at a significantly (P=O.OI) higher 
water content than CSH-9. Despite this, Tso 
was significantly (P=O.OI) less for ICSV-112 

/ than for CSH-9 at either suction. 
. I 
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. " . '.", ••.. '~.. ',- •. , 'l~""'. i~ •. \J·.",\·r·~.~ 

-Table i:Time (h) ·to'50% gei-min~tion'aD(lcOleoptileemergeilce:as affected 'by:,;.ulpvar, seed 
age and matric suction ' '" , ' ,.:_,'~=_" ~'., , ... = .. ". -,.. . '--~, - ,"'. 

Cultivar I':: ' .1 Seed age Matric suction P'''i "n""s "'1 T50 F i n -. '- ~ 

1 T50 a 
" .;:: ~ri: g e r min a t ion (radicles) germination (coleoptile) 
"':j., \,:("I',;,i\ (radicles) (coleoptile) 

( ,~?) 
,(kpa~ !.%~-

',' .. J 
Q!~ !%~ ~2 , 

CSH-9 Fresh " 1 100 4~ 94 _ ._. _ 75. , - .- -, - .' -- --- ---~--- - - " -
Aged 1 100 40 86 ~! ", 76 ' ~,: 

'-

10 r 100 50 62 100 

CSH-ll Fresh r:'." 84 41 78 77 

Aged 78 32 78 81 
".\ ,-

.' ., , .'., 
10 82 46 60 106 

g.l. < . > 

M35-1 Fresh 0.1 86 43 86 58 
l.~ 1 92 45 

( , 
90 77 

Aged 1 ; i 86 41.5 " . 84 ' .' .-~ ... 77 .1 :<.l 

10 1", J 86 53,5 60 97 

ICSV-1l2 Fresh 0.1 r, 100 26 • ! 1 ~',', 100 40 

100 40 96 ') ,i/, 73 
II 1-1,. :. fJ.~,' . r 

Aged 100 25 94 78 
1 

10 98 38,5 92 96 

The eXl!eriment was terminated after 117 h becauSe' radicles were b~cominj1 tanj1led: ' 
" .. : \~ 

The effect of matriC suction on 
seed-liquid contact area ," 

~ ~ 
The appearance of stained seed-liquid con-

tact area (SLCA) as affected by matric suction 
is shown in Plate 1. The circular shape of the 

I'. ~ ! ~ .::. ," 

stained area' supports the assumption made that 
sorghum seeds are nearly spherical. TIieSLCA 
decrease(tlls lll~tri~,suciiQn ~cre~sed'~'Stain 
crystalslpowder-remaine~ ul!dis~olve(ta~ the ' 
highe'st sucti'on-:-At this suction (10 kPa ), 
SLCA were undefined smudges on seeds of 
cultivk M35-1. Thus, the calculation of SLCA 
cOuldlnot be undertaken for the cultivar. 

Ta,bfe 5 shows seed to seed-liquid contact 
area htio as affected by matric suction for dif-

, ferent cultivars. Significantly (P=0.05) higher 
ratios] were obtained at a matric suc~o.n of,O: 1. 
compared to 1 kPa. At 1 kPa, respectIve SI:CA 
ratios: fod.-135-l, CSH-9, CSH-ll and ICSV~ 
112 had'fallento·only.24;·,25,·33 and 30% of 
the values obtained at O.lkPa. Between the 
matrie suction of 1 and 10 kPa, significant'dif
ferences (P=0;05) ~nithe ratio were obtaIned 
only for cultivar CSH-l1. Overall; the' ratios 
varied from 12 to 23. ~ % at O.lkPa; from 2.9 

to 6.9% at 1 kPa, and between 2.2 to 4.2 % at 
10 kPa. Pairs, of cultivars, M35-l and CSH-9, 
and CSH-ll and.ICSV -112 differed'sigIiifi
canp.y (p=0.05) in SLCA ratio at each suction. 
Cultivar CSH-:ll and ICSV-112 had larger ra
tios'than the ~th~r pair. The SLCA ratio for 
CSH-ll and iCSV-112 at io kPa were even 
larger than those. for M35-l and ICSV-112 at 

.... the lower.suction of 1 kPa. . .. , - - ' 
_" ; -Watei~uptake-.;after 7'h-in CW;tiVilf~ cSH'i9 

and ICSV-112 which imbibed at the three ma
trie suctions (0, 0.1 and 10 kPa), demonstrate 
the effect of seed-liquid contact area on imbibi
tion (Figures 3 and 4). Water uptake was 17.9, 
8.4 and 6.3 % for CSH-9; 26.6, 18 and 15 % 
for ICSV-112 respectively at a matric suction 
of 0, 0.1 and 10 kPa. 

