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This study znvestzgated the effect of seedVigour on seedlmg response to soil mechanical- lmpedance
(MI) during establishment. Unaged ahd-artificially aged-pre-germinated seeds. were. planted in
compacted soil and in vermiculite for 8 days. Penetration resistance was-1.1 + 0.05 MPa in compacted
soil and 0.03 MPa in vermiculite filled cylinders. The test crop was sorghum cultivar 1GSV-112.

Treatments were replzcated six times in soil and five times in vermiculite. Parameters studied include
time to seedlzng emergence root and shoot growth Seedlings from aged seed took significantly longer
(122 hours) to emerge compared to those from high vigour seed (80 hours) but-only in compacted soil.

Emergence was szgmﬁ cantly,early in vermiculite where irrespective of.seed vigour, seedlings emerged
within 55 to-57 hours after plantmg Unaged seed had significantly more root mass but only in
compacted soil. Treatments had no effect on the number- of leaves per seedling: Other root and shoot
parameters were affected by MI but not seéd vzgour ‘We conclude that a combination of mechanical
impedance and low seed vzgour cause poor crop establishment. Establishment is-likely to be even
worse under hostile growmg condmons in the semi arid tropics where sowing of low vigour seed is
very common, and plantzng rains are. erratzc and hence moisture stress becomes an added problem
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f1ed by the env1ronment whrch governs the

Introduction _ ST
: o S : -ability of the seed to. produce a seedlmg rapidly

Different ‘séed lots passing thé viability test,
whilst all with acceptable and similar high
percentages of laboratory gerrnmatlon can

sometimes show considerable diffefences in
field emergence (Perry,1972). It has been
largely the absence of a consistent relation be-
tween germination in the laboratory and' emer-
gence in the field that- ‘has been Tesponsible for
the development of the concept of seéd vigour
(Powell and Matthews, 1979). The fundamental
requlrement of a seed lot is that the seeds ger-
minate and do so completely, the quicker the
better and the more’ unfavourable conditions
“under. which they can do this thé better (Wood-
stock '1969). Seed which satisfies_ these, criteria
has come to be termed lngh v1gour seed. Perry
(1972) defmed seed vigour as a physlologleal
property determmed by thé genotype and modi-

*Corresponding anthor PR

‘in a soil, and the-extent to which that seed toler-
ates a range of env1ronmental factors, Hart-
mann and Kester (1968) referred to the v1gour
phenomenon as seed vitality, or germinating
power which could be represented by the. ger-
‘mination rate.. According to. Hartmann and
-Kester in seeds of low v1ab111ty, a low. germr-
.are often assoaated A reductlon in seed v1ab11-
ity and vigour, may result from- rncomplete
seed development on the mother plant, injuries
during harvest, improper, processing and stor-
age, or ageing (Hartmann and Kester, 1968)
With long storage, -reduced viability is usually
preceded by a period of declining vitality
(Toole et al.; 1956). Seed deterioration leading
_to seed death is a gradual culminative process
and only when certaln crltlcal parts of the seed '
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are affected is there a loss in viability EWoodT:—" '

stock, 1969). Vigour therefore, starts to decline
before viability and seed lots with similar vi-
ability may differ remarkably in vigour.

Several studies have reported that aged- (low _f

vigour) seeds are more sensitive to stress fac-

was used-to moisten the growth' media. The nu-
trient solution was prepared using deionized
water. The:growth medium was packed into
. transparent perspex. cylinders 5 cm, internal. d1-
ameter and 30 cm high. A black polythene

‘ sheet completely covered each cylmder to ‘pre-

tors than unaged (high vigour) seeds during™ - ‘vent light-from-interfering” with-root growth

germination (Perry, 1970; Naylor, 1989;
Gurmu and Naylor, 1990). Water stress is fac-

tor that has been most commonly studred in
terms of its effect on germination phenomena in . -

relation to seed vigour (Bewley, and Black;
1982; Marshall and Naylor, 1984, 1985;
Gurmu, 1991). In the field, manifestation of
differences in vigour depend on the interaction -
between theseed and environmental factors.
Most often, several -of these factors suclh: as s011
strength; matric,suction and; temperature vary. -
simultaneously. Thus, dlfﬁculty arises.in deter-
mining ag to which: among these factors gerrm-
‘nating seeds could:be:responding to. Soil me-

chanical impedance and -water stress are the .

main stress factors influencing germmatlon of

seeds under traditional. agru,ulture in the semi- _ -

arid tropics (SAT). Recent studies (Naylor and
Guriniu, -1990) have shown that seed viguor in-
fluences the Téspoiise ‘of germination to water
"stress. On the other handy- -apart from general
statements in-the- literatiire! (that- aged seeds are
more’sensitive than unaged ORES to stiéss fac-
tors), we are not aware of any studies done to
determine how aged seeds respond to méchani-
cal 1mpedance The purpose of the present
study’was to test the hypothesis that during ger-
mination, seedlmgs from-aged seed respond to
mechanical impedance 1n thie sam€ manner as

those from unaged seed I L
. . rt . -; 30

Materials and ,me_thods';,-f]"
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Propertres and preparatlon’of
growth media ™ .~
¥ B AR n

