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Abstract

Moist filter papers are widely used for seed germination tests but their water content and matric suction
are not usually controlled. A technique for controlling filter paper matric suction is described and
used for germination studies involving fresh and aged sorghum seed (Sorghum bicolor (L) Moench,).
Filter papers wetted to matric suctions of 0.1, 1 and 10 kPa were used to study germination, root and
shoot growth rate of four cultivars (M35-1, ICSV-112, CSH-9 & CSH-11) of sorghum at 25°C. Time
to germination, root and shoot growth were all affected by the increase in matric suction from either
0.1to1, or 1 to 10 kPa. Root and shoot emergence rate from seeds, decreased with increasing matric
suction. The increase in matric suction resulted in significant reductions (P=0.05) in final root and
shoot length. Final germination percentage was not affected by variations in matric suction. Ageing
delayed shoot emergence. Seedlings with emexged shoots were significantly fewer at 10 kPa as
compared to 1 kPa only for aged seed, and for all cultivars except ICSV- 112. A link between matric
suction, seed-liquid contact area and the rate of water uptake by seed is demonstrated. We conclude
Jfrom this study: that changes in the matric suction on filter paper even at the wet end will cause
variations in germination rate and therefore ought to be controlled during germznatzon tests. Seed
tests separated in time and space can not be compared if filter paper matric suction is not controlled.

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

Introduction quently cause establishment problems. Screen-
. ing seeds for germination and vigour in stress

The influence of matric suction on water ab- conditions in the field is complex because of the
sorption and germination of crop seeds has dynamic nature of the soil and above ground

been a subject of much research (Collis-George environment. Several laboratory methods have
and Hector, 1966). In the semi-arid tropics  been tried, for example germination of seeds on
(SAT), soil moisture stress is perhaps-the most ~ Soil-covered tension plate (Harper and Barton,
important factor limiting crop establishment  1966) or in soil pre-equilibrated to known po-
and production. Whilst establishment is only a  tentials in pressure plate or nrembrane equip-
part of the crop production system, it is the ~ ment (Hadas and Russo, 1974). The former
foundation on which all other factors affecting ~ method can only give matric suction values in
final crop yield are dependent (Hooke, 1987).  the range 0 to 0.1 MPa and the latter is not re-
Thus, unless the success of this early phase is  ally suitable for producing large quantities of
assured, an entire planting may be doomed equilibrated soil (Ethermgton and Evans,
from the outset. Seed factors acting alone or in  1986). The use of osmotica such as polyethyl-
combination with soil and climatic factors fre-  €ne glycol (PEG) to control S?IUUOD water po-
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‘ton:and .Evans; 1986):The use. of oSmotica
such as polyethylene glycol. (PEG)-to.control
solution water potential is so far the commonest
method.of studying the effect of.water, stress:to
germmatmg seed under: laboratory condltlons
-However; the metHod ismot’ approprlate to’ eco-
logical studies ofseed- germmatlon in felation
“to* sorl= water*In §6il; 'se€ds ‘can absorb ‘water
.only through*atlimited: siiffacé afea which is in
contact with the7soil<(Collis-George and Hec-
tor, 1966)=nPEGFseeds are surrounded by
the solution*anidithus? the ‘seed- 11qu1d ‘contact
dfea dsiafactor: llmltmg watet absorptlon is
ruled-out. There is €videncé ‘also ‘that-plaiits
‘growing:in PEG could suffér from 6xygen:deéfi-
‘ciency in addition-to ‘toxic effects éspecially
when high-molecular weight PEGs-are uséd
(Maxel et al., 1975).- Moist filter papers and
other paper substrata are-also widely used for
seed gernination: tests‘but their water conterits
afid matric Siictions aré"niot usually controlled.
There is' a need théréfore to Standatdise the fil-
tef paper method-of germmatlon tests-if-(a) get-
‘mination tests separated i m tithé.and space have
to“be cotnpared,- (b) rate of - germmatlon tests
- are-to’be. perfonned and rate “of -rdot or shoot
growthi-studied:*In*this papef, a:fast; siiple
method using filter paper to impose moistire
stress. on’ germinating seed is described and

