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ABSTRACT_ Seed PﬁNing 18 an essential pre-requisite for rapid, uniform germination of seeds and optimum
plant stand in the field. The seed quality enhancement through seed priming has led to improvements in
growers’ ability to achieve better plant stand