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ABSTRACT
A study was undertaken to： (a) the seed quality inassess
commercial and farmers planting seed, (b) monitor the
extent of seed ageing in storage and (c) investigate the
effect of length of time seed remain in soil before onset
of rains on establishment of maize (Zea mays (L) and
sorghum (Sorghum bi color (L).

Seed of three cultivars of maize (Staha, TMV-1, and Kito)
sorghum cultivar (Tegemeo) bought fromand wereone

Tanzania Seed Company (TANSEED), Morogoro branchz and from

farmers around Morogoro Municipality. The bought seed was
Initially,stored alongside TANSEED and farmer's seed.

seed samples from each lot and each farmerz were taken to
the laboratory for refrigeration to minimize ageing and

Acquired seed was initiallyhence to serve as control.
germination test to its qualitysubjected to assessa as

Germination test were conducted inplanting material.a
sandbox set at a matric suction of IkPa.a

The study on the effect of length of time seeds remain in
soil before the onset of rains establishmenton was
conducted both in glasshouse and in the field using high,
medium and low vigour seeds. High vigour seeds were the
fresh / imaged seed samples from the seed lots. Medium
and low vigour seeds were obtained by artificial ageing of 
fresh seed for 2 and 3 days respectively. Planting, both
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in the glasshouse and in the field was done at an interval

Watering was ・of 3 days z that is 0 r 3, 6, 9, 121 15 days.
the 15th day with equivalent of 20mm of rainfall.on an

Seeds from TANSEED had initial germination percentage
ranging from 93 to 100%, (maize) and 92 to 96% (sorghum)・
Seeds from farmers had gemination percentage varying from
64 to 99% (maize) and 8 to 65% (sorghum)・ Overall sorghum
seeds from TANSEED had relatively higher germination

Seeds from farmers hadcapacity than those from farmers.
high initial seed moisture content (SMC) than commercial

Sorghum had higher SMC than maize irrespective ofseed.
about 10 and 11% for maizeInitial SMCthe wassource ・

and sorghum respectively. At the end of the studyz SMC
had increased to an average of 12 and 14% for maize and
sorghum respectively.

Time to 50% germination (T50) increased with storage time
T50 values (in days) forfor seeds obtained from TANSEED.

2.2, (initially) , 2.4 (aftermaize cv St aha lot A were
month) and 2.7 after two months)・ Seeds from farmersone

showed no consistent trend.

In both field and glasshouse studies, sorghum seeds
emerged earlier than maize seeds. Sorghum seeds started
emerging 3 days after watering whereas for maize emergence

the 4th day.started on
The length of time seed remained in the soil (dry
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planting) had no effect percentage emergence in theon
glasshouse experiment. Under field conditions percentage
emergence decreased with the length of time seed remained
in soil before watering.

High vigour maize seeds had relatively higher proportion
of seeds which emerged than the other two vigour
categories. In sorghum, medium and low vigour seeds
performed better in terms of emergence than high vigour
seeds.

The average shoot length for maize 10 days after watering
varied from 157mm to 238mm and 90.7mm to 248mm for the
glasshouse and field experiments respectively. Sorghum
seedlings grown in the glasshouse had shoot lengthsmean
varying from 121mm to 172mm and the mean values recorded
in the field varied from 63mm to 101mm.
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CHAPTER ONE

1.0 INTRODUCTION -
The desired end in crop production and si1viculture is a
high yield of high quality produce. To this end a good
start is essential. A good start for plant populations
grown from seed implies rapid, uniform and complete
germination. The achievement of these ideals depends on

suitable environment for crop establishment and growtha
the genetic, physiological andhand, and onon one

seeds the otherof thephysical nature on
(Woodstock,1976)・

Agricultural production is the principle of wellsource
in African countriesbeing for eight out of ten persons

Frere (1982) estimated that 65% of(Mascarenhas 1982).
African population is actively engaged in agriculture

to more than 75% in 28 countries.rising

Crop establishment is a part of crop production system, it
is the foundation on which all other factors affecting
final crop yield dependent (Hookef 1987). Causes ofare
poor establishment are complex involving interaction of
seed, soilz climate, machinery management and soil flora
and fauna factors (Rwehumbiza, 1994).
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Most of the farmers in includingdeveloping countries
Tanzania, suffer the problem of poor establishment of
crops in the field leading to sub optimal plant stands,
this is one of the major drawback of crop production in
the Tropical and subtropical (Rwehumbiza/ 1987).areas

Agronomically, of the greatest hazards in agriculturalone
production is sowing seeds which do not have the capacity

abundant yield of the required cultivar.to produce an
Planting seeds which possess those physiological traits
for rapid, uniform emergence and optimum number of
maturing plants (high germinabi1ity and vigour) is one of
the surest ways of improving agricultural production
(Mashauri, 1993)・

developmentt harvesting, processing and storage leading to
viability and vigour loss of the seeds. This may be due

degradation of cellular systems and functions/to
including membranes, nucleic acids and cellular organelles
(ISTAZ 1987)・

Some of the consequences of seed deterioration are
reduction in field emergence and stand establishment #
retarded plant growth and reduced grain yield (Edje and

Decrease in seed planting quality has been attributed to 
genotypic factors and/or to deterioration during seed
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Burris, 1970; Heydecker, 1977； ISTAZ 1987 ). The effect

influenced by emergence is oneon stand establishment as
of the critical factors affecting grain production in
cereals (Roberts, Pollock and Roose z1972； 1972;
Heydecker, 1977).

Maize (Zea mays (L) and Sorghum (Sorghum bi color (L)
Moench) are both important crops in the semi arid tropics
(SAT)・ A number of studies have shown that their
successful establishment may be limited by poor
germination poor emergence due to high temperature zor
moisture stress and poor seed quality (Gurmu and Naylor,
1991).

Seed viability and vigour considered the majorare
components and the most widely accepted parameters for
assessing seed quality. Germination testing has become
the universally accepted method for determining seed
viability (ISTAZ 1985)・ Seeds placed into storage will
undergo natural ageing (Roberts/ 1972) during storage
time, that the vital systems and functions of the cell

progressively impaired until they becomemembranes are
incapable of supporting the resumption of growth.
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Unsatisfactory emergence and establishment may occur
because of a number of environmenta1 constraints. Example

moisture,of constraints include inadequate or excess
unfavourable pH, high temperaturesx soil-borne pathogensz

silt soilsz poorly prepared seedbedssoil crusting oron
deeper planting (Powellz 1988). The impact of these

and economically veryadverse conditions can be severe
Apart fromdamaging when low vigour seeds are planted.

ofdecline in the overall yield pooras a consequence
stand resulting from poor emergence (Hampton and Scottz

necessitatingfailure1982), occurrmayemergence
resowing, and this could mean a delay in harvest z resulting
in a fall in market prices and lower profits from the
harvest (Matthews and Powellz 1986).

As there is variability in vigour of individual seed
(high, medium, low vigour and dead seeds) in a seed lot#

expected. The laterate isvariability in emergence
competitive dis advant age andemerging seedlings are at a

result in weaker plants of doubtful survival untilmay
maturity (Tseng and Lin, 1962； Websterr 1966). The
surviving medium or low vigour seedlings will inevitably

variability in uniformity during plant growth andcause
development (Perry, 1980； Adegbuyi and Burrisf1989; Egli
et alz 1990; Te Krony and Egli, 1991). This can
potentially affect dry matter accumulation by plants and



5
thus potentially influence seed production.

Much research work has also been pursued in a quest of
assessing the effect of seed vigour on seed production.
Some research findings (Funk et al; 1962 Camargo and
Vaughanz 1973； Burris, 1975) indicate that vigour effects
may be carried over to influence grain yield. However,

whether the reduced yield is due to seed vigour effect per

is simply because of reduced plant population isorsez
showing thatevidenceThere is growingquestionable.

factorz there are negativewhen plant population is not a
grain yield (Johnson andeffects of seed vigour onor no

Wax, 1981； Adegbuyi and Burris, 1989)・ Factors such as
genotypic diversity, variability in vigour levels of the

andinteractions,environmentalused,lotsseed

Generally, loss of viability and seed vigour may result
from deterioration process involved during seed ageing
both pre and post-hairvest. Seed ageing is now considered

of reduced vigourz germination rate andmaj or causeas a
well delayedcapacity and fieldas emergenceas poor

establishment in species (Powell andmany crop
Matthews,1984)・

experimental techniques employed might be responsible for 
these conflicting seed vigour results.
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Planting be done during the dry condition or after thecan
first rain (s) when the soil is sufficiently moist. Dry­
planting is risky in the that seeds may deterioratesense
fast in the hot and humid soil conditions and thus may
establish poorly fail to germinate when rains finallyor

Planting after the first rains also has drawbacks.come ・
single rainfallDetermining the amount of water from a

event which would be sufficient for germination and
set of soil andof the seeds underemergence sown a

weather conditions is usually complex. Prolonged dry­
spells between rainfall events often lead to germination

death of emerging seedlings duefailure of sown seeds or
to water stress (Rwehumbizaz1994).

Because of erratic nature of rainfall in SAT, some farmers
practice dry planting. The seed placement is done a week

two before the onset of the rains. Some seeds Imbibeor
insufficient water and deteriorate. The seed vigour and
the duration seed remains in the soil are factors which

greatly affect crop establishment r hence the need tocan
be carefully studied. Seed can be of high vigourz but if
remains too long in the soil before the onset of the
rain, it will fail to germinate.
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1・1 PROBLEM STATEMENT
The problem of ensuring proper germination of planted seed
and subsequent establishment of seedlings is of general
importance in agriculture (Hillel/ 1972). On an
individual farm, establishment difficulties may represent

insignificant lossesfailure in onetotal season orcrop
part of the cropEstablishmentin another. as a

which all otheris a foundationproduction system, on
dependent (Hooke,factors affecting final crop yield are

1987)・

Low vigour seed succumb easily to adverse environmental
in the SAT including Tanzania. Theconditions common

vigour of the seed remains an establishment problem since
countries before seedthere is no vigour test in many­

sowing. Planting of low vigour seeds is still wide spread
in developing countries (ICR工SAT, 1990).

In Tanzania where the main source of seeds is the TANSEEDz
idealconditions (highand the storage notare

temperature, relative humidity and seed moisture content)
seed deterioration cannot be ruled out. Marketed seeds

-3 seasons and that may be toosometimes stored for 2are
long. This necessitate for the study of seed vigour as a
factor which may affect crop establishment.
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The duration the seed stay in the soil before onset ofcan
rains is another crucial factor affecting establishment.
There is no research that has been done to investigate the
duration for which dry planted seeds (low, medium and high
vigour) stay in the soil before the onset of rainscan
and still establish satisfactorily .

Timing of rainfall in the Semi Arid Tropical (SAT) is
erratic and its amount is highly variable from year to

major challengeThus deciding on when to plant is ayear.
Therefore this study was set up with theto the farmer.

following objectives:

1・ 2 OBJECTIVES

To determine the range of quality (vigour) of1.
planting material (maize & sorghum) from commercial

and farmers.