growth of fresh and agéd grain sorghum seed:,
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Background of the filter paper
techmque' A N
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Germmatlng seeds on cahbrated filter pa-
pers 1s~techmcally an off-shoot from;the filter
paper method for soil matric-potential determr-
natlon Cahbrated filter: ‘papers were. first used
by. Garduer(1937) as.a-method for _measuring

the soil water release. charactenshc Since then,

the. use of the technique for-measuring soil ma-
tric potential has been: -thoroughly studied
(Fawcett and Collis: George 1967; Mullms
1991) and a standard-procedure for. cahbratmg
filter papers | has recently been published (Deka
et al; 1992).
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The prmclple involved - ‘="~ -
ETE S N P 1

K aThe pr1n01ple 1nvolved 1swthe :opposite of

_that used‘in- determrnrng,soxll matric-potentialin

which-a calibrated- filter paper is:placed:in‘con:
tact with asoil sample in a;closed, environment

‘until equilibrium-is reached.:The gravimetric

Wwater; content of the filter-paper-is;then deter-

mined and converted to matric sucticn using a

calibration curve or a regression equation of
matric suction versus gravimetric, water con-

‘tent: In this new technique, the amount of

water (g g-1) required to bring a unit mass-of

dry filter paper to a-desired matric suction:is

obtained. from a calibration curve I regression
equation:- A wide, range-of matric:suctions from

1 kPa-to- 100 MPa can be measured.with a filter

paper (Fawcett and Collis-George - 1967) and

hence can be imposed on ﬁlter papers:for mois-
ture stress studres The requlrements of the fil-
ter paper technlque are: e :

1,A. cahbratlon curve: Matrlc suctlon versus

1 filter paper gravimetric water content. .

2 ..A .supply of calibrated filter papers. type

. *Whatman No.-42 which should be from;the

.z.5ame batch as those-in (1). "-; s~ -

3.-Matric suction(s) to work at for-example

- 0.1, 1.0 and 10 kPa-in the 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
- bring weighed filter paper(s) to a.chosen ma-
tric suction as: Mass of filter paper (g) X
Gravrmetnc water content (w/w)

Worked example .

* To calculate the amount of water-required

to brmg 5 discs of filter paper weighing 6.20.g

to a matric suction of 10 kPa. The gravimetric

water content corresponding to 10.kPa is:1.15

g g-1 (from calibration curve) and thus’ the

amount of water required would be 6.20 x:1.15

—72ml 2. o o

',4

Matrlc ‘Suctions’ used and how
they were mamtamed

. Three matric suctions (0.1, 1 and 10 kPa)
were used in ‘a range of experiments. Weighed
Whatman no. 42, 12.5 cm filter papers were
wetted.to water contents of 2.38,-1.75 and 1.15
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g g-1 calculated to. bnng them to- matrrc suc-
tions of 0.1, 1.0 and 10 kPa’ respectrvely

"These calculations-wefe based on filter paper
calibrations made by Deka et ali- (1992). Three
replicates e4ch containing 25 seeds of each cul-
tivar were germinated'ini- triple’ vent-14-cm-di-
ameter Petri. dishes-each. contalmng a'stack-of
five filter papers which weté' maintained ata
matric. suction 6f:0.1,<1 6r:10. kPa. Five:filter
paper ‘discs were’ chosen: bécaiise ‘it was’ calcii-
lated that evén if:the. 25-5eeds” (mean séed
weight taken as 30 mg)iibibed"to 50 % of
their initial weight!: filtér papér water:content
‘wouldn’t be reduced by 5:% in‘24 h:: The

“above strategy would -prevent drastrc increases .