-A sandy clay loam (Carpow Serles) top sorl
(0-10 cm) was used as an 1mpend1n% growth
medium.- The soil contained 21 g kg organic
matter and particle size distribution with 206 g
kel clay (um), 180 g kg’ silt, and 614 g kg™
sand (60-2000 um). Soil pH was 6.7. Control
plants were grown in vermiculite. A dilute nu-
trient solution as formulated by Hackett (1986)

The bottom of each cylinder was wrapped with
a.J-¢loth supported by a.wire .mesh held in
placeLby msulatmg tape w N
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Seed materlal

The sorghum seeds cult1var ICSV 112 was
supphed by the Internatlonal Crop Research In-
stitute for Semi - Ar1d Troplcs (ICRISAT) ‘Hy-
derabad, India.- Seeds whose weight fell within
a range of +1.s. d. of the mean (26 mg), weight

. WeTE. used in the study The .unaged seed had a

laboratory germination “of 100% ‘Aged seed
was obtained by, artificially agelng fresh seed
following the controlled deterloratlon (CD)
procedure (Matlrews 1980) The procedure
consists of laboratory germination which has
been preceded by periods of exposure to high
temperature at specified levels of seed moisture
content. Seed lots -‘with a low final germination
percentage after CD are said to be of low vig-
cour and identified- as of low plantmg and stor-
ing value (Naylor, 1989) In the ‘reported study,
seed samples were allowed to imbibe to a mois-
ture content of 0.21 gg ! then heat sealed in
aluminium foil packets followed by incubation
in a water bath at 45. C for 4 days. After the
ageing treatment, the low vigour.seed had, a
laboratory germrnatlon of 74%

Packmg of cylmders ‘

' Welghed a1r -dry soil of pre determlned

m01sture content was placed in a mixing bowl

and suff1c1ent nutrient solut10n was added to
brlng it to f1eld capacity (0. 22 g g 1 moisture
content, approx1mate1y 10 kPa matrlc suction)
as prev10us1y determined. Followmg thorough
mixing, the moist soil was 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>. To
obtain uniform soil strength throughout the cyl-
inder, packing was in 2 cm increments. Soil

~



“miaterial calculated to’ fill each 2 cm“height'in-
creient to thé des1red bulk densrty was
welghed and:packed A]l cylmders were packed
Weére loosely packed w1th vermlcullte IIlOlS-
{féhed with DutriedtSohition at 4-ratic’of 1 kg
vermiculite’to 2 litres.of solution’ prev1ously de-
termined to correspond to field capacity. Pene-
tration resistance (PR) was measured using-a
penetrometer The penetrometer 1 needle used
had a 2mm dlameter cone ‘with - a’ 30 sem1 angle
‘4nd % recessed shaft. Penetratlon resrstance was
measured in trralfsetups (cylmders packed 'to re-
qulred ‘bulk densities and molsture contents) to
get an mdlcatlon of what penetratlon res1stance
“the* roots and shoots would experrence In com-
pacted s011 penetratlon resistance (PR) was'1:1
! £40° 05 MPa at plantmg In verm1cu11te frlled
cylmders PR was 0. 03 MPa A
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Pregermlnatron of seeds e
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Seeds were pre germrnated on morst filter
paper and’a temperature'of 25° C "Excéss-seeds
-were- pre-germmated to énsure an adequate sup-
ply of germmated seeds at‘planting.” ‘Slow ger-
mmatmg aged seeds Were" -Started off earher i
‘the pre germmatlon process S0"-that seedlmgs
Swould be at the samie- stage as 'thosé froi fresh
‘seéds at plantrng Pre- germlnatlon trials had
been pertormed t6-detérmirie the time §chedule
nécessary 'to- AchiéVé this- objectrvel ‘At planting,
fresh and aged seeds had: been wetted for 41 °
and 63 hours respect1vely A

-

-Planting-procedure - oo

_.-At planting, radicle lengths were 6 mm on

average. Individual radicle lengths were meas- -

ured using vernier.callipers. ‘A small hole cor->

—respondrng to the length-of the radicle was” "‘Of datas - - -
made in the soil or vermiculite at the centre of

the ]cylind'er using a rigid wire:. The radicle was
lowered intorthe. hole and the seed résted on the
surface/ Loose. soil or vermiculite was: then
.covered over the seed to 3:cm depth.. Alayer: «lO

“mm of black polystyrene beads was placed: over )