To assess the extent of (maize & sorghum) seed2 .
deterioration in storage.

investigate the effect of the length of3・ To time
seeds remains in the soil before onset of rains on
establi shment ・
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CHAPTER TWO

2.0 LITERATURE REVIEW

2 • 1 Seed
A seed is highly sophisticated, self contained livinga

As a successful performance of the seed issystem.
related to its quality, it is important that this quality

In order to maximise its chances ofbe preserved.
successful plant it needs to be treated withproducing a

care during production, harvesting/ processing and storage
(Mashauri z 1993)・

For many agricultural and horticultural crops # specified
recommended for maximising yieldplant populations are

and/ quality (Hampton and Coolbear# 1990). The firstor
prerequisite in achieving the above goal is the use of
seeds which possess those physiological traits for maximum
yield and/or quality of the required cultivar. However,

because of the interplay of many deteriorative factors
affecting the seeds, from the time of inception at
flowering of the parent plants until they germinate#

and establish in complex soil environment zemerge a
availability of such high quality seeds become amay
limiting factor.



10
2.1.1 Standard germination and field emergence

The main method for determining the planting value of
seeds and hence their value to producers z Is seed testing

Seed viability isfor various aspects of seed quality.
considered the major component and most widely accepted
parameter for assessing seed quality and germination
testing has become the universal method for determining
seed viability (ISTAZ 1987). The test reports the
percentage of normal seedlings, abnormal seedlings which

probably produced from those seeds close to deathare
(Robertsz 1986) , and dead or ungerminated seeds in the

results less than acceptableGerminationseed lots.
standard, for example < 90% for cereals usually indicate
deterioration (Hampton and Coolbearr 1990).

There is often a good correlation between germination test
results and field emergence under favourable conditions
(Thompsonz 1979； Roberts, 1984； Bekendam et al, 1987). A
study by Bekendam et al (1987) showed that aged and unaged
seed lots of maize had similar performance in the standard

and that during favourable fieldgermination test,
conditions, the germination capacity showed the highest
correlation with field emergence.
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Under unf avourable conditions, howevere, the standard
germination test often over-estimates the actual field
performance of the seeds (Hampton and Coolbear, 1990).
Bekendam et al (1987) demonstrated that although the
standard germination results of both aged and unaged seeds

similar, aged seeds performed poorly in the cold testwere
and conductivity test and emerged poorly in the field.
Additionally, the cold test and conductivity test results
showed higher correlation with field emergence than the
standard germination.

be attributed to two factors :The above observation can
(a) the standard germination test is not sensitive enough
to distinguish small but important differences in the

deterioration process and (b) that in theageing or
physical propertiessoilthegermination test

(temperaturez water potential and strength) and biotic
factors (insect pests and microorganisms) eitherare

optimised. In the field, the physical andexcluded or
biotic factors are rarely completely optimal, and can
reduce the level of field emergence and establishment to
below that predicted by the standard germination test ・
Whereas the germination test the maximumassesses
percentage of seed which can potentially germinatezsown

and establish^ the actual fieldemerge emergence
essentially depends the prevailing environmenta1on
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There will thus be differences in the fieldconditions.

emergence between high germinating seed lots of the same
in seed vigour (Hampton andcultivar due to differences

Scott, 1982; ISTAZ 1987).

The problem of ensuring proper germination of planted seed
and subsequent establishment of seedlings is of general
importance in agriculture (Hillelr 1972). On an
individual farm, establishment difficulties may represent

insignificant lossesfailure in onetotal crop season or
in another.

part of crop production system, itCrop establishment is a
which all other factors affectingis the foundation on
dependent (Hooke,1987). Causes offinal crop yield are

poor

and fauna factors (Rwehumbiza,1994).

Crop establishment is sequential process of germinationz
emergency and seedling growth, consequently many factors
interact in a complex way to determine the final field
establishment (Hookez 1987).

Germination invoIves complex sequence of biochemical/a
physiological and morphological changes in which certain

establishment are complex involving interaction of 
seed, soilz climatez machinery management and soil flora
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stages can be recognised. The first stage begins with the
imbibition of water by the dry seed, the softening of the
seed coverings and the hydration of protoplasm. The
second stage begins with the initiation of cellular
activities and includes the appearance of specific enzymes
and a rise in respiration rate (Hartmann and Kester,
1968)・

Cell elongation and emergence of the radical are events
associated with the onset of germination. After the
embryo has emerged from the seed coat germination is

However, the radical end of theconsidered complete.
hypocotyl and the plumule end of the hypogeal seedling
must continue to develop, proliferate in the soil and
emerge above the soil surface respectively. Both centres

longer protected by seed coat andof growth are no now
into contact with the soil environment (Trousezcome

1971).

2.1.2 Seed vigour
Seed vigour has been defined as those properties of a seed
lot which determines its potential to rapidly produce a
uniform and healthy plant stand under a wide ofrange
field conditions (AOSA, 1983). Seed vigour may be viewed

potential of a seed lot to germinate, emerge rapidlyas a
store well under less than optimal environmentalor
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conditions (Hampton and Coolbearz 1990). Maximum seed
quality occurs at mass maturity, when maximum seed dry­
weight is attained, after which vigour and viability can
deteriorate both pre- and post-harvest.

Loss of vigour may result from a matrix of inter-related
deteriorative processes involved with seed ageingr which

of initialbe viewed as an inevitable consequencesmay
As deterioration increasesr bothmembrane deterioration.

field emergence and storability decreases (Delouche and
Baskinz 1973). Additionally seed lots will exhibit ageing
symptoms including the slow rate of germination and
emergencer poor seedling growthr decrease tolerance to sub
optimal conditions, and enhanced solute leakage.

are

effects on membrane integrity. They include genetic
environmental conditions during seedconstitutionz

development/ tolerance/ susceptibility to mechanical or
heat damage during harvesting, drying and cleaning#
storage conditions and pathogens.

There are distinct though interacting factors which 
considered to influence vigour potential through their
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2.1.3 Vigour assessments and their relationship with

field emergence
Seed lots passing the viability test, whilst all of
acceptable and similar high levels of laboratory
germination can sometimes show considerable differences in

It has been largely thefield (Perry, 1972).emergence
absence of a consistent relation between germination in

the field which has beenthe laboratory and emergence in
responsible for the development of the concept of seed
vigour (Powell and Matthews, 1978).

The differences in field emergence between seed lots which
of similarthe standard germination test indicates are

sensitive differentialquality, obviously require a more
of potential seed performance to be able to predict field

models frequently used by agriculture engineers and
agronomists (Wood, 1972), this method is over complicated
and unreliable as such simulation models require accurate
information on the environmental conditions in the field
(that are often variable# and hence unpredictable) and on

of the seed lots to the environmentalthe response
variables.

emergence and establishment with more accuracy. Although 
this can in theory be achieved by predictive simulation
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Seed vigour testing has become very important because it

often provide a better estimation of field emergencecan
under stress conditions than the results of standard
germination tests (Te Krony and Egliz 1977; Johnson and
Wax, 1978； AOSA, 1983;工STA, 1987； Hampton and Coolbearr
1990)・

A variety of seed vigour test have been developed and AOSA
(1983) categorised them (i) seedling growth andas；
evaluation tests (seedling growth and speed of

(ii) (cold test andgermination ), testsstress
accelerated ageing ) (iii) biochemical tests (conductivity
test and respiration ).

2.1.4 Factors influencing seed vigour
Major factors which the International Seed Testing
Association (ISTA) consider may cause variation in vigour

summarized by Perry (1980) and recently updated bywere
Harty et a.1, (1987) as :
(i) genetic constitution (ii) environmental and nutrition
of the mother plant (iii) stage of maturity at harvest
(iv)seed size, weight, specific gravity (v) mechanicalor
integrity (vi) deterioration and ageing (vii) pathogens.
Thus a reduction in seed viability and seed vigourz may
result from incomplete seed deve1opment on the mother
plant, injuries during harvest, improper processing and
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storage, or ageing (Hartmann and Kester, 1968). With long
storage, reduced viability is usually preceded by a period
of declining vitality (Toole et al 1956).

The planted seeds the end product of several steps.are
These include growing in the seed production fields,
harvesting, processing, and storage (Justice and Bass,
1978)・ The conditions and practices the seeds encounter
in these processes have their ultimate test when the seeds

planted in complex environment of the soil.are

Soil moisture levels from insufficient for seedrange
germination and development to water saturated soil which

soaking injury. Water logged soils may alsocan cause
inhibit germination andoxygen deficiency that cancause

seedling elongation.

A combination of decreased soil temperature and soil
moisture content and an increased planting depth, can be
critical to successful seedling emergence (Chopra and
Chaudhary, 1981)・ This can reduce emergence ratef making
the seeds more prone to soil pathogen attack causing a
decrease in total emergence. The pH in agricultural soils

matter,
differ greatly, and this too may affect germination (Cal

normally varies from 3 to 8 while the levels of organic 
amount of various ions and. soil texture also
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and Obendorf z 1972； Etherington, 1978; Harmanr 1983).

Maximum germination and seedling growth rates for most
in pH ranging from 4 to 7 (Justicekinds of seeds occur

Soil compaction restrictsand Reece, 1954； ISTAZ 1985).
penetration and growth of the root system and also shoot

This opposing force increasesgrowth prior to emergence.
with decreasing pore diameter in the soil, levels of
organic matter and water content (Currie, 1984). Without
adequate vigour the elongating root experiences resistance

fails to penetrate compacted soils.or

The greatest barrier to shoot elongation is surfacea
crust, formed when unstable soil, often with too finea

drying (Arndt,tilth, slakes on wetting and hardens on
Throughout this range of soil2.965a,b; Currie, 1984)・

conditions there are numerous insects and about 1500 types
of microorganisms and virus that can survive and adversely
affect the germinating seed (Agarwal and Sinclair, 1987)・

The uncertainty of environment a1 condition demands that
the seed farmers must plant seeds of high vigour because
the subsequent performance of seeds under adverse
conditions usually hinges the ability of the seeds toon
survive the wide range of environmental conditions.
However, there are many factors which are considered to
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influence vigour. These be categorised geneticcan as
effects, environmental condition during seed development,
harvesting and processing techniques, pathogens and
deterioration during storage (Ching and Cronstad, 1972 ；
Burris, 1977; Bulisan and Warner, 1980； ISTAZ1987； Bdliya
and Burrisz 1988； Mashauri et al, 1992). These factors

all be linked to seed ageing, due to the damagecan
inflicted to the structural integrity of cell membranes
during seed developmentz drying, handling and storage.

2.1.5 Seed storage and deterioration
2•1•5•1 General aspects of seed storage
Generally the longevity of seeds in store is influenced
by environmental temperaturez moisture content of the seed
and oxygen pressure (Robertsz 1972)・ Other factors
include crop species and initial quality of the seed
(Egli, et al, 1978).

In the majority of cases the lower the temperature and the
lower the moisture content the longer the viability； while
high oxygen pressure would shorten the period of viability
(Roberts, 1972).

Considering seed moisture content and storage temperature,
Harrington (1963) points out two rules of thumb for seed
viability in store. With the exception of extreme
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conditions, for each percent decrease in moistureone
content and for every 5°C decrease in temperature, storage
life is doubled. Oxygen pressure is not taken to be a
seriously limiting problem probably because it cannot be
easily alleviated in stores. It is generally accepted,
however, that increase in oxygen tend to decrease the
period of viability. Extreme storage conditions can be
generalized for most crops. According to Roberts (1972)
freezing injury will at very low temperatures ifoccur
seeds are very moist, but many species will store better

low as -20°C provided the moistureat temperatures as
content is not high enough for freezing injury. Thus seed

role in seedmajorto playmoisture content aseems
far greater role than storagestorage, probably ora

ambient temperature.