in matric ‘suction. After morstemng them, the
filter papers were left for°15. mmutes to equili-
brate before putting seeds on. At these small
suctions ‘'water added to-the filter paper eqmlr-
brates very fast-(Greacen et al., 1987). Thé
petri dishes were placed in a vented oven at 25
C. for. the $tudy-- To minimise" water 10ss, -the
oven was lined'with regularly moistened J-
cloths. The matric suction-of the filter papers
was checked daily-by weighing and any losses
were corrected by’ addrng mor¢ water. Mean-
while, -the: seeds were temporarrly transferred
to a stand-by petri dish marntarned at the re-
spective’ matric suction’ 3 703
Seed . IOVER RN FHIN A VRN
Sorghum seed cultrvars M35 1 CSH 9,
CSH-11 .and ICSV-112 were. obtained from the
International Crop Research Institute for the
Semi - Arid Tropics (ICRISAT). The seed
samples have since been stored.at 8° C. Mean
seed weights (mg)-were M35-1(35), CSH-
9(39), CSH-11(31) and 1€SV:-112(26):; Initial
seed water content in all cultivars -varied :be-
tween 8.8 and 9.3 g per 100.g fresh: weight:
Fresh and aged seeds were: germination tested.
Ageing was by controlled deterioration
(Mathews, 1980) at 40 C for 48 h following
imbibition to a water content of 19 g per 100 g
fresh weight. Aged seeds .were:not dried back
before the germination test The performance
of aged seed is usually ] poor compared to- that
of fresh seed under moisture stress (Naylor,
1989; Gurmu;. 1991). :.The inclusion of aged
seed in this study was to investigate whether
the differences in germination attributes be-

_tween the two seed categories could- be ‘detected
by this newrtechmque NI I ATRERNT NI
I 6] AR ORI P IRV 4 SIE - CRIPAARRET | S REITVS

‘Germmatron test on"filter paper

N ﬂ\Jy Db Tl eI poow BHBED TRy
o Agedrseeds from all cultlvars..were germi-
nated:at:1.0,and 10-kPa.. Fresh seeds from:icul-
tivars M35-1.and ICSV-112 were germinated
at0.1:and 1. OrkPa,(whrle.those from- cultivars
CSH-9: and ,CSH-11vwere only.. germmated atl
kPa. To- keep track of each:individual:seed dur:
ing the experiment;: a;pencilrgrid:was,drawn
and the-cells, numbered-1-to 25 on the. top filter
paper. Thus, each seed had a number., Dishes
were inspected. regularly.to; observe and: record
ge.m.llnated seeds:-(i.e. seeds-with radicle length
of 4 mm or-more). . Whenever, germination
counts were made; radicle 1engths were meas:-
ured as well ‘Shoot.emergence, was -also re-
corded_and-lengths, measured once;coleoptiles
were longer than 4. mm..The experiment was
discontinued after .1 17 h-because seedlings
were gettmg overcrowded with radicles becom-
ing tangled -For. each: cultivar, an estrmanon of
the time to reach 50%, of final germination and
coleoptile emergence was_obtained by interpo-
lation from'graphs-of cumulative germmatlon
agamst ime. - i ;

Effect of filter paper matrlc suc- :
tion on imbibition= G -

" Water uptake by seeds was assessed at ma-
tric suctions of 0.1 and 10 kPa. Two cuitivars
(ICSV-112 and CSH-9) were chosen for the ex-
periment:, Both_ciltivars*had 100%.1aboratory
germination. Seeds were selected for uniforms;
ity of size and mass achieved through sieving
and welghlng Al seeds from ICSV-112
we1ghed 25 mg each, those ‘from CSH- 9
weighed 38 mg. There were ten' seeds per rep:
lication'and five repllcates for each cultlvar
Seeds imbibed water'from moist filter paper us-
ing the same procedure described in the pre-
ceding section. Water uptake was monitored by
Weighinig aftef 1,23, 4,5, 7, 9, 14; 25, 28,
31, 34, 39, 42, 46 and-50 h Seeds were’ ‘im:
brbed w1th the side opposite the depressron fac-
ing ‘downwards and- were patted dry with a pa—
per handkerchief before each we1gh1ng Matric
suction was maintained constant by transferring
seeds onto freshly moistened fil/ter papers



hourly up to 9 h and after each weighing there-
after. The imbibition process lasted 50 h.
Room temperature varied between 19 and 21 C
during the experiment.