• ; ." F"' " :, ~ 1 t ~ '. .'.' , ': ... : 

:Pi,s~U~sion. , ", ;' 

,:'~ T~esti;t ofge~ination was significantly 
deiayed by'.an i~cre~se in filter paper matric 
suction for all cultivars for both fresh and aged 
~eed: The. sl~\yer pace of germination at greater 

,.' .../ . .. 
suctions was also evident from T50. Smaller 
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22 Filter paper matrie suctiou during seed testing 
• \ , .. _.-i~ ." J ' .. '.:'"! . 'f '~t .. :.." • ..: .... , ~ 

oCultivar - - ' - Seed age - ,- . Statistic - ,~,Matric suction' 
:f . '. , " 

-j,t; 

'.~ ')~ .. I 
Lengtli r~ti.o 
(high suction 
flow suction) 

-. -- ~.;:! _(kp,...:-,-a)---:--:-::=-='":--:-==-~""":-(-~"'c.:'!I,.........,~~~ __ (%) 
',. 0.1 r;tI! 10 

" -- ,_. 

CSH-9 

CSH-Il 

. .;, 

.~I ,~.
,~: .. -

, . 

-- , .. 

~\' Fresh 

-r-

i' fo,ged ,-,C. 
1:. 

" 
Fresh 

\':: 

Aged 
;\. 

Aged 

, , 

.,: . 

ot' mean 

~iI se 

',\ CV(%) 

mean 
li-

se 

CV(%) 

.···.1 mean 

se t, 

CV(%) 
t~~ 

mean 

se 
" 

CV(%) .' 

mean 

se 

CV(%) 

mean 

se .; 
',J ...... 

. ) 
.,t. 

~~; 

!:":;-

:;-~ 

(',~ 

"'" ~, 

: '> 

.- :) ~ 
;' 

~'~ 
. 1 ~ 

" 

-

39''-7 
1.3 

21 

1 

35.8 

1.1 
20 

39.2 

1.2 

20 

35.S-

0.88 

16 

35.1 

1.4 

',';' 28.7 
0.8 

20 

24.9 

I 

24 .. " I ~ ':-? ~~:6 :.=::.~-
27.9 .- --> - •.. 

1.5 

32 

34.8 

.J.3 

23 

37 

23.7 

-.:".- L· ~~~ '-,.j:'; ... 

..I" 

.t,.,,:,"; .~, 

,73 

71 

.. -- j .- ft '~!-:-l'" . -.~,.-

70 

68 

86 
""";'-' 

"I ~ •.• ' 

All cultivars.had f!reater radicle lengths (p<O.OOI) at the smaller oteach pair-ofmatricsuctions' :' 

T50s were always associated with smaller ma
tric suctions. Our results provict'e':no' evidence 
that total germination (radide emergence) was 
reduced as ma'tiic' suction increasedbtito'nly 
that ther-ate'of germination was signit'ic'antly' 

• ... ,~" #" • i ..... - ,.'. 
reduced; However, the finaYcoleoptife 'emer-
gence percentag~ -was signitiCandy\red~ced at 

:~ .; r • :_ , '; ." _ •. ~ -. . 'j!{ :...:.~ , 

'.' ".: ,;,. 'I"~ \ ... " " ~'~ .. .- . " 
IO:cgmparedto 1 kPaJQr aU.cultivars e.x;cept 

. ICSV-I'12,' "'1: c ,... .-<--
I 

., i". ~t is 4,nlike1Y,Jhat'tqe: differeI)c,es in:r.natric 
s,-!ction wer:e directly responsible for ·the ditIer.
enc~s in, 'geI1l].in#!ionrat~ (!t suchJowsuctions;, 
Under field conditions, the matric : suction val-