Douglas (1983) categorises storage responses to moisture
content as follows:-

Germination occursMoisture content above 40-60% :
Moisture content above 12-14% : Mould grows on and in

the seed
Moisture content above 10-12% : Fumigants may hurt

germination
Moisture content above 8-9% : Sealed storage is

unsafe
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Thus it would be most desirable to store seeds at moisture
contents less than 10%. Too dry conditionsr howeverf may
also reduce seed longevity, through extreme desiccation
(Roberts, 1972).

2.1.5•2 Importance of storage
The concept of storage enables agronomists and farmers to
select seeds of good quality for both germination and
storage longevity. A seed lot with high storability has
seeds of high vigour and hence high germinabi 1 i ty
capacity. The latter predicts the field establishment and
performance of seeds (AOSA, 1983; Humpton and Coolbear,
1990)・

Storage knowledge helps to alleviate the unnecessary
deteriorative factors during storage through controlled
temperaturez moisture, relative humidity and alterating
weather conditions for long time storage of seeds. It is

"for each 5° C increase incautioned that, seed
temperaturez the life of the seed is halved.11 Like wise,
for each 1% increase in seed moisture content the life of
the seed is halved (Harrington, 1963). As moisture
content increasesr storage fungi and insects are able to

seed and destroy its capacity to germinate (FA。,ongrow
1983)・
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2•1•5•3 Seed deterioration
Deterioration or ageing is an inherent biological process

Delouche and Baskin (1973) suggest
that any consideration for storability of seed must
encompass this complex process which begins soon after the
seed has attained physiological maturity； and proceeds

Loss of capacity tothroughout the life of the seed.
seedgerminate is about the last thing that happens as

deteriorates r and usually preceded by decrease in
germination rate and increase in seedling abnormalities.
Deterioration would occur at whatever condition, and is
speeded up by increased temperature and moisture content.

to be recognised as a major ofSeed ageing has causecome
Ageing involves thereduced vigour in many species.

accumulation of degenerative changes until eventually the
ability to germinate is lost. Maximum seed quality occurs

after which vigour andat physiological maturityz
viability decline both before and after harvest (Delouche,
1980; Powell and Matthewsr 1984) . The existence of vigour
differences among crop seed lots is a natural consequence
of the way population of the seed die (Matthewsf 1980) z
and is a reflection of production history of each lot.
Quantification of the physiological age of a seed becan
achieved by artificially ageing seed lots and analysing
the serial germination tests to infer the value of the

in any seed in store.
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seed lot constant； Ki, of the viability equation (Ellis
and Roberts, 1980).

attempt to find of slowing down seedIn an means
deterioration ageing, scientists have sought toor
understand the mechanism of ageing. Many agree that many
physical cytological, physiological and biochemicalor

seed deteriorates during storage (Eglizchanges occur as
et al, 1978).

Various methods have been devised to measure the extent of
seed deterioration. Among them include controlled
deterioration and accelerated ageing which alsoare
standard vigour tests (Delouche and Baskin,1973; Matthews
and Powell, 1987). Both methods are similar in principle,

Controlled deterioration differs from accelerated ageing
essentially in that the former involves raising the
initial seeds moisture content to the same level for all
lots prior to the period of deterioration. In accelerated
ageingz seed gain moisture (at 100% RH) during the initial
period of ageing (Matthews and Powellz 1987) allowing
different rates of moisture gain between lots.

they involve incubating seeds at high relative humidity at 
elevated temperature (usually 45°C) for a period of time.
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2.1.5.4 Deterioration of seeds during storage
The duration seed are kept in storage (post harvest) until
when taken up for sowing is referred to "storage time. 11as
It has been scientifically proven that； seeds placed in
store will undergo natural ageing (Berjak and Villier,
1970; Roberts, 1972, 1983).

Vital systems and functions of the cell membrane z
organellesz nuclear materials and biochemical mechanisms
that control the physiological processes involved in the
resumption of growth is progressively impaired until they
become incapable of supporting the resumption of growth

Alternatively, microorganisms (storage(AOSA, 1983)・
infest the seeds during storage zfungi in particular) can

and are also responsible for spoilage of seed quality
1974)・ Temperature and(Christensen and Kaufmann,

relative humidity (RH), both influence the rate at which
the seed will deteriorate and also control the activity of

The higher the seed moisture contentmicroorgani sms.
the higher theand(SMC) temperaturesstorage

deterioration rate. Similarly,if the seeds are physically
if storage pathogens (fungi,mechanically damaged, oror

insects and mite) invade# seed quality loss may occur
substantially and very quickly (Neergaardf 1977; Roberts,
1983； Agarwal and Sinclair/ 1987； Mashauri, 1991).
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Low SMC and temperature prolong seed storage life. Recent
studies (Williams and Leopold, 1989； Bruni and Leopoldr
1991, 1992a, 1992b) have shown that the cytoplasm of
several seed species including maize and sorghum is in a
glass state at low SMC and temperature storage. A glass
is a liquid of high viscosity such that it stops or slows
down all chemical reactions requiring molecular diffusion,

prevents damaging interactions between celland so
components and thus assure quiescence and stability over

1985; Burke z 1986; Bruni and Leopoldrtime (Franks,
Although dry and cold storage conditions1992b)・ can

increase storage life of seeds, the optimum SMC and
subj ect of an ongoing debatestilltemperature are a

(Ellis et al. t 1990, 1991； Vertucci and Ross, 1990, 1991)・
also be detrimental toToo low SMC and temperatures can

the seeds. cause

be removed (Aksenow et al. z 1977). Bruni and Leopold,
suggested that low(1992b) SMCtoo may­ cause

crystallisation in the sugar matrix which in turn may
irreversible damage.perturb membranes z bringing Thean

poor storage performance observed at extremely low SMC
(Ellis et al. , 1990； Vertucci and Ross, 1990) could
therefore be related to this event ・ At low temperature
(5°C and below) although insects become inactive some

suchmicroorganisms group members of Fusarium,as

Too low moisture content would 
structural alteration as the intercellular bound water can
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Aspergillus, Penicillium species can continue to degrade
the seeds (Christensen and Kaufmann-, 1974 ； Neergaardz
1977； Mashauriz 1991).

2.1.6 The physiology of seed deterioration
Loss of viability and vigour may result from deterioration
process involved during seed ageingz both pre- and post

a majorharvest, and seed ageing is now considered as
of reduced vigour in many species (Delouche/ 1980；cause

Powell et al, 1984).

Aged seeds exhibit various forms of physiological changes
of how far ageing has progressed.which are the measures
reduced rates of emergence andThese are reflected as

growth and decreased tolerance to suboptimal conditions
(Robertsz 1972, 1983). These symptoms may or may not

single sample of seeds andat one time in someaappear
peculiar to seeds of certain species of plants or oneare

Reduction in seedling growthzconditions.set of ageing
accompanies loss offor example which either precedes or

germinability, does not necessarily occur in every case of
Anderson# (1970) suggested thatseed deterioration・

ge rmi nab i1i ty and seedling growth, although closely
regulated by different mechanisms whichrelatedj are seem

to operate independently during deterioration. Often the
time which marks the first detectable loss of vigour or
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viability does not coincide with the actual beginning of
biochemical changes deteriorationassociated with
(Harrington, 1973).

At a cellular levelz there several biochemical changesare
that can cause or contribute to seed deterioration. These

include； changes in membrane composition andmay
integrityz enzyme changes t damage to protein and RNA
synthesis, genetic damage z hormonal changes and
accumulation of toxic metabolites (Abdul-Baki/ 1980 ；
Blowers et al. z 1980 ； Woodstock et a.1. z 1984 ； Dourado and
Roberts, 1984； Francis and Coolbear, 1987； Priestly,

to assume that any criticalThere is no1986). reason
type of physiological damage in any specie under givenor
set of ageing conditions may be very important in another

Probably it is bestset of ageing conditions.species or
to regard all these mechanisms as a component of
inter-related events of which the relative importance may
depend on the exact conditions of the seeds both pre- and
post harvest (Priestly, 1986； Coolbearz 1990)

2.1.7 Seed factors limiting crop establishment
2.1.7.1 Seed quality
Seed factors acting alone or in combination with soil z
biotic, climatic and management factors, implicatedare
with establishment problems (Rwehumbiza, 1994).
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Good quality seed has the following characteristics:
It is genetically true to species or cultivarz it has a
capacity for high germination, it is free from diseases
and insects and it is free from mixture with other crop

weed seeds and inert and extraneous materialseeds,
(Hartmann and Kester, 1968)・ Seed testing provides
information to meet legal standards determines seed
quality and establishes the rate of sowing for givena
stand of seedlings.

2•1•7.2 Seed viability
The germination test expresses the number of seedlings
which can be produced by a given number of seed under

. The procedure is rathertest conditions.optimum
does not simulate the actualarbitrary and in many cases

environment so that it might often fail to predict field
performance (Hesiehurst and MacDonald, 1987; Isely, 1958).
The artificial conditions provided in the laboratory and

(green houses) are different from realexperimental areas
situation in the field. Crop establishment losses could
be reduced by using 11 better quality" seed； measured byas
standard germination test. Blacket (1987) suggest two
germination checks to be undertaken, one after harvest and
prior to seed grading or treatment and second prior to

He bases his suggestionplanting. on well established
facts that seeds deteriorate various ofat stage
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processing. Blacket lists the major of seedcauses
deterioration (i) weather damage ,(ii) seed stored atas
high moisture, resulting heatingin and rapid
deterioration (iii) seed stored in hot sealed and
unaerated silos (iv) insect and fungal damage during
storage (v) seed "cooked" during grain drying and (vi)
old age.

2.1.7.3 Seed vigour
It has been largely the absence of a consistent relation
between germination in the laboratory and emergence in the
field which has been responsible for the deve 1 opment of
the concept of seed vigour (Powell and Matthews, 1978).
Since vigour testing is not yet a routine practice in many
countries, that establishment problems emanatingmeans
from sowing low vigour seeds will remain for the fore
seeable future even in developed countries (Harty et al.
1987)・

2.1.8 The time seed remains In soil before onset of rains
be done during dry condition or after thePlanting can

first rains when the soil is sufficiently moist. Some
farmers do practice dry planting because of erratic nature
of rains in the rainfed agriculture. Soils which become
very sticky after heavy rains encourage farmers to dry­
plant ・
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According to Manning (1956) sowing should be done as early

possible at the beginning even before the break ofas or
rains in order that full benefits can be obtained from the
rains during the crucial stages of growth.

how long the seeds can stay in the soilDeciding on
without deterioration to the onset of the rains is aup

In semi arid traditionalmajor challenge to the farmer.
agriculture, sowing is very often done before the rains#
and seed may lie in the ground for periods from a few days

result orThe seed may deteriorate asto several weeks ・ a
be lost through pests, birds and rodents (Doggetr 1988).
Proper germination of planted seeds and establishment of

important in agriculture because theyseedlings are
determine density of standz influence the degree of weed
infestation and in extreme situations limit yield (Hillelz

Sown seeds must imbibe enough water to initiate1972).
germination. Similarly, seedling roots must absorb enough
water to satisfy the seedlings needs for growth and

Successful germination of seeds requiresdevelopment ・
adequate supply of water and seed must absorb water at a
sufficiently rapid rate reach their criticalto
germination water content before the effect of other
environmental stresses, ( drying of the soil fungalor
attack) prevent germination (So, 1987).
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Stored seeds of different type vary in their air-dry
moisture content. (1971)• found thatTrouse many
agriculturally important seeds carrying viable, dormant
plant embryos contain about 7 to 12 percent moisture. The
water potential of air-dry seed is frequently below -50
MPa (Black, 1968). Thus, the soil water content need not
be very high for imbibition to take place. All the same,
there is evidence (Hunter and Erickson, 1952) that a
certain minimum amount of water determined by seed species
must be imbibed before germination is reinitiated.
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CHAPTER THREE

3.0 MATERIALS AND METHODS

The work reported in this dissertation was divided into
(a) Assessment of seed quality intwo main studies:

commercial and farmers planting seed including monitoring
of the extent of seed ageing in storage and (b) The study
of the effect of length of time seeds remain in soil

establishment of maize andbefore onset of rains on
sorghum.

carried out first r in the glasshouseThe second study was
Some of the materialsand later under field conditions.

and methods used were common to all studies and are thus
described under general materials or methods.