In a further experiment, seeds from all four
cultivars were fully immersed in. water to as-
sess whether:they differed in imbibition rate. -
The replicates and number of seeds were as de- - -
scribed above. Only seeds Whose mean werght
fell within a range of 1s.d. were used in the ex-.
periment. Séeds were removed for welghmgr
after 1,2, 3, 4, 5, 6, 7, 18, 20, 22 and 50 h. o
Seed water content was calculated both on ¥

fresh and dry weight basis. - P
: o - Us).

Effect of filter paper matric suc- - >

L

tion on seed-liquid contact- area 2 .

Because it was expected that seed 11qu1d
contact area could be a major factor controllmg
rate of 1mb1b1tron a procedure was developed
to measure seed qumd ‘contact area, and used to -
investigate the effect of matric suction "on. this’
parameter. Treatments were the four cultivars
and three matric suctions (0.1, 1 and 10 kPa )
on filter paper. At each matric suction,.ten .-
seeds per cultivar were placed in a Petri-dish
containing 3 filter papers (Whatman No. 42,
12.5 ¢cm) which had been moistened with
deionized water to bring them to their respec-- «
tive matric suctions. Seeds were arranged so as
to keep track of each seed during subsequent '
measurements. The side opposite the depres-
sion on sorghum seeds was placed in contact
with moist filter paper. After 15 minutes, seeds
were removed with tweezers and placed and
pushe‘d into a thick layer of fine powder of ,
crystal violet with their wet surfaces down. The
fine plowder stuck and stained the wetted area
on contact in all treatments except at 10 kPa on >
M35.1: This procedure, did not work well if
seeds‘ were placed on moist filter paper for a
duratron shorter than 15 minutes (e.g. 5 and 10
mrnutes) The seed coats for M35-1 and CSH-9
were .water repellent, and apparently took some
time to wet

A travelling microscope was used to meas-
ure seed and wetted area diameters. Measure-
ments were made along two main axes and an
average calculated. The values so obtained-.
were used to calculate total seed and wetted

Jt

*(1966).
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area according to Collins-George and Hector
SR
Data analysis - .-

Thé-percentage of seeds in each cultivar

". which gefminated*at different matric suctions

were tested for equality using the z-statistic.
Similar tests were carried out on the percentage

. of emerged coleoptiles. Radicle and coleoptrle

lengths of seeds germinated at d1fferent mamc
suctions were compared using a t- test Other
computations were done using Statrgraphrcs
Version § (Statrstlcal graphrcs Corporatron

Results St

- Radicle and coleoptile em&g’eh‘ce

of fresh seed at 0.1 and 1 kPa

Frgure 1 shows cumulatrve radrcle and cole-
optile emergence for cultivars- ICSV-112 and
M35-1 as affected by different matric suctions.
.. Germination was faster at the smaller matric
" suction. When. radicle emergence was first ob-
served after 35 h, and coleoptile-emergence at
62 h, significantly(P=0.05) more radicles and
coleoptiles had emerged at 0.1 kPa matric suc-
tion.” Radrcle emergence was. 14 and 68 % at
0.1 kPa compared to 0 and 20' % at 1'kPa re-

"-, spectively for M35- 1'and ICSV 112. After 62
*h, there were 56tand 80 % of emerged coleop-

tiles'at 0.1 kPa compared to 12,and 22 % atl

kPa. However, final germination percentage

did not differ, significantly between matric suc-
tions for either cultivar.