" ... -. .. . - -

ue~ Jlse,d',(O,I, I and IOkP.aJ;wQuIQ corresp~l1ld 
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Tab!~ 3,:,; N:ean cJ>lepptj~e I~rt~ (mpI); ~ft.e~};~ 7r,h as"af[~t~d: by', ~I~~y~ '; s~~~,~~e_~.d.,m~tr.~c 
suctio,n.~ __ ,S' ';;",;~", .;, _';~" ,':. ~;,' ",K.-F.'i ':- . ",':" ,;::J:-'<,~' 

CItiver , Seed 'age " Statistics Matn.c- suction ' 
,- ., C'l 

CSH-9 mean ('-: \ \." 

se 

, -~ , 

11.9 

0.52 

LO 

cY(%), , ;' .:;1., ' .. :r i .1. ;},;UI r 29 ~ 
-- - .. - --_. - -. .._- ...... ---- "- - .-, 

.. ~Aged, mean 

se 

CV(%) 

CSH-ll Fresh mean 

se 
"CV(%) ,> .' 

Aged mean 

se 

--.------- CV(%) ---
• '1 

9.5 

21 

11.9 

0.55 
29" ,> ~;": 

12.1 

Cdl 
,',: .. H _. 26 , . 

5.3 
0.26-':'::;2 ' 

27 

24 

56 

1..-.: 'I', 

M35~C"-' Fresh _. mean I 

se 
f -.) 

21.9 -- -.--_ '13.6'-

0.84 
, ~1 t 

. i\ged' 

, r. 

ICSV-1l2 Fresh -

C' • 'I ;~n 

A'ged 
,I." " 

CV(%) 

mean' . I;~.t .... 

se '~' \ 

CV(%) 
r :;. 

mean ':."J 
}; . 

se 

CV(%) .':: 
'''~ ... ".0 

mean 

se 
.'.,1' 

~ .. -CV(%)~=-, ~':" 

25 

20.7 

0.67 

23 

,~, ,16:66 

" 0.77 

'26' 
• '''1(i) 

(':'0:57 
H .:' 

'I, .. , _22 
~17:5 

: .'0;86 
27 

5.8 

0.23 

.,-r--

(::j -l'J 

6.3 ',," 

35 l: 

77 

36 

- '.:. 

All ,cuitiviirs had 'greilter.radicle :length (p'<O.OO 1), at.the ,smaller of each pair or matric sucti~ns. :, :-,·i ' • , • ~'-i I . , _. , 

kPa) ,o,r wet~e.r, T~~§:, ·pW;,q~.s,~r:-:~~L~ffects ar~; 
almost· ~erta¥y. due, tq ,the,et(ect of matric suc~
tion on the,contact,area of the ,water film ,bec; 

. "'," v , .... ,- , .. ~{ ,i..... ," ~. " f_ - ..... ,. 

tween tbe sef;d,anq ,th(fil,ter:paper. ,Sin1ilar#-
fects are also:jik~iY to ~,oc~qr. iIi the, so~i so tha-t 

••• ~ _ .......... \~"" ..... .o; ~1 ~_ ... ,.J .,' 

these results indicate thercombined importance 
.. oJ".' ' __ ..:'!~ :".'J~f' ...... ~!.,: /,r:..~ J 

of seed-soil contact and matrie_suction ill ensur: 
i~g'Jfa;t' g~imi~atio~:' r~oi ~and:~ho6t growth. 

. '! v.... ... '. ..':" l .• ' • '.~ ," '. ~ '. J ! 

The .seed moisture content at 50 %. germination 
~ru, '~ot affected b'Y' the ~~tri~ suction at which' 

• I. . ...... ', _ 1.,', . , .... " 

the seeds imblbed./J:his shows, that seeds must' 
'. ~".:... ..... /l!.i .... _! " ... ~. . '!. 1\. • "'-"', 

reach.~ specific w~ter. 9.9p.~ep.t a,t, gerwination)r ~, 
.. _. ~. ~.' .... __ ... _ ,.J )~'t tit. .f,.. '+ t 
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24 ":"Filtcr'p'a"\'rmatriC'Su'ctioil dill'ing seed testing 