3 .1 General materials
Seeds of both maize and sorghum； and soil were the main

Detailed descriptions ofmaterials used in this study.
both seed and soil given later in appropriateare
sections ・
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3.2 General methods
3.2.1 Seed and seed source
Seeds of three varieties of maize (Stahaz TMV-1r and Kito)

sorghum variety (Tegemeo) bought fromand one were
Tanzania Seed Company (TANSEED), Morogoro branch and from
farmers in the rural around Morogoro.areas

3.2.2 Germination test
germinationinitially subjected toAcquired seed awas

planting material・its qualitytotest as aassess
Germination tests were conducted in a sandbox set at a

germinated on top ofmatric suction of IkPa. Seeds were
sand which was divided intoblotting paper placed ona

pencil mark to separate replications.four grids with a
designed such that each seed typeThe layout waswas

Seeds onwere
Germination was considered complete when the radicle

about 4mm long.emerged from the seed and was

3.2.3 Seed moisture content (SMC)
Seed moisture content z was determined each time seed was
acquired and after every sampling using the MOTOMCO
moisture meter (manufactured by DICKEY-John corporation
PATERSON z NEW CTERSEY)・

replicated four times and each replicate had 100 seeds. 
covered on top with another blotter.
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The procedure involved placing 250g of seeds in the
machine along with a thermometer. The reading obtained

applied to a calibration chart to read the percentagewas
seed moisture content. The correction for temperature was
applied to obtain the correct SMC in percentage. The
exercise was repeated three time for each sample then the
average was computed.

3.2.4 Data collection
day after starting theData collection started a

continued for days ・germination andtest seven
Germination countz time to 50% germination and germination
rate were the main parameters assessed in the study. Data
on germination was recorded after every twenty four hours.

Experiment No. 1: The study of the extent of seed3
ageing in storage.

3.3.1 Storage and sampling techniques
Where available, seeds from each cultivar (cv) were

different lotsfrom seed andobtained farmers
The bought seedsrespectively. stored alongsidewere

TANSEED and farmers seeds in their stores. Initially,
seed samples from each lot were taken to the laboratory
for refrigeration to minimize ageing. Refrigeration
allowed the quantification of any deterioration in natural
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Every month for 3 months z seed samplesstorage. were

described in section 3.2.2taken for germination tests as

3.3.2 Data collection and management
Data similar to that in section 3.2.4 was collected and
entered into a spreadsheet (Lotus, 1-2-3) from which

produced.graphs were
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Table 3 .1 Seed and seed source

lot/£armer%scultivar (crop) namesource

Kito (maize) ATANSEED

Kito (maize) B

Kito (maize) C

Staha (maize) A

Staha (maize) B

Staha (maize) C

TMV-1 (maize) A

TMV-1 (maize) B

TMV-1 (maize) C

Tegetneo (sorghum) A

Tegemeo (sorghum) B

Tegemeo (sorghum) C

FARMERS

MilandoStaha

MahavaStaha

MahundumlaStaha

ShijaKito

Kito Dongo

OmaryTMV-1

SaleheTegemeo

ShijaTegemeo
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3.4 Experiment No. 2 • The effect of length of time seeds
remain in soil before the onset of rains on
establishment of maize and sorghum.

the survival ofThe experiment designed to assesswas
high, medium, and low vigour seed categories with respect
to length of the time seed remained in soil before the
onset of rains on establishment.

3.4.1 Glasshouse experiment
seeds in soilThe glasshouse study involved planting

Seeds were sown in an air dry soil (withcolumns. an
initial soil moisture content of 7.4% ).

randomly sampled from theThe soil used in the study was
later conducted. Thesite where the field experiment was

soil was broken into small aggregates to remove the big
clods and some big roots.

3.4.2 Packing of the soil columns
Soil columns were cylindrical PVC pipes of 20cm length,
and 10 ・ 5cm internal diameter. The weight of the soil

bulk density of 1. lg/cm3 in the PVC pipespacked to a was
calculated using the following formula:
Mass of soil =Bulk density of soil x Volume of soil
column
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In order to have that bulk density each soil column was
packed with an average of 1.5kg of soil (this includes the
percentage soil moisture content z that is 7.4% of the
required soil weight)・ The soil columns were placed on
the platform in the glasshouse and arranged as described
in the layout (Appendix 3.1). The soil columns were
labelled indicating length of time seeds remained in soil

and vigour of the seeds.before onset of rains

3.4.3 Seeds
St ahaThe seeds used in this experiment maizewere cv

Tegemeo (lot c). Medium and low(lot b) and sorghum cv
vigour seeds were obtained by artificially ageing (that is
1 and 2 days for maize and 2 and 3 days for sorghum).

Seeds were
(experiment one) and significantfoundlots no

differences in germination percentage. The target was to
obtain medium and low vigour seed categories ・ Seed ageing

by the controlled deterioration (CD) method (Matthews,was
1980)・ Two main steps were involved：

(i) Increasing seed moisture content.
10.8 and 11.5% for maize and sorghumThe initial SMC was

respectively which was increased to 21%. Seed moisture

3.4.3.1 Artificial ageing of seeds
artificially aged after testing different seed
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increased by placing weighed samples of eachcontent was

variety in open petri dishes containing moist seeds and
covered with moist filter Seeds were allowed topapers.
imbibe water to predetermined moisture content (mf). The
approach to required moisture content checked bywas
frequent weighing. The required seed weight (sf) was
calculated using the following equation：

Si [ ( 1 + mf) / ( 1 +mi)]Sf
final seed weight after imbibition (at mf )where, Sf
initial seed weight (at mi )Si
initial seed moisture content (dry weight )mi

g/g
final seed moisture content (aftermf

imbibition) g/g

(ii) The deterioration process
The partially imbibed seed samples were heat sealed in

aluminium foil packets and stored in a refrigerator for 24
distribution of moisture.hours to Theensure an even

sealed packets were then incubated in a water bath at 45°C.
The incubation period varied from 1 to 3 days. The aged
seeds were germinated to obtain the germination percentage
which allowed for selection of medium and low vigour
categories (Table 3.3)



40
3.4.4 Planting
Packing of soil was designed such that 5cm and 3cm of the
soil column for maize and sorghum respectively was left to
be filled after sowing to account for the predetermined
planting depth. Planting was done at an interval of 3
days, that is 0, 3, 6, 9, 12, and 15. Planting depth was
5cm and 3cm for maize and sorghum respectively. A total

On day 15,of 5 seeds were planted in each soil column.
all soil columns were watered with 20mm equivalent of rain
which was equivalent to 173ml per soil column. The

First,watering was done in instalment to avoid overflow.
applied and the remaining 73ml applied100ml waswas

after one hour.

3.4.5 Environmental conditions in the glasshouse
Temperature and evapotranspirat ion in glasshouse were
monitored throughout the time of experiment. Temperature

normal thermometer which was graduatedmeasured by awas
to 50°C (placed temperature).on a wall to measure airup

Evapotranspiration rate was estimated follows: A panas
of 25cm diameter was filled with soil then watered to make

The pan then weighed. The weighingthe soil wet. was was
done every 24 hours to get the water loss. The soil was
rewetted and the pan reweighed daily. The exercise was
continued for 7 days to get the average water loss per
day.
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Formula for evapotranspiration rate

V/AE
Where； E Evapotranspiration (mm/day)

Volume of water lost (cm3)V
Area (cm2) surface area from which water isA

being lost)

3.4.6 Layout and design
two factor experiment. There 3 seedThe study was a were

vigour categories and 6 length of time seed remained in
soil. The treatments were replicated 3 times. The design

complete randomized design.was

3.4.7 Data collection
observed and recorded daily forEmergence of seedlings was

recorded after8 days. Data on emergence were every
twenty four hours. The main parameters investigated were

of seedlingsz number of germinated seeds,emergence
seedlings which did not emerge, seeds which did not
germinatez root and shoot length of each seedling that
germinated and/or emerged.
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Table 3•2 Temperature and evapotranspiration during the
experiment in the glasshouse.

Air temperature EvapotranspirationDays

(°C) (mm/day)

1 25 2.03

252 1.34

24 2.853

23 1.634

3.26235

3.05246

25 2.857

2.03268

2.38±0.1624 ・4±0 ・ 35Mean
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Table 3.3 Geirmination percentage of" the artificially

aged seeds.

Duration of ageing (days)Cultivar

31 2

Maize (cv 5095 84
Staha)

Sorghum (cv 768687
Tegemeo)

Field experiment3.5
3.5.1 Location
The experimental site is situated at Sokoine University of

at 6° 29' S and 37° 9’ E and atAgriculture farm, an
The site lies withinelevation of 526m above sea level.

The soils of thethe Usagaran system of basement complex.
believed to have developed from colluvialarearea

material derived from the Uluguru Mountains of the same
complex, but also in situ decomposition of the original
rocks (Shayo-Ngowi and Mtakwa, 1994) . The average annual
rainfall is 837mm, most of which occurs between October
and May, with greater concentration in the months of March

The soils have been classified Typicand April. as
Acrorthox (Kasseba et al. , 1972) . The land had been under

fallow for over twenty years but occasionallywasgrass
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being used for grazing cattle.

According to Shayo-Ngowi and Mtakwaz (1994) the bulk
to 1.50g. cm'3. Thedensity of range from 0.94g.area cm'

-3bulk density of the soil The total1.27g.mean was cm'
porosity and particle density ranged from 43 to 64% and
2.45 to 2.70 respectively.
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Table 3.4 Temperature and evapotranspiration during the
experiment in the field.

Air temperature EvapotranspirationDays
(°C) (mm/day)

32 3.051

5.70322

5.29283

5.29304

4.07285

5.91316

7.13307

5.09318

5.20±0.4630.25±0.77Mean



46

3.6 Methods

3.6.1 Land preparation
The field prepared by clearing the bush followed bywas
normal cultivation using hand hoe. The big clods were
broken to enhance good contact between seeds and the soil.

3.6.2 Field layout and design
indicated in thepreparedSmall plots of lm x lm aswere

experimental layout (Appendix 3.1). Each plot was
labelled indicating the length of time seeds remained in
soil before watering, type and vigour of the seeds.