Radrcle and coleoptrle emergence

of aged seed at 1 and 10 kPa *

4
v Frgure ‘2 shows cumulatrve emergence of

radicles and coleoptiles versus time as affected
by different matric suctions. As with fresh
seeds, the rate of germination of all cultivars
was significantly (P=0.05) greater at the
smaller (1.kPa) matric suction. Radicle emer-
gence, was first observed after 35 h, but coleop-
tile emergence was delayed until 86 h. The per-
centages of emerged radicles recorded at'1 kPa
after 35 h were x2 to x30 of those observed at
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10 kPa. The final radiclc emergence percent-
ages did not differ sigaificantly 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 four cultlvars When
the experiment was completed at 117 h, signifi-_

cantly (P=0.05) more seeds had: their coleop- '

tiles emerged at 1 than at"10 kPa for all culti- _

vars except ICSV-112

Time to 50 % germination(T5()
Time to reachi50 % germination (Tso)
based on final germination counts as was af-
fected by matric-suction is shown 'in Table 1.
Less time was required to attain Tso at smaller
matric suctions. Tso als 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-112'and 43 h for M35-1. At
1 kPa, Ts0 varied between 40 to 45 h for all

o

_uf—
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cultivars except ICSV-112 in which respective
lengths were 82 to 86 %. Mean radicle lengths
across cultivars and seed quality varied be-
tween 39.7 to 40.9 mm at. 0.1 kPa; 27.9 to
39.2 mm at 1 kPa and 23.7 to 31.5 mm at 10
kPa.

Lengths of coleoptlles of aged seeéds at 10
kPa were between 25 to 56 % of the lengths at

1kPa.In fresh seeds, lengths at 1 kPa were 62

to 77 % of those at 0.1 kPa. Mean coleoptiles

-lengths varied 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 kPa. 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

four cultivars. In aged seeds, when germination -

was first observed at 35 h, Tso had already
been exceeded in cvs CSH-11 and ICSV-:112 4t
1 kPa. Tso for cvs M35-1 and CSH-9 were
41.5 and 40 h respectively. For all four cvs,
Ts0 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-11 and ICSV-112 respectively.
Tso did not vary between experiments for simi-

lar treatments. At matric suctions of 0.1 and 10" -

kPa, Tso values were 31 and 42 h 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 thé results presented in Table 1 and in
Table 4 are from germination experiments
separ‘ated by more than a year. The above is
evi‘de‘nce therefore of the reproducibility of ma-
tric suctgm on filter paper.

Radicle and coleoptile lengths

Lengths of radicles and coleoptiles as af-
fected by matric suction are given in Tables 2
and 3 respectively. Significantly (P=0.001)
longer radicles and coleoptiles developed in
seeds germinated at the lower matric suctions
for all cultivars both for 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

«

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-11 and ICSV-112. 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-112 which
were also imbibed on ﬁlter paper at0.1 and 10
kPa, water uptake was greater at the lower suc-
tion (Figure 4). However, the difference in im-
bibition rate between the two suctions was not
significant (P=0.05). On thé pther 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
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=0.01) higher
water content than CSH-9. Despite this, Tso
was significantly (P=0.01) less for ICSV-112

“than for CSH-9 at ejther suction.
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-Table 1¢ Tinie (h) to: 50% germmatlon ‘and coleoptrle emergence ‘as affected by cultlvar, seed

. age and matnc suction

= a R R e

Matric suction F' i “‘n"''a’

Cultlvar - ' Seed age “ITso ~ >  F i n a 1Ts
S P . germination (radicles) germination (coleoptile)
VT j‘\ (radicles) (coleoptile)
e G . (B ) @) (%) [0
CSH-9 Fresh 1 100 - 42 _ S S - O
T Aged 1 T ) 40 . 86 dOF 76 T L
: A 10 © e 100 50 62 100
CSH-11 Fresh 1 o 84 41 ;T8 77
. Aged 1 . 32 L. 8
o 10 82 4 60 106
M35-1 Fresh S0 g6 43 86 58~
L 92 45 C - 90 7
Aged -1 P86 - 415 “: 84 alr ) R
ao 10 su., 86 53.5 60 97
ICSV-112 Fresh 0.1 ~, 100 26 e 100 40
. N .. 100 40 e % wor T3
© Aged ' ‘ 1 - 1 100 25 94 78
10 98 38.5 7 %

The experiment was terminated after 117 h becavse radicles were becoming tangled.