Tabie' '4:'tSeedc.i.riistiIre'c~NteM<,%'·fresh Wt;)'~ar T50 'ai1d:tim~ to"50%' g~r.niD'ati6iir·as afredetl' 
by m~tric suction and cultivar (Each v3Iue is a mean of five replicates)' . j~ 

::-..:=- _=o;-~_..:. _ -.-=- . _. - .... ' ~: v •• ,.- ~_ -"' ___ 7_·~=-- . -- - __ .. . .• " •. -; . __ 

CliltWar ;3;. ':: 

(k";')'" .... '1".,. 
Matric suction . .. "m:t"at T50 mean ±: ~e' (CV) Tso"- ' --' 

pa" . ,_ .. :', 
ICSV-112_. C ') 0.1 

-10 -. - _. --- .. -- --
J_ 

(%) (h) 

31.4~±1.8 (7.3) 
31-,49:±2,5 (10) 

31±0.9 (6.8) 

42±0 (0) 

eSH"9 ----- --"- .-

10 

. '0:1-- .-- - --. 27 .48±0. 8-(5 .2) - -42±0 (0) 
50±0 (0)'" ; 

-, ., 

LSD (P < 0.05) 

27.17±l.3 (7.9) 

6.1 

"II:' ... 
1.52 

Seed moisture content at Tso. is based on all seeds (germinated and ungermimiied}.at~56% germination. 

f"l"j 

Cultivar Statistic' .:' , Matric suction 
.. ) 

Table 5: Effect of filter paper matric suction apd sorghum culti~ar o~ seed to seed-liquid contact 
area ratio (n =.1_0) , _ - '~ ... ' 

t' ". ;.... , 

Cultivar Statistic. Matric suction "- " ~ . \. 

.:\' (kEa) 

0.1 10 

CSH-9 
.. ,. "0. 127b. a 

• I 0.0328. a O.022a. a mean 

se , " ' 0.009 0.007 0.004 

CV(%) 21.6 
itA 

40 46.4 

CSH-ll mean ·0.207c. b 0.068b. b ':. 0:037." b 

se C.i ,0.914 0.005 0.006 

CV(%) • ~ 14 .. 7 24.2 I 
.. .,.,- 33.9 

M35-1 
" 

mean 0.12b. a 0.029"' a . 
- ~. ;~--:'.! tot • J ··.f 

se ,p.009 0.003 

CV(%) 24.8 27.5 

ICSV-1l2 mean ,O.231b. b 0.069" b 0.042" b 
< .. -. t:. ' 

" se 0.011 0.006 0.001 

CV(%')' " 15:3 21.2 6.1 

Multiple range test results (LSD) at p <0.05 are given. The first letter compares between suctions fo'r the same_cultivar, the. 
second letter compares between cultivati at the same' suction.Means sliaring tlie same letter are not significantly different. ';,\ 

\ 

respective of how fast they are allowed to im
bibe_ The above is in agreement with early 
work by Hunterand Erickson (1952) in which 
it was established that each crop species has to 
attain a specjficmoisture content to germinat~. 
H6w~'~er ,,' rue .c*rent:~tudy li~s' shown tliat_ cul-' 
tivars from' the 'iaIne)'speCles (Its\! -1 Ii 'and, 
CSH-9) call' hav'e dlifererit moisture contents' at 
g~rmifl.~ti6ii.;·.' .; .,:.,.,.:~~-, ·':f.: ~': ..... :~-~;' 
- Tb'is 'work has establishe'd a link oetween 

"+ ~'':''''''_'~ J\_ ,) .. ' •. ~.J. ,'" - ,'~l-"':"~' .: f' 

mat'ricsuction,: seed-liquid 'contact area and rate 

of water uptake. Incr6ased inatric suction, re
duced the water'imbibing shrface on the seed 
(SLCA) resulting in decre1sed water uptake 
rate. For example, fully inimersed in water, 

• I 

ICSV-1l2 seeds imbibed to li moisture content 
of '27:'% (fresh \vt:} in"71i: fAt O.'lkP'i and·on; 
filter papet:)aboud~3h'were requi~ed and'at 10" 
kPa '25' hours were needed ·to· fritbibe to 'the' 
rri.oistu~e ~~riteMof21' %-: TheiHore'~ this 'must 
be 'a 'contact: at~a effecCConsequeIitly ,-ali' iii~ 
crease ,in iriitriE 'StlcW:lIi' Cleiays the JIiitiaiioll'ot' 
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'. i,MAtRICSUCTION .. - ~ .". - . ..",~ -' - .. ' 
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'd 

ICSV -:'112 
. , ", 
" . 