3 seedtwo factor experiment. ThereThe study werewas a
vigour categories and 6 length of time seeds remained in

replicated 3 times. The designsoil. The treatments were
complete randomized design.was

3.6.3 Planting in the field
hand planted (at depth of 10cm and 6cm forSeeds awere

maize and sorghum respectively). Planting holes were made
small handhoe.using a

Planting of all vigour categories (low, medium and high)
designed such that seeds would remain in the soil forwas

0, 3 z 6, 9, 12, and 15 days. On day 15, all the plots
watered uniformly with 40mm equivalent to rain water.were
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A total of 20 seeds planted in each plot.were

3.6.4 Environmental conditions at planting
3.6.4.1 Soil moisture content
Soil moisture content determined gravimetrically. Atwas
planting four soil samples randomly taken from thewere

used for soil moistureexperimental andarea was
estimation.

3.6.4.2 Determination of matric suction
determinedMatric suction of soil at each planting was

using the filter paper technique (Fawcet and Collis-George
Calibrated filter papers (Whatman No. 42)1967)・ were

placed between two layers of the sampled soil in a sealed
container and left for four days to equilibrate. The

The containers were removed and placed into desiccatora
to cool for another twenty four hours. The moisture in the
calibrated filter papers were calculated gravimetrically.
Matric suction was obtained by interpolation from the
calibrated curve for the batch of filter papers used.

soil matric suction and soil moisture contentThe average
(Fig. 3.1)is presented on

weight of the container and filter paper was determined, 
and then dried in the oven at 105°C for twenty four hours.
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3.6.5 Data collection

Data was recordedEmerged seedlings were recorded daily.

furtherfor ten days when there emergence.were no
considered emerged when the plumuleSeedlings were

appeared from the soil surface.
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CHAPTER FOUR

4.0 RESULTS
4.1 EXPERIMENT ONE:

Assessment of seed quality in commercial and fanners
planting seed and monitoring of the extent of seed
ageing in storage

Percentage germination4.1.1
Seeds obtained from TANSEED had germination percentage
ranging from 88 to 100% (Table 4.1). Some of the seeds
from farmers had their germination percentages below the
acceptable level of 85% and 75% for maize and sorghum
respectively (Table 4.2).
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Table 4.1 Germination percentage for- maize and sorghum
seeds obtained from TANSEED affected byas
storage time•

Crop cultivar Sampling regime

Time zero after twoAfter one
month months

Maize cv Staha, lot A 99 99 96

Maize cv Staha, lot B 96 93100

Maize cv Stahar lot C 97 100 96

Maize cv TMV-1, lot A 10097 97

Maize cv TMV-1, lot B 9897 99

Maize cv TMV-1, lot C 96 9794

Maize cv Kito, lot A 96 9298

Maize cv Kito, lot B 94 9093

Maize cv Kito, lot C 98 96100

Sorghum cv Tegemeo, lot A 9390 91

Sorghum cv Tegemeo, lot B 9296 96

Sorghum cv Tegemeo, lot C 96 8892
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Table 4.2 Germination percentage for maize and sorghum
seeds obtained from fanners affected byas
storage time

Crop (cv), farmer Sampling regime

Time zero After one After two
monthsmonth

Maize cv Staha, 8888 83
(Milando)

Maize cv Staha, 9095 92

(Mahava)

57Maize cv Staha, 6964
(Mahundumla)

10098Maize cv TMV-1, 97
(Omary)

Maize cv Kito, (Dongo) 899499

Maize cv Kito, (Shija) 9089 81

5065 55Sorghum cv Tegemeo /
(Salehe)

18 0Sorghum cv Tegemeo,
(Shija)
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All maize and sorghum cultivars from TANSEED had high
germination capacity and the values obtained abovewere
the minimum values set by Tanzania Official Seed
Certification Agency (TOSCA) that is > 85% for maize and
> 75% for sorghum. Some maize seeds from the farmers also
had germination percentage above the minimum acceptable
values set by TOSCA except for the Staha obtained from
farmer Mahundumla. Both sorghum lots had germinat ion
percentage below the acceptable level (Table 4.2 and
Appendices 4.5 - 4.8).
Overall sorghum seeds from TANSEED had relatively higher
germination capacity than those from farmers.

the germination capacity thereBasing on was no
significant differences (p=0.05) between sampling times in

(Table 4.1 4.3). Theboth seed for suchsources reason
result could be the short period in sampling interval (one
month)・ Thus the time was too short to give significant
differences.
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Table 4.3 Average number of seeds which germinated (out

of 100 seeds planted) affected by seed lotas
and sampling regimes•

Sampling Staha lot A Staha lot B Staha lot C

1 month 100±0.0a 97±la97± 1.88a

100± Ob96土 2.8ab2 months 99土 la

93± 1.88b 96土 0a3 months 98 ±1.12a

1.846.28LSD at P«0.05 4.52

Kito lot CKito lot A Kito lot B

100± 0a1 month 93± 2.4a 97± 3a

98± 1.12ab96± 1.6a 94± 2a2 months

94± 2b90± 2a3 months 92± 2.28a

4.247.66.96LSD at P-0.05

TMV-1 lot CTMV-1 lotBTMV-1 lot A

95± la97± la1 month 97± 1.88a

97土 1.88a98± la97± la2 months

99± 1.12a 97± la3 months 100± 0a

4.363.363.96LSD at P-0.05

Tegemeo lot B Tegemeolot CTegemeo lot A

92± 1.6ab96土 1.6a91± 3.76a1 month

96± 2.28a93土 2.48a 96± 2.28a2 months

88± 2b91± 3a 92± 1.6a3 months

10.04 6 4.24LSD at P-0.05
Means within the same column followed by the same letter are not significantly different
at P=0.05 according to Duncan's New Multiple Range Test.
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Time to 50% germination4.1.2
Sorghum seeds started germination earlier than maize seeds
(Table 4・4 and 4.5). Time to 50% germination (T50) was
estimated by interpolation in the cumulative germination

Maize seeds from both farmers and TANSEED,curves.
differed in their germination rate. Maize seeds from
TANSEED had a consistent trend where the germination rate
decreased with storage time. Sorghum seeds started
germination earlier than maize probably because smaller

to initiateseeds require less water than larger ones
germination (Table 4.4 and 4.5. and Appendices 4.1 - 4.8).
Sorghum seeds from farmers had comparatively lower
germination percentage than those from TANSEED. The
sorghum seed from farmer Shija for example had a
germination of less than 10% (Table 4.2).

Tso for seeds obtained from TANSEED showed very little
variation with storage time (Table 4.4 and Appendices 4.1

Overall T50 increased with storage time. The4.4).
significant and this might bedifferences were not

attributed to short period assigned to the sampling
interval (one month)・ Seeds from local farmers did not
follow any trend with respect to T50 (Table 4.5). Sorghum

Tegemeo obtained from Shija had the lowest proportioncv
of viable seeds (8, 0, and 1% for sampling after 1, 2 and
3 months respectively)
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Table 4.4 Time in (days) to 50% germination for the seeds
obtained from TANSEED affected by storageas
time .

Crop-cultivar Sampling regime

time zero After one After two
month months

Maize cv Stahaf lot A 2.2 2.4 2.7

Maize cv Staha, lot B 2.5 2.8

Maize cv Staha, lot C 2 2.8

Maize cv TMV-1, lot A 2.82.4 2.5

Maize cv TMV-1, lot B 3.12.7 3.1

Maize cv TMV-1, lot C 3.02.7 3.0

Maize cv Kito, lot A 2.82.5 2.7

Maize Kitor lot B 2.4 2.6 2.8

Maize cv Kito, lot C 2.72.7

2.7Sorghum cv Tegemeo r 1.6 1.6
lot A

Sorghum cv Tegemeo r 1.5 1.7 1.7
lot B

Sorghum cv Tegemeo, 1.5 1.6 1.6
lot C
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Table 4.5 Time in (days) to 50% germination for the seeds

from fanners affected by storage time.as

Crop-Cultivar (farmer) Sampling regime

Time zero After one After two
month months

Maize cv Staha, 2.6 2.6
(Milando)

Maize cv Staha, 2 2.5
(Mahava)

Maize cv Staha. 2.7 2.93.0
(Mahundumla)

Maize cv TMV-1, 2.3 2.42.5
(Omary)

Maize cv Kitoz (Dongo) 2.3 2.7

Maize cv Ki to, (Shija) 2.6 2.4 2.5

2.2Sorghum cv Tegemeo, 1.8 3.1
(salehe)

Not applicable because germinationSorghum cv Tegemeo,
(Shija) was zero
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Table 4.6 Average time in (days) to 50% germination for the seeds obtained from TANSEED

affected by seed lot and sampling regimeas

Sampling Staha A Staha CStaha B

2.22±0.08ab1.95±0.06a 2.22±0.08a1

2.37±0.04ab2.30±0.04b 2.50±0.04b2

2.75±0.06b2.67+0.07c 2.77±0.04c3

0.2161.950.197LSD at P，0・05

Ki to CKito BKito A

2.47±0.05ab2.52±0.06ab2.5±0.04a1

2.5+0.Oab2.67±0.08ab2.72±0.06b2

2.7±0.04b2.95+0.06b2.9S±0.06c

0.1380.2290.211LSD at P=0.05

TMV-1 CTMV-1 BTMV-1 A

2.7±0.1a2.65±0.11a2.52±0.04a1

2.92±0.02bc3.07±0.04bc2.65±0.09ab2

2.95±0.03bc3.12±0.14bc2.8±0.03b3

0.1970.3550.197LSD at PeO.05

Tegeraeo CTegemeo BTegemeo A

1.5±0.03a 1.7±0.06a1.65±0.03a1

1.7±0.0bc 1.7±0.06a1.65±0.03a

1.75±0.05bc 1.7±0.0a1.72±0.04a

0.1500.116 0.106LSD at P-0.05

letter are not significantly differentMeans within the same column followed by the same
at P=0.05 according to Duncan's New Multiple Range Test.
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4.1.3 Change in seed moisture content (SMC) with storage

time
Seed moisture content increasing with storage timewas
(Table 4.7.). Seeds from farmers had high initial SMC

Sorghum had high SMC than maizethan commercial seed.
Initial SMC varied from 10.27irrespective of the source.

to 11.25% and 11.26 to 11.52% for maize and sorghum from
for seeds from farmersTANSEED respectively. The range

11.60 to 12.70% and 12.18 to 15.02% for maize andwas
sorghum respectively.
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Table 4.7 Change in SMC with storage time

Seed moisture content (%)Crop-cultivar/lot
Time zero After one After two

month months

Seeds from TANSEED
Maize cv Ki to, lot A 10.86 11.19 11.62
Maize cv Kito, lot B 10.74 11.86 11.90
Maize cv Kito, lot C 10.87 11.95 12.06
Maize cv Staha, lot A 10.74 12.1511.91

Maize cv Staha, lot B 11.8610.81 11.51

Maize cv Staha, lot C 12.6611.25 12.71
Maize cv TMV-1, lot A 10.54 11.97 12.25
Maize cv TMV-1, lot B 10.80 11.70 11.95
Maize cv TMV-1, lot C 10.27 11.62 11.89
Sorghum cv Tegemeo, lot A 11.52 12.23 12.64

Sorghum cv Tegemeo, lot B 11.26 12.30 12.80

Sorghum cv Tegemeo, lot C 12.60 13.0811.50

Seeds from local farmers.
(Farmer)

Maize cv Staha, (Milando ) 11.60 12.04 12.68

Maize cv Staha4 (Mahava ) 12.9611.96 12.05

(Mahundumla)Maize cv Staha, 11.88 12.12 12.58
(Shija)Maize cv Kito. 12.70 12.98 13.25
(Dongo)Maize cv Kito. 11.62 12.10 12.70
(Omary)Maize cv TMV-1, 11.75 11.99 12.15

Sorghum cv Tegemeo, (Salehe) 12.18 13.19 13.98

Sorghum cv Tegemeo, (Shija) 15.02 16.13 16.88
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4.2 EXPERIMENT TWO: The effect of the length of time
seeds remains In soil before onset of rains oxi
establishment

4.2.1 Seedling emergence
Emergence of seedlings as affected by the length of time
seed remained in soil before watering is presented on
(Table 4.1 and 4.2 and Appendices 4.9 and 4.10)
Sorghum seeds emerged earlier than maize seeds. Sorghum
seeds started emerging 3 days after watering whereas

thfor maize started on the 4 day after wateringemergence
(Table 4.1 and 4.2 and Appendices 4.11 and 4.12). More
maize seedlings emerged early (day 4 5) in high vigour
seeds compared to medium and low vigour categories (table
4.8).