-the growth media to'reduce evaporation.
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Environmentaliconditions ' < «%s
After plantmg, seeds were placed in a par-
tially controlléd envirofiment. A-fitnet automat-
1ca11y switched on lights at.7 am.and off at 7
2, m t0\s1mu1ate,a 12 hour photopenod Every

_other day,-control. cyllnders received, 20 ,Jul of

.nutrient solution.as theyrtended to dry out. very-
fast Oxygen concentration.in sorl was-18.1 Yo

_at planting t1me~wh1ch was adequate since 1t be-

:comes lrmrtmg at concentratrons ofy below 10%
(Grable and Slemer 1968) The oxygen con-
centration, was measured with a micro- -electrode
meter (type A 1302 Strathkelvm Instruments

'Glasgow) in air saturated solution. Ambient
growth room temperature was recorded using a
thermograph. A maximum-minimum ther-
mometer attached to-the thermometer cage
_served as a check. A digital thermocouple sen-
sor (type K) was used to-read temperature at
spec1ﬁed depths in the growth media. A fayour-
able temperature is a requirement.for; germina-
.tion. Optimum-temperatures for growth of sor-
ghum:are 27 %C to 30°.C (Amon,.1972). An air
.conditioner installed in the growth,room kept
temperatures below 27 . C when lights were
switchedon. - .. CLaEN ey
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Plant measurements %

a

Cyhnders were. mspected da11y for srgns of
emergence by temporarlly removing the’ Black
plastic sheet. After 8 days, cylinders were indi-
v1dua11y harvested to measure: root and shoot

R ‘lengths fresh” mass ‘ number of leaves iimber

of lateral roots thlckness of the main axis

" (measured 5 mm from the apex). A travellmg

m1cr0scope was | used to measure root thickness.

RN PN
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Experrmental layout and analysrs

.. There were (a) two seed vigour. categories,
unaged and artificially aged seeds and (b).two
.levels of mechanical impedance, “compacted
.soil and vermiculite.- Unaged and aged seeds
were . planted both in.soil and in-vermiculite.
Each treatment was replicated six times in soil
and. f1ve1t1mes in vermiculite. ,All statistical
-analyses ; were performed using-a computer soft-
ware-, Stat1graph1cs Version 5. from Statistical
Graphics Corporation, US.
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Results and Disussion.

Enyironmental conditions' .. .
= Da11y meéan temperature at p1ant1ng depth
ﬂuctuated betiween 24.6 °C and 29.2°C durmg
the study period: Overall, méan dally tempera-
‘ture was.26.6+0. 6C. Penétration resrstance
(PR) in compactéd soil 1ncreased‘ from 11+
“0.05 MPa at plarting to 1. 440 06- ‘MPa at har-
vest. In vermiculite, ‘PR wis still 0.03 MPa. At
harvest soil morsture contént had fallen to 0.19
gg ! from 0.22 gg (correspondmg to matric
suctions of 10 kPa and 22 kPa respectrvely)

Cog e

Seedling emergence

Time to emergence as affected by mechani-

cal impedance (MI) and seed vigour i§ pre-

sented in Table 1. Seedlings emerged signifi-
cantly earlier (P=0.05) from vermiculite than
from compacted soil.: The above was true both
for aged and unaged seed Averaged over vig-
“our categories, emergencé was after 101 and 56
hours from compacted. soil and from vermicu-
lite respectively. In’ vérmiculite, time to emer-
gence was not affected by seed vigour. Emer-
gence of seedlings from aged seeds and from
compacted soil, was significantly (P=0.05) de-
layed by 42 hours compared to seedhngs from
unaged seeds grown m verm1cu11te v

, . - [
' - RS

.1983; Masle, and Passioura, 1987; Sharp, 1990)
.was poss1bly mvolved The ~delay in emergence
_under MI. tor seedlings from aged seeds was
-1.8 days compared to seedlmgs from unaged
seeds. The 1mportance of havmg fast emerging
seedhngs ‘was demonstrated by'Wealch (1993)
ina hardsetting-soil using a maize-crop. -

Coae it

Shoot parameters G e

Flgure A- shows the shoot parameters as af-
fected by d1fferent treatments Seedlmgs had
:srgnrfrcantly (P= 0 05) longer shoots in ver-
,mrcuhte (13.8 cm) than in compacted sorl (5 9
cm) Seed vrgour had no slgmhcant effect on
shoot lengths under both levels. of MI. Srmr-
-larly, the number of leaves produced by seed-
Jlings was unaffected by any of the treatment
'_factors At harvest all seedhngs had three
leaves on the average Seedlmgs grown in ver-
miculite, accumulated significantly (P=0.05)
more fresh shoot mass (109.6 mg) than those
growing in compacted soil (64.9).
- . Significantly longer shoots in vermiculite
compared to those from cornpacted,soil might
have beén due to the significant difference in
the time to emergence. Shoot lengths for aged
seeds in vermiculite equalled those from its
unaged seeds. In addition, the number .of leaves
.produced by the seedlings was unaffected by
the treatments. Seedlings had three leaves at
harvest in all treatments including the control.
These features indicate that seed vigour may

. Tablel Tlme (h) to emergence as affected by mechamcal impedance and seed vrgour (values

: ...are: mean tse (CV%)) .. .