By

o o v
&

The effect of matric suction on
seed-llquld contact area ©

The appearance of stained seed- llquld con-
tact area (SLCA) as affected by matric suction
is shown in Platel. The circular shape of the
stained area supports the assumptlon made that

orghum seeds are nearly spher1ca1 Thé SLCA
decreased as matric_suction increased: *'Stain
crystals/powder-remained undissolved at the -
highest suction. At this suction (10 kPa ),

SLCA;r were undefined smudges on seeds of
cultivar M35-1. Thus, the calculation of SLCA
could|not be undertaken for the cultivar.

TabléS shows seed to seed-liquid contact
area ratio as affected by matric suction for dif-

“ferent cultivars. Significantly (P=0.05) higher
ratios; were obtained at a matric suction of 0.1
compared to 1.kPa. At 1 kPa, respective SLCA
ratios for M35-1, CSH-9, CSH-11 and ICSV:
112 had- fallen ‘to only- 24;25,-33 and 30% of
the values obtained at 0.1 kPa. Between the
matric suction of 1 and 10 kPa, significant dif-
ferences (P=0.05) in'the ratio were obtained
only for cultivar CSH 11. Overall; the ratios
varied from 12 to 23. 1% at 0.1kPa; from 2.9

!

[

t0 6.9% at 1 kPa, and between 2.2 to 4.2 % at
10 kPa. Pairs of cultivars, M35-1 and CSH-9,
and CSH-11 and. ICSV-112 differed signifi-
cantly (P=0.05) in SLCA ratio at each suction.
Cultivar CSH-11 and ICSV-112 had larger ra-
tios than the other pair. The SLCA ratio for
CSH-11 and ICSV-112 at 10 kPa were even
larger than those for M35-1 and ICSV-112 at

the lower suction of 1 kPa. . ... —
" :.Water'uptake-after 7h'in cultivars CSH 9

and ICSV-112 which imbibed at the three ma-
tric 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.

Discussion

'. The start of germmatron was srgmﬁcantly
delayed by an increase in filter paper matric
suction for all cultivars for both fresh and aged
seed. The. slower pace of germination at greater
suctions was also evrdent from Tso. Smaller
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Table 2: Mean radlcle length (mm) after 86 h as affected.by cultlvar,,seed age and matric

suctlon

IS VIR SR LA Eoa
:Cultivar -+ - Seed age = -~ - Statistic' - . EMq’tﬁcﬂ'suélio’r’{ L - ,L_[-Mf:eriét-ﬁ‘ ratio
':s T o p e (high suction
: PR -»“,--:f Wtenou /low suction)
) 0 " (kPa) _ —; _ :"‘.{.‘.3_) _ (%2\ e
T o —-‘ T \:_‘_ 0.1 ror 1 ) i 10 PR ~
CSH-9 i+ Fresh 5S¢ mean [ ©7 35.8 - T
Tk iR se g 1.1 '
T £4 CV(%) . e 20 : de [T
N .o 48 . | SR
* Aged mean - . 392 .. 28.7 .73
o0 i 7 LN . -
se v 120 . 0.8 - Y
i ' . [ ¥ , ro. Ml 'e'- i+
- . CV(%) o n 20 y 20
CSH-11 1. Fresh 4 mean Foh - w358 - )
v . se [ »7 0.88 e
. oV 5 " ls . EIRR Aciad
- 22 L i B
"~ Aged _ mean - 35.1 24.9 va.
P Ay _:: se ] - 1 4 1 - 7 a
e o N C .
- - s = cv(%y - R 2 o
M35-1 “"TFresh™ 77 77 mean T390 27.9 - 70
1.5
32
34.8
13 .
23
37 )
4‘r . . 0-54: . . ‘:’ - 'x‘! . :i" r” i A i )
o :1"8" RIS BRI (. - PG ‘eu‘.' .‘.7-;
384 BLS L 82 e
oo h - L [ T X N
: e : . , ~ 0.82; s 0.66 ... ce e
N S A 40 ST L T
' oV T N - 5 D NN