In the field, emergence of both maize and sorghum followed
the same trend as that of glasshouse experiment. Sorghum
emerged earlier than maize regardless of the vigour

Sorghum emerged on the 3rd day after wateringgroups .
whereas maize emerged on the 4th day (Table 4.9 - 4.10) and
Appendices 4.11 - 4.12).
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Emergence for maize seeds which had stayed in the soil for
15 days first observed on the 5th day after wateringwas
for all vigour groups of maize. Sorghum seeds thoseeven
which had stayed in soil for 15 days, started emerging on

rdthe 3 day after watering. The high vigour (HV) maize
seeds had more emerged seedlings on the 4th day compared to
medium vigour (MV) and low vigour (LV) seeds (Table 4.9
and 4.10).

For the glasshouse experiment z the length of time seed
remained in the soil seem to have had no effect on
percentage emergence (Table 4.8 and 4.9). Under field
conditions, percentage emergence decreased with length of
time seed remained in soil before watering (Table 4.10 and
4.11).

The proportion of both sorghum and maize seeds which
emerged, seeds which germinated but failed to emerge and
seeds which did not germinate are shown in (Table 4.12 and
4.13).
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Table 4.8 Cumulative percentage emergence of maize (cv

Staha) as

watering (Glasshouse)

15o 3 6 9 12

High Vigour seed

204 20 30 20 20 94

80 86 66 74 60 100

94 100 94 1006 94 74

100 94100 94 1007 74

94 100 94 100100 748

Medimn Vigour seed

20 00204

46 60 46 746046

8666 94 74 94866

8680 9466 947 86

80 94 949474948

Low Vigour seed

0 060 004

40 26 3474 4030

86 80100 60 74806

86 86100 80 86867

100 8680 94 94868
NB. Days 1 to 3 had no emergence of seedlings hence skipped.

affected by vigour and the length of 
time seeds remained in soil columns before

Days after 
watering

Length of time seed remained in soil before watering 
----------------- Days -----------------



64

as

watering (Glasshouse experiment).

6o 9 12 15

High Vigour seed

6066 80 6646 40

86 6666 66 72 944

6686 94 9480 805

80 100 94 94 666 80

94 6680 100 94807

100 66100 9480808

Medium Vigour seed

4640 3074 5446

46 8086 72 54724

66 54 947272 94

66 54 947286 946

66 54 948086 947

66 54 9494 80868

Low Vigour seed

66 3466 40 4046

60 8094 66 54724

86 80 8094 6094

100 86 8094 66946

100 86100 94 80 667

100 8694 861008 66
MB.Days 1 to 2 had no seedling emergence hence skipped.

Days after 
watering

Length of time seed remained in soil before watering
-----------------------------Days ----------------

affected by vigour and the length 
of time seeds remained In soil columns before

Table 4.9 Cumulative percentage emergence of sorghum (cv 
Tegemeo)
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as

watering・

3 6 12 151 9

High Vigour seed

40 60 40 04 74 46

86 86 60100 86 805

86 6686 866 100 80

668694 86 801007

668694 86 801008

Medium Vigour seed

02026 40 30204

405486 80 8686

74 4086 86 86866

467494 86100867

467494 86100868

Low Vigour seed

0 020 00404

2026 20 206060

46 2046 4060606

2666 4666 74667

66 60 267466 748
NB. Days 1 to 3 had no emergence of seedlings hence skipped.

Length of time seed remained in soil before watering 
----------------- Days ----------------------------

Days a£ter 
watering

Table 4.10 Cumulative percentage emergence of maize (cv 
Staha) as affected by vigour and the length of 
time seeds remained In the soil (field) before
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as

watering.

o 3 6 9 12 IS

High Vigour seed

26 46 203 40 40 20

46 5454 60 40 204

46 60 5454 40 305

46 60 30 5454 406

603046 60 40547

6046 3060 40548

Medium Vigour seed

20 3446 40 34743

4646 465474744

46 464674 54745

464654 46746 74

60 46 54 4674747

60 46 54 4674748

Low Vigour seed

60 40 3060 34403

3080 34 4074404

4680 34 407446

80 34 40 4674466

8080 46 40 46547

8080 46 40 46548
NB.Days 1 to 2 had no seedling emergence hence skipped.

Days 
after 
watering

Table 4.11 Cumulative percentage emergence of sorghixm (cv 
Tegemeo) as affected by vigour and the length of 
time seeds remained in soil (field) before

Length of time seed remained in soil before watering 
-------------------- Days -----------------------
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Table 4 ・12

GerminatedEmerged

1.194.4 4.4

Medium vigour 87.8 2.210

2.2Low vigour 6.691

SorQtium:
14.4High vigour 085.5

20Medium vigour 80 0

110Low vigour 88.8

Failed to
not emerged germinate

Vigour 
category

Maize:
High vigour

Percentage of maize and sorghum seeds which 
emerged as was affected by vigour in the 
glasshouse study.
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High vigour maize seeds both in glasshouse and in the
field had relatively high proportion of seeds which
germinated and emerged than LV and MV seeds (Table 4.12).
The proportion of seeds which germinated but failed to
emerge and seeds which did not germinate alsowas
relatively lower in HV than in the other two vigour
categories.

In sorghum and for low vigour seeds, relatively seedsmore
emerged compared to the other two vigour categories
The results are contrary to those observed in maize due to
the fact that the MV and LV groups performed better in
terms of emergence and growth than the HV seeds. This can

in (Table 4.13) where the MV had a proportion ofbe seen
57.7 seeds which emerged and 42.2 seeds which did not
germinate compared to 46・6 and 52.2 for HV category.
There was overall reduction in percentage emergence under
field condition as compared to glasshouse study.
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Table 4.13 Percentage of maize and sorghum seeds which
emerged as affected by vigour in the fielcwas

study.

Vigour Emerged Germinated Failed to
category not emerged germinate

Maize:
High vigour 84.4 13.3

Medium vigour 82.2 3.3 14.4

Low vigour 63.3 5.5 31.1
Sorqhum:

High vigour 46.6 0 52.2

Medium vigour 0 42.257.7

43.3 :Low vigour 56.6 0
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4.2.2 Root and shoot length for glasshouse and

field experiments.
Mean root and shoot Lengths in both glasshouse and the
field studies are shown in (Table 4.14 and 4.15)

Table 4 . 14 Mean maize and sorghiun root and shoot length
affected by length of time seed rexnainedas

in soil before watering for glasshouse (G)
and field (F) experiments •

Maize SorghumLength of
time
(days)

Shoot Shoot ShootShoot RootRoot
(F) (G) (G) (F)(G) (G)

143.7ab154.9ab 103.2a 90.1a184.8a 133.3c0

153.lab 96.4a 154.8c 64.3a190.3a 129.0c

147.9ab210.9a 107.1a 86.9a133.0c160.5c6

124.Oab 148.Oab103.3a197.5a 88.3a145.6a9

147.Oab 92.2a 136.0a191.2a 105.0a 74.5a12

141.8ab150ab 202.1a 132.0c 102.7a 85.3a15
30.2 20.8 20.9 21.4 15.8LSD (P-0.05) 14T0

Means within the same column followed by the same letter are not significantly different
at P»0.05 according to Duncan's New Multiple Range Test.
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Table 4.15 Mean maize and sorghum root and shoot length
affected by vigour categories foras

glasshouse (G) and field (F) experiments.

Vigour Group Maize Sorghum

ShootShoot Shoot ShootRoot Root
(F)(G) (G) (F)(G) (G)

High vigour 104.ab 155.4b221.4a 88.5a157.0a 150.8a

193ab 145.3abMedium 135.0b 86.0a148.0a 108.6a
vigour

174.3ab 90.3bLow vigour 136.9a 80.3a92.0c150a

14.8 15.1 11.121.3 14.7LSD P-0.05 9.9

Means within the same column followed by the same letter are not significantly different
New Multiple Range Test.at P=0.05 according to Duncan's
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Maize root and shoot lengths.4.2.2.1

When the means for root separated by multiple rangewere
test (MRT) for the number of days seeds remained in soil
columns before watering, only root length on day 9 and day
6 showed significant differences (p=0.05). The difference
in other treatments significant (NS)・ Generallywere non
there were no consistent trend in maize root length with
either vigour category­ length of time seeds remained inor
soil columns before watering (Table 4.14 and 4.15,
Appendix 4.13)・

significant differences (p=0.05) for maizeThere were no
shoot length with respect to vigour categories wellas as
length of time seeds remained in soil columns before
watering (Table 4.14 and 4.15). Shoot lengths for maize
grown in the field differed significantly (P=0.05) from
that in the glasshouse and especially between HV and LV
(Table 4.14 and 4.15)・ This trend can also be observed in
(Appendix 4.18)・ Again there were no consistent trend for
the length of time seeds remained in soil before watering
(Table 4.14 and Appendix 4.17).

Root and shoot lengths for maize and sorghum (grown in
both glasshouse and in the field) affected by vigouras
category and length of time seed remained in soil before
watering are shown in (Table 4.16 and 4.17).
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4.2.2.2 Sorghum root and shoot lengths
The root lengths measurement for the sorghum grown in the
soil columns showed significant differences (p=0.05)
between MV and LV categories (Table 4.15 and Appendix
4.16)・ No trend was observed with regard to the length of
time seeds remained in soil columns before watering
(Table 4.14 and Appendix 4.15)

Shoots for sorghum seedlings grown in soil columns were
significantly longer (P=0.05) for HV as compared to MV and

Seedlings from HV seeds had longerLV (Table 4.15).
shoots followed by MV and LV respectively. There was no
consistent trend for shoot length to vary with the length
of time seeds remained in soil before watering (Table 4.14
and Appendix 4.16).

Sorghum seedlings grown in the field showed no significant
differences (P=0.05) in shoot length both with respect to
seed vigour categories and for the length of time seeds
remained in soil before watering (Table 4.14 and 4.15).
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Table 4.16 Maize root and shoot length (grown in both glasshouse and in the field) as
affected by vigour category and length of time seed remained in soil before
watering.