Secd type Impeded St Ummpeded Test of significance between
. S P e i . MI

Aged seed - 12175 4. 18.6 G7) 572 + 2(8) [ ‘ e e
Unaged seed 79.67 + 3.3 (10)° 55 4.0 (0% i

T

In each column, values sharing the same lettcr afe ot signiﬁcanlly different (P=0.'05) - |

v

Seedlings in compacted soil took signifi-
-cantly longer to emerge compared to those in
vermiculite despite the seed having been cov-
ered with loose ‘soil at their planting d_eptli-'of-
fering little more impedance to thé shoot than
the control. This ineans that MI fo the root’sys-
tem slowed down shoot growth prior’to enier-
gence. Root-shoot communication of the nature
reported by other workers (Dawkin ef dl.,

} N,
N

not affect subsequent plant growth after germi-
nation'and emergernce have occurred .This is
‘contrary to;the popular view (Perry, 1972) that
{the influence. of $éed v1gour may persist
ithroughout .the.life of the plant.’ A ‘chain of
events resulted in less shoot mass being accu-
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 accumulatcd ]ew mass by har-
vesting'time. :

.
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Figure 1: Means of shoot lengths (A), number of leavas (B), and shoot mass (C), as affected

by mechanical impedance and seed vigour
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The root parameters as aftected by. MI and
seed vi gour are shown in Frgure 2, in"Séedlings
growmg in verm1cu11te developed s1gmt1cantly
(P=0.05) longer roots. than those in compacted
soil: Roots-were 13 to 14 times longer in ver-
m1cu11te than in' soil. Averaged over seed vig-
our, root lengths were 1'4 and_19. 5 ¢ in soil
and in verm1cu11te respectlvely Seed v1gour
had-no s1gn1t1cant effect on root lengths neither
for seedlmgs growing soil ‘or in- vérmiculite.
The number of lateral’ roots produced 1n 'soil
were 12. to 14% of the numbers in control seed-
lings (Figure (B)). Averaged over seed-vigour,
seedlmgs had 10 and 42' laterals in compacted
soﬂ and in verm1cu11te respectlvely Seed v1g-
our had no srgmﬁcant effect on the number of
lateral roots developed by seedlings neither.in
§6iFnof-in ‘vermiculite, - AT,

Seedlings growing compacté’d"so‘il devel-
oped significantly (P=0.05) thicker radicles
than those in vermiculite (Figure 2 (C)). Radi-
cles were three times thicker in seedlings sub-
jected to mechanical impedance than those in
the control. Seed vigour had no significant (P=
0.05) effect on the thickness of radicles devel-
oped in the control or in seedlings subjected to
MI. o
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 root
mass was significantly greater (P=0.05) under
unimpeded compared to impeded conditions.
Compared with unimpeded roots, root mass un-
der MI was. only 16 and 23% for aged and
unaged seeds respectively.

/Tbe reduction in root growth and the num-
ber of l/aterals produced; including the increase
in root thickness under mechanical impedance,
have been reported also from other studies.
Studiés by Eavis (1967) on the effect of pene-
tratlon resistance on the morphology and
growth of pea radicle found that, (i) root length
was approx1mate1y inversely proportional to
penetration resistance and that (ii) the radicle
enlarged radially with increasing penetration
resistance. He associated the enlargement with
an increase in diameter.of the cortical cells.

Possible explapations as to why fewer lat-
eral roots were produced under MI include
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shorter; radicles on which only.a;small-number
of laterals could develop (Tsegaye and- Mullins,
1994) The overall consequence of- havmg
fewer 1aterals, vas a 51gn1f1cant reductron in
root mass. .- .- g R

* Roots-did not. extend beyond 2'cm in com-
pacted soili Under field- conditions;, seedling
growth and adequate water supply to roots
would.bé. drfﬁcult since the upper surface of the
soil is sub_]ect to fluctuations in.temperature.and
water supply. A" combination of water stress
and mechanical 1mpedance would normally re-
duce or prevent estabhshment o

Conclus1on R
Aged seed 51gmf1cantly delayed emergence
and especlally in seedlmgs sub_]ected to MI.
The accumulatlon of root.mass was ‘also signifi-
cantly reduced in the same treatmerits. A com-
binatioh of- MI and losw- v1gour seed is thus a
cause 0f poor’ crop estiblishinent. Estab-
lishment is likely to be even worse in the 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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