All cultivars-had greater radicle lengths (p<0.001) d[ the smaller of each pair- of matric suctlons

Tsos were always associated with smaller ma-
tric suctions. Our results provnde no évideénce
that total germination (radicle emergence) was
reduced as matfic suction-incréased buit only
that the-fate of germmatlon was slgmhcdntly
reduced: However the fifial coleoptlle eitier-

gence percentdge was SIgnlhcantly reduced at
F{ E .

- . < e
K .
! N a .t

10- compared to' 1 kPa for Llll cultlvars except

ICSV-112. : f'i o o

. It is unlikely that-the, dllfferences in: matric
sqctron were-directly respon51ble for the differ-
ences. in germination ratg at such_low suctions:.
Under field. conditions, the 1natric:suction val-
ues used-(0.1, 1 and lOkPa) would correspond

~ LEA T
i e
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suctlon —

,f' 5 ML LT e g ’;’:;;“ :
Cltiver Seed 'age . Statistics _M'atﬁ'c"(" suction ~ 0 Ijeﬁ'g't'h‘ ,r}tiio__
o ) S, (high suctlon
~ L LT~ - —— — ——--—-—~/low suction) - :-
ST ey e @
o .0.1‘.."'_“. 1 10 .
CSH-9 Fresif} ‘ mean (; O o A' 11.9 — = ri:
< se 0.52
e SV 25
. Aged mean .- o :;)5__
se wir o,y 5.0.34
V(% 21 27
CSH-11 Fresh mean - 11.9 -
- T 1 : 0.55 e e s n
AN RPN ”C‘V(% P R T . 29’ 5T ‘_;)-—',“. '- \_ ;r‘“j:'fh Loel
] Aged mean ... - .o .. 120 _ . 'S4 T ws
se vl psl 0.24 T
o B CV(%) ——= -~ == ~=~-- —261’\' 24
M35-17 Fresh_'- T xheanf"" L2199 TTIUL13.6 TTUe— oo B .‘ -7 V;:
e, 08 0;0,:90 .
A CV(%) or 25 23 Ny
“Aged” mean "'l o - ©,,16.66 5.8 L 35 1. T
e se P 2 0.77 023 .-
PE, CV(%) ° 26 22 WIFS
ICSV-112 Fresh mean 4 207 ST I 77 Fr
e Y 067 10.57 ’
cvm 23 . P ERES o
mean - Ttgs 63 " 36 T
se - . .,io;és 025, .
D s evem e e e ;
All cultivirs had greater radicle length (p'<0.001), at the smaller- of each palr or matric suctrons st s 4

|

krPa) or wetter: Thus, the: observed effects are,
almost: certamly. due. to theceffect of matric suc-
tion on the contact area of the -water film be-
tween the seed and the ﬁlter~ paper Slmrlar ef-
fects are also., llkely to’ occur in the, s011 so that
these results mdrcate the combmed lmportance

|

of seed-soil contact and matrlc suctlon in ensur-,
ing fast germmatron root and shoot growth
The seed mmsture content at 50 %. germmanon
was not affected by the matric suctlon at wh1ch
the seeds 1mb1bed /ThlS shows that seeds must
reach a specrﬁc water content at germmatlon 1r-
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Table 4:

SEed:moistare’ content: (% Fresh wt: :) at T50 ‘anid’ timé t6'50%' germmatlon ‘as affécted
by matnc suction and cultlvar (Each value is a mean of five repllcates)

TS

. —
Cultlvar 3 Matric suction Y

“'m at Tso mean £-se (CV) Tso * ™~ Lot

i) (%) ®
ICSV- 112 (‘f;r) 0.1 31.48+1.8(7.3) 314+0.9 (6.8)

N m e 4 -e e s e =0 o= 03149°42.5 (10) 4240 (0)
GSH:9 - ——— — = --O:i;— e ee — = == 27.4840.8(5.2) —- T - -4240Q - - v ocIT T
10 i L 27.1741.3 (7.9) 5040 (@ '
LSD (p<0.05) £ 6.1 1.52
Seed moisture content at Tso, is based on all seeds {germinated and ungermindted).at. 50% germination.

’ s € ¢l [

Cultivar . Matric suction o .

Statistic 7
. - ‘

N

Table 5: Effect of filter paper matrlc suctlon and sorghum cultivar on seed to seed-liquid contact

~ ’F

area ratio (n = 10)

-3

a0

Cultivar Statistic. , . Matric suction
(kpa) L ;
0.1 1 ’ 10
CSH-9 mean ':0. %27‘“ - o.032%* 0.022% :
se "0.009 0.007 0.004
V(%) 21.6 40 46.4
CSH-11 mean *0.207%° 0.068% %+ 0.037*
P 0,014 0.005 0.006
CV(%) - - 14.7 242 33.9
M35-1 mean 0.12%* : 0.026*° S o
se B +0.009 0.003
CV(%) 24.8 w 215
ICSV-112 mean . 0231" b 0.069"° 0.042*°
e 0011 0.006 0.001
CV(%y 153 212 6.1

Multiple range test results (LSD) at p <0. 05.are grven The first letter compares between suctions for the same _cultivar, the,
second letter compares between cultivats at the same suction.Means sharing the same letter aré not significantly different. +\

respective of how fast they are allowed to im-
bibe. The above is in agreement with early
work by Hunter and Erickson (1952) in which
it was established that each crop species has to
attain a specific moisture content to germinate.

However the current study has ‘shown that cul-
t1vars from the same specles (ICSV -112 and,
CSH- 9) can have dltferent mo1sture contents at
gerrnmatlon ' B
g Th1s work has estabhshed a 11nk between
mathc’ suctlon ‘séed- hquld contact area and rate

of water uptake. Increased matric suction, re-
duced the water 1mb1b1ng surface on the seed
(SLCA) resultlng in decreased water uptake
rate. For example, fully 1m1nersed in water,

ICSV 112 seeds imbibed to a moisture content
of 27 % (fresh* ‘wt:)'in’7 hifAt 0:1kPa and o
filter pdper, ‘about-13h were: requlred and-at 10°
kPa 25 hours were needed to'imbibe to the
rn01sture contetit'of 27 %- Therefore), this’ must
be a contact area effect. Consequently, an 1n-
crease ‘in- matri¢- suction dé1ays the initiatioi* of -

\- ~ ‘-//
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germination and the attainment of Tso.

The rate of imbibition wasmot seen to be -
proportional’ to the seed 11qu1d 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 at all matric
suctions, lighter seeds, ICSV-112 and CSH-11
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 intrinsic to -

the seed since Dunbabin and Aitcheson (per-
sonal communication) found that Tso 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. Germmatlon 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 shorter time to reach their critical
water contents for germination. -Secondly, 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 inconclusive. Future work needs to
deal separately with these 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), the effect 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.

Conclusion
- LAY |

It cai 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 changes in the ma-
tric suction on filter paper even at the wet end
will-cause variations in germination rate and
therefore ought to be controlled in germination
tests if time to germination is to be- determined,
or germination tests separated in time and space
have to be compared.
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