Length of time 0 12 15 LSD at6 9
seed remained P- 0.05
in soil

Maize root length (glasshouse)

32.36High vigour 142.4a 163.6a 151a168.4a 152.6a 164.3a

24.48Medium vigour 135.1a 152.4a140a152.6a 156a 152.4a

32.19154.6a 142.4a 148aLow vigour 143.6a 164.7a150.8a

26.23 35.1146.6322.56 25.36 38.98LSD at P-0.05

Maize shoot length (glasshouse)

62.71215a233.3a228.8aHigh vigour 200.1a 207.3a 243.3a

80.43207.8a181.1a 201.4aMedium vigour 195.7a192.9a 178.4a

62.19183.1a139a193.8a 182.7aLow vigour 161.6a 185.3a

77.2449.4867.93 11767.47 68.58LSD at P-0.05

Maize shoot length, (field)

150.6a 30140.6a 146.9a 74160.9aHigh vigour 153.3a 152.8a

147.5b142.3b 105.5c 35.6Medium vigour 137.5a 140a141a

64.9a 98.2a90.5a 57.1997.3a 100.2aLow vigour 105.8a

34.6842.74 52.5925.4482.75 23.28LSD at P-0.05

not significantly di£ferent atValues sharing the same letter in the same row are
P=0.0S.
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Table 4.17 Sorghum root and shoot length (grown in both glasshouse and in the field)
affected by vigour category and length of time seed rexaained in soilas

before watering.

Length of time 0 6 9 12 15 LSD at
seed remained P-0.05
in soil

Sorghum root length (glasshouse)

High vigour 102b82.5a 99.8b 105b 28.61116.9c 114.8c

Medium vigour 131.7a 106.2a 53.99107.4a 109.3a 92.8a 104.6

Lowm vigour 29.595.5a 81.1a 85.8a 84.2a 98.6a97.2a

34.1 17.0 20.0LSD at P-0.05 88.8 27.76 33.0

Sorghum shoot length (glasshouse)

34.27High vigour 160.9a 159.5a 154.7a155.9a 143.2a 158.5a

46.70Medium vigour 168.7b 140.6a 119.2c 137.6a153.4a 152.8a

34.19Low vigour 161.5b 130.1c 133.1c132.5c 142.5c122.0a

46.97 36.2643.6551.13 39.47 42.48LSD at P-0.05

Sorghum shoot length (field)

63.3a 44.2498.3a 92.5aHigh vigour 92.3a 89.4a 95.1a

78.4a 19.14Medium vigour 92.9a 88.0a90.6a 79.5a 86.9a

73.8a 81.8a 75.6a 20.93Low vigour 84.0a 78.8a87.5a

30.44 66.4 24.4424.24 15.75 14.0LSD at P-0.05
Values~~sharing the~~same letter in the same row are not significantly different~~at
P=0.05.
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4.2.3 Number of lateral roots for maize and sorghum

grown in the soil columns
4.2.3.1 Maize seedlings
At harvest the number of lateral roots varied from 2 to 15
with an average of 6 roots for all the vigour categories.
There was no clear trend for the number of lateral roots
to vary with either vigour category the length of timeor
seeds had remained in soil before the application of

For examplez LV seedling whose seed remained inwater.
the soil for zero days had 10 lateral roots compared to 6
and 7 for HV and MV respectively.

4.2・3.2 Sorghum seedlings
The count of lateral roots in sorghum at harvest showed a

That is, there was nosimilar trend to that for maize.
trend for the number of lateral roots to vary with either

the length of time seeds remained invigour category or
the soil before watering.

4.2.4 Number of leaves for maize and sorghum grown both
in soil columns and in the field.

4.2.4.1 Maize seedlings in the soil columns•
The number of leaves at harvest varied from 2 to 4 with

of 3 leaves in all vigour categories. Noan average
consistent trend was observed for the number of leaves to
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vary with either vigour the length of time the seedor
remained in the soil before watering.•

4・2.4・2 Sorghum seedlings In the soil columns
At 10 days after the application of water, the seedlings

Againhad 2 to 3 leaves with an of 3 leaves. noaverage
consistent trend was observed for this parameter to vary

the time seed remained in soilwith vigour groups or
before the application of water.

Maize seedlings in the field4.2.4.3
The number of leaves for maize seedlings varied from 2 to

average of 3 leaves for all vigour groups. No4 with an
trend was observed for the number of leaves to vary with

the length of time the seed remained ineither vigour or
the soil before watering.

4.2.4.4 Sorghum seedlings in the field
average of 3 leaves regardless ofSorghum seedlings had an

vigour group and the length of time seeds remained in soil
before.watering ・
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CHAPTER FIVE

5・ 0 DISCUSSION
5.1 Experiment one: Assessment of seed quality in

commercial and farmers planting seed and monitoring
of the extent of seed ageing in storage.

Sorghum seeds from TANSEED had higher germination capacity
than those from farmers. Sorghum seeds from farmers might
have been destroyed during processing and storage where by
cell membranesz organelles z nuclear materials and other
mechanisms involved in the resumption of growth were
impaired making them incapable of supporting the
resumption of growth (AOSA, 1983)・ Germination was 0% for

Tegemeo obtained from farmer Shija during thesorghum cv
second sampling. Alternatively microorganisms (storage
fungi) might have infested the seeds during storage which
spoiled the seed quality (Christensen and Kaufmannz1974).
The activity of these microorganisms which were observed
during the germination test could have been favoured by
high temperatures and relative humidity in farmers' stores
which also influence the rate of seed det er iorat ion. The
effect of seed deterioration has been described by
Delouche and Baskin (1973) slow rate and decreasedas
germination capacity, poor emergence and seedling growth/
decreased tolerance to suboptimal conditions and low
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oxygen uptake during early stage of germination.

The germination capacity, in practice is the best general
indicator of a seed lotx s ability to grow in the field and
lot's of low capacity should be rejected (Thompson, 1979).
The importance of high germination to farmer is obvious
but in practice the full potential is seldom realised and
the number of seedlings established in the field is less
than germination capacity would indicatez for conditions
in the field are not usually favourable. Nevertheless,

the higher the germination capacity the better the field
establishment (higher germination capacity is an indicator
of field establishment). Thus the results from this study-
showed that all seeds from TANSEED had the germination
capacity above the acceptable level・ One out of six maize
varieties from farmers and all two sorghum varieties also
from farmers had the germination capacity below the
acceptable level・

The importance of T50 to farmers is obvious since the rate
of moisture loss and development of high soil strength are

establishment.limiting factors to The earlycrop
germinating seeds utilise the available moisture and hence

before surface crusts are formed. The formed soilemerge
surface crust prevent emergence of the late germinated
seedlings.
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The germination rate for sorghum was observed to be lower
than that for maize. This could be due to the fact that
sorghum seeds are attacked by more pests and diseases than
maize seeds. The seeds with low vigour are associated
with low viability and low germination rate and percentage
(Hartman and Kester, 1968). Normally sorghum seeds have
lower germination rate as well capacity compared toas as
maize seeds (Doggetz 1988). Sorghum seeds obtained from
farmers had low viability potentials as well as vigour due
to the factors such poor handling of seeds duringas
harvesting, processing and storage. These might cause
reduction of vigour and viability and hence lower the
germination rate.

ISTA (1987) and Bodliya and Burris (1988) linked the
factors such as poor handling of seeds from mother plants；
harvesting, processing and storage to seed ageing due to
the structural integrity of cell membranes during seed
developmentr drying, handling and storage. Seeds with
high germination rate of advantage to farmers becauseare
they emerge sufficiently rapid before the effect of other
environmenta1 stress factors for example drying of the
soil or fungal attack prevent germination (So, 1987)

Seed moisture content increased with storage time. This
evidence that the moisture content in seed stores waswas
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higher than the initial SMC hence seeds absorbed more
moisture for the purpose of equilibration.

Roberts (1972) pointed out that seeds' moisture content
to play major role in seed storage probably a farseems a

greater role than storage ambient Thetemperature ・or
higher the SMC and the higher thetemperature,
deterioration rate and if the seeds physicallyare or
mechanically damaged if storage pathogens (fungi,or
insects and mites) invadez seed quality loss may occur
substantially and very quickly (Neergaard, 1977 ； Roberts,
1983; Agarwaal and Sinclair, 1987； Mashaurir 1991)
Generally the longevity of seeds in store is influenced by
environmental temperature z moisture content of the seed
and oxygen pressure (Roberts, 1972) and also by crop
species and initial quality of the seed (Egliz et al.
1978)

Considering SMC and storage temperature, Harrington (1963)
pointed out two rules of thumb for seed viability in
store； that except in extreme conditions# for each one
percent decrease in SMC and for every 5°C decrease in
temperature seed storage time is doubled. Thus it would
be most desirable to store seeds at moisture content less

Too dry conditionsx however may also reducethan 10%.
seed longevity/ through extreme desiccation (Roberts,
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1972)・

Although dry and cold storage conditions can increase
storage life of seeds, the optimum SMC and temperature are
still subject of ongoing debate (Ellis et al. r 1990,a
1991, Vertucci and Ross, 1990, 1991). Storage knowledge
helps to alleviate the unnecessary deteriorative factors
during storage through controlled temperature# moisture
and relative humidity.

Seed5.1.1 sources
superior than that fromSeed from TANSEED was more

TANSEED is a parastatal organisation which isfarmers.
responsible for the production, processing and selling of
the seeds directly to farmers through the stockists inor

The production and handling of the seeds IsTanzania.
relatively superior as compared to farmers because of the
control imposed at different stages of production r

Storage conditions in TANSEED,processing and storage.
Morogoro branch improved compared to fazrmers . Theare as

well ventilated to allow free airgodowns are so as
circulation which lowers the storage temperature. The
seeds are stored at the SMC ranging from 10 to 12% which
allows minimum deterioration destruction by theor
pathogens and storage pests. Seeds are dressed with
(storage) chemicals to avoid destruction by storage pests.
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Seeds from TANSEED are well packed to minimize the risk of
mixing one cultivar with another.

Farmers differ in the way they handle their seeds from
productionr processing and storage. Obviously there is no
control during production since different farmers plant
different cultivars within the same field hence no control

pollination. Some farmers store their seeds in poorlyon
ventilated houses at the same time these houses usedare

very high. Thiskitchen where the temperatures areas
does not agree with the study by FAO (1983) which
cautioned that for every 5°C increase in seed temperature
the life of the seed is halved and like wise for each 1%
increase in seed moisture content the life of the seed is
also halved (Harringtonz 1963)・

Farmers from whom the seeds were obtained did not dress
their seeds with chemicals to prevent destruction by
storage insects, hence most of their seeds were bored by

Mechanical damage to the seeds was alsostorage pests.
observed indicating poor processing techniques practised
by the farmers. All these drawbacks observed from farmers
indicate a need for the relevant authorities to intervene

to enhance crop establishment and growth. The poorso as
storage condition in the farmers stores was reflected in

farmers had seeds with germinationthe study where some
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rate and capacity below the standard set by TOSCA. This
also reflected in poor establishment in the field.

Experiment Two: The effect of the length of time5.2
seeds remains in soil before onset of rains on
establishment

In both glasshouse and field experiments sorghum seeds
started emerging 3 days after watering where as for maize

th day after watering. This isstarted on the 4emergence
probably because the sorghum seeds are small in size than
maize which provides large surface area for imbibition of
water during germination process than the maize seeds.
Possibly sorghum did take up water rapidly than did maize#
thus sorghum had seed coat which allowed moisture to enter
into the seeds relatively quicker than did the seed coat

The early emergence confirms the rapidfor maize.
moisture uptake by sorghum as opposed to maize. Normally
smaller seeds require less water than larger ones to
initiate germination.