M35-1 
-l •. 

'" , 

.\ 

0' "_I" 
- '. 

,. 
~~. 6' 

• l.' 

,,; .• ' 

. \ •. ~ '."'j - ..... 

" 

" 

I,", ): ... :;D!L_::-:..~· 1-

,~ ~ .;.--~~.: {'U 
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if! I ilter' paper m~tric'sudion d~ring seed h·stiu~ 

germination and the attainment of T5o. 
The rate of imbibition wasrnotseen to be . 

proportional"tcHhe' s~ed liqu'id contact area . 
(SLCA). One possible reason is that the SLCA 
gradually increases with time as a water film 
builds up on the outside of the seed. The rate of 
imbibition was high in the first 10 hours after 
which it slowed down. The water'potential gra
dient' between dry seeds and moist filter paper 
must have facilitated initial rapid uptake of 
water. The slowing down of uptake probably 
occurs when the wetting front passes through 
the whole seed. 

Seed,. weight may also have affected germi
nation rate. Between cultivars and ~t all matric 
suction~: lighter seeds, ICSV-1l2 a~d CSH-ll 
germinated earlier than heavier ones, M35-1 
and CSH-9 both for fresh and aged seeds. 
However, this may reflect the effect of seed{ 
soil contact area (smaller seeds having a rela
tively' greater area of water film contact than 
larger-seeds) rather than something 4ltrinsic to . 
the seed ·since Dunbabin and Aitches~n (per
sonal communication) found thatT50 decreased 
with increasing size of sorghum seed for seed 
from the same cultivar and seed lot when con
tact area was not restricted. 

A comparison between fresh and aged seeds 
at a matric suction of 1 kPa shows that ageing 
had a beneficial effect on the onset of'germina
tion. Gemiination was earlier in aged than in 
fresh seeds, for all cultivars. There are two 
possible explanations. Firstly, faster germina
tion in aged seeds could be linked to their hav
ing been at greater water content (19 g per 100 
g) at the beginning of the test compared to an. 
average of 9 g per 100 g in fresh seeds. Thus, 
aged seeds had to imbibe less water and there
fore took a ~horter time to reach'their critical 
water contents for germination. ·SecOIidly, seed 
repair or invigoration could have occurred in 
the seeds following imbibition and slight ageing 
(Burgass and Powell, 1984). 

There was a no clear influence of ageing on 
radicle or coleoptile length for seeds germi
nated at 1 kPa. For M35-1, ageing increased 
radicle and coleoptile length compared to fresh. 
seed whereas for CSH-9 ageing increased radi
cle length but reduced coleoptile length. Since 
these results do not distinguish between the ef
fects of ageing on time to germination or cole-, 

optile emergence and the effects on the sub
sequent rates of root and coleoptile growth, 
they are inconclll;sive. Future work needs to 
deal separately }Vith th.ese two effects. Addi
tionally, drying back of artificially aged seed 
should be a necessary procedure before com
parative studies involving fresh and aged seed 
are undertaken. 

-Despite the above observations, it is clear 
that the overall effect of increasing matric suc
tion on coleoptile was more pronounced than 
on radicle length. In circumstances. where hard
ening of the soil surface due to crusting or 
hardsetting can prevent penetration of the cole
optile (Weaich, 1993), t!Ie.eff~9t.of a greater 
matric'suction (or poorer seed-soil contact) dur
ing emergence and / or the effect of poorer seed 
vigour may prove critical in determining 
whether or not a seed lot can emerge through 
the soil surface. 

Cimc1usion .' 
~1 ..!...\ 1 

It can be concluded from this study: (a) that 
there were differences between cultivars in ger
mination rate, root and shoot growth under the 
test conditions, and (b) that chang~s in the ma
tric 'suction on filter paper even at the wet end 
will·cause variations in germination rate and 
tllerefore ~right to be controlled in germination 
tests, if time to germination is" to'be'determined, 
or germination tests separated in tiine and space 
have to be compared. .. 
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