From the results (Table 4.7) sorghum had SMC higher than
that of maize, this also could contribute to earlier
emergence of sorghum as compared to maize because sorghum
in this case needed less moisture to initiate germination.
The reduced emergence rate by MV and LV could be because
aged seeds do show marked decrease in enzyme activity
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especially that of Super Oxide Dismutase SOD, as it was
advocated by Anderson (1970) . All the same, one has to
note that reduced vigour does always result from general
damage to the entire spectrum of (Ross, et alenzymes
1988)・ MV and LV maize seeds had exhibited ageing
symptoms that is slow germination rate and slow emergence
rate (Delouche and Baskin, 1973).

In addition, MV and LV maize seeds had lost their
viability potential due to ageing and thus could not
germinate and rapidly. Cell membrane doemerge
deteriorate with ageing of seeds (Hampton and Coolbear#
1990)・ Thus when the seed is aged its emergence and
storability become reduced it was the case with MV andas
LV maize seeds which were artificially aged.

Due to ageing MV and LV maize seeds might have their
endogenous auxins reduced. The above is a growth promoter

if this hormone is reduced germinationin plants, so
reduced as well (Coolbearz 1990).capacity and rate are

During favourable conditions (such as optimum temperature/
evapotranspiration, absence of microbes and other insect

environment in the glasshouse) both aged andpests eg.
unaged seeds showed similar performance. These results
agreed with the study performed by Bekendam et al. (1987)
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which showed that aged and unaged seed lots of maize had
similar performance in the standard germination test, and
during favourable field conditions.

Relatively seeds germinated and emerged from lowmore
vigour sorghum seeds compared to the other two vigour
categories. Probable explanations include the fact that
normally sorghum varieties have inherent seed dormancy
which reduces germination capacity and rate (ISTAZ 1985)・
The artificial ageing of the seeds might have broken the
inherent seed dormancy, hence made the LV category to
germinate and emerge earlier than fresh seeds (HV) and MV
seeds which still had the inherent seed dormancy. ISTA
(1985) demonstrated that sorghum seeds need prechilling to
break the inherent seed dormancy to germinate andso as

For the same reason it can be observed fromemerge early.
(Table 4.10) for the HV and MV sorghum seeds the number of
seeds which could not germinate is relatively higher
compared to LV sorghum seeds.
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Comparison between glasshouse and field experiments.5.3

Maize seeds germinated and emerged 4 'days after watering
in both glasshouse and the field. The number of the
seedlings emerged on the 4th day relatively higher inwas
the glasshouse than the field due to the artificial and

favourable conditions created in the glasshouse.more
The temperature in the glasshouse was relatively low, with

of 24°C. This temperature created artificialan average
micro climate which favoured germination and emergence of

temperature in the field duringTheseedlings.
relatively high. Theexperimentation averagewas

temperature was 30°C. This temperature speeded up the rate
of evapotranspiration which resulted into increased rate

The evapotranspiration rates were 2.4mmof water loss ・
the fieldand 5.2mm per day for the glasshouse and in

respectively. The rate of evapotranspiration in the field
double that of the glasshouse and this could bewas

related to double rate of water loss in the field which
could be the cause of observed impaired germination and
emergence rate in the field. Sorghum seeds germinated and
emerged 3 days after the application of waterz for both
glasshouse and the field. Again seedlings emergedmore on
the 3rd day in glasshouse experiment compared to theas

The could be the same as thosefield experiment. reasons
given above for maize.
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5.3.1 Seedling emergence count
In the glasshouse experiment out of total maize seeds
planted for each vigour category, the proportion of seeds
which germinated and emerged 94.4, 87.8 and 91 for HVZwas
MV and LV respectively. In the field, the proportions
were 84.4, 82.2 and 63.3% for HV, MV and LV respectively
(Table 4.12 and 4.13).
The above results confirm the inherent differences in
performance between vigour categories under favourable and

Hencez germination results fromunfavourable conditions.
controlled environment should not be used to recommend
seed lots as being fit for planting before being tested in
the field.
The proportion of maize seeds which failed to germinate
under glasshouse conditions varied from 1.1 to 2.2% across
vigour categories. In the field experiment the proportins

This alsoincreased and varied from 13.3 to 31.1%.
elaborates the difference between the two environments.
These trends were also observed in sorghum (Table 4.12 and
4.13).

Shoot length5.3.2
The average shoot length in the glasshouse # at 10 days
after watering varied from 157mm to 238mm long. Whereas
in the field, for the same duration the shoot length
varied from 90.7mm to 248mm.
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Sorghum also follow the trend observed in maize. The mean
shoot length varied from 121mm to 172mm and 63mm to 101mm
for glasshouse and the field experiments respectively.
The reason for-the above variation is the differences in

fieldenvi ronment s and thethe (glasshousetwo
conditions).
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CHAPTER SIX

6 ■ 0 CONCLUSIONS AND RECOMMENDATIONS
In view of the results obtained in this study, the
following conclusions and recommendations can be made:

6.1 CONCLUSIONS
(a) As far as seed quality is concerned, commercial seed
(TANSEED) ranked much higher than seed from farmers.
Use of commercial seed by farmers thus reducecan
incidences of poor crop establishment and especially for
sorghum.

(b) Germinability of the maize and sorghum seeds is
influenced by the length of storage time. The longer the
storage time the lower the germination percentage and the

Therefore the seeds for field plantinglonger the T50.
should not be stored longer than one season.

(c) Low germination percentage could be attributed to poor
storage conditions which cause accelerated ageing of seed.
This was observed in the sorghum and maize seeds obtained
from local farmers. Farmers in the rural areas faced poor

establishment due to poor handling of their seeds,crop
including poor storage conditions (high temperatures r
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relative humidity and high seed moisture content) which
result into lowered seed vigour.

(d) High vigour maize and sorghum seeds survived in the
soil for more than 15 days and still germinated and
emerged well on the application of water. The longer poor
quality seeds (low vigour) remained in the soil before
wateringz the slower and lower the germination and
emergence ・

(e) Overall, the glasshouse experiment showed a superior
difference in terms of performance from field experiment
and this was probably due to the difference in conditions
which existed in both experiments. Thus results from
glasshouse experiments should not be used to arrive at
recommendations meant for farmers because the conditions
in the field are not always favourable and therefore
results from glasshouse become unrealistic.

6 ・ 2 RECOMMENDATIONS
(a) Where as the current study lasted for only six monthsr
TANSEED stores seed for 2-3 seasons. Thus long term and
monitoring of the extent of seed ageing in stores is

to draw meaningful conclusions.required Suchso as
studies need to be carried hand in hand with pathological
experiments because the incidences of pathological
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symptoms like fungal growth observed in thewere
germination test conducted in the laboratory.

(b) Most farmers cannot afford or do not use certified
seedsz instead they rely on the seed from the previous

which is usually kept under conditions thatseason cause
deterioration. Further studies should target appropriate
seed storage techniques for farmers.

(c) Government intervention in terms of subside and other
assistance to farmers could encourage them to go for

result improveseeds andcommercial cropas
establishment.
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Appendix 3.1 Experimental layout for field and greenhouse

experiments
plots for maize.

T3 LV TO LV T6 LV T12 LV T15 LV T9 LV

T12 HV T9 HV T15 HV T3 HV T6 HVHV TO

T15 MV T6 MV TO MV T9 MV T12 MV T3 MV

T12 T6HV HV T3 HV T15 T9 HV TO HVHV

T12 MV T15 MV T9 MV TO MV T3 MV T6 MV

LV T9 LV T12 T6 LVTO LV T3 LV T15LV

TO T3 T6 HVT9 HV T15 HV HV T12 HV HV

TO T12 LVT6 LV LVLV LV T3 T9 LVT15

T3 MVT12 MVT9 MV T15 MV T6 MVTO MV

(b)plots for sorghum.

LV T9 LVT6 LV T15TO LV LV T12LVT3

T6TO HV HVT15 HV T3 HVT9 HVT12 HV

T12 MV T3 MVMV TO MV T9 MVT6T15 MV

T9 HV TO HVHVT3 HV T15T6 HVHVT12

T3 T6MV MVT9 MV TO MVMVT15T12 MV

T6 LV T15 LVT3 LVT12 LVLVT9TOLV LV

T3 HV T6 HVT12 HVTO HVHVT15T9 HV

TO LV T12 LVT9 LVLV T3 LVT6T15 LV

T12 T3T6 MV MVT15 MV MVMVT9MVTO

number of days seeds remain in the soil beforeT0,T3, T6

Medium vigour seeds L.V. Low vigour seedsM.D.H.V.

key：
watering/moisture supply

High vigour seeds
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Appendix 4.1 Germination curves for three lots of Maize 
(cv Staha ) as affected by duration of storage.
At the begining of storage programme (. ), one 
month (♦ ), and two month later (A ).
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Appendix 4.2 Germination curves for three lots of Maize 
(cv TMV-1) as affected by duration of storage.
At the begining of storage programme (■ ), one 
month (4 ), and two month later (A ).
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Appendix 4.3 Germination curves for three lots of Maize 
(cv Kito) as affected by duration of storage.
At the begining of storage programme (■), one 
month (♦ ), and two month later (▲).
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LOTA
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o
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Appendix 4.4 Germination curves for three lots of sorghum 
(cv Tegemeo ) as affected by duration of storage.
At the begining of storage programme (■), one 
month (. ), and two month later (▲).

0
62

LOTC
120

4 5
Days after planting

100
80
60
40
“ 

(
«cc
=

.2
rt
.=u
£

CAm
_
s
2

三
三
。

S

80
60
4020 

(9
。) _

.2
rt
.Eu
5
3
 

«
m
 

三=_5

3

S0
6U
4O2O 

(w
) u

c
一W

.EU
U
O
S
o
>
_
«
n
s
=
u
n
C
J



Mahundumla
100

118

Milando

6 7

764 S
Davs after planting

3 4 5
Days after planting

Mahava

0
7

Of storage. At the beginlng of storage programme (V), one month (>)

I 2 3 4 5 6
Days after planting

Appendix 4.5 Germination curves for maize (cv staha) as affected by duration

and two month later (▲).
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Appendix 4.6 Germination curves for maize (cv TMV-1) as affected by duration 

of storage. At the begining of storage programme ( ■ ), one month (■) 
and two month later (4 ).
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Appendix. 4.7 Germination curves for maize (cv Kito) as affected by duration 
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Appendix 4.9 Maize seedling emergence in the soil columns as it was affected by vigour 
and length of time seeds remained in soil before watering.
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Appendix 4.10 Sorghum seedling emergence in the soil columns as it was affected by vigour
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and length of time seeds remained in soil before watering.
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Appendix 4.11 Maize seedling emergence in the field as it was affected by vigour
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Appendix 4.12 Sorghum seedling emergence in the field as it was affected by vigour
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Appendix 4.13 Root length in three maize seed vigour categories grown in the soil columns (glasshouse)
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Appendix 4.14 Shoot length in three maize seed vigour categories grown in the soil columns (glasshouse)
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Appendix 4.15 Root length in three sorghum seed vigour categories grown in the soil columns (glasshouse)
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Appendix 4.16 Shoot length in three sorghum seed vigour categories crown in the soil columns ( ghsshousc)
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Appendix 4.18 Shoot length in three sorghum seed vigour categories grown in the field.
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Appendix 4.17 Shoot length in three maize seed vigour categories grown in the field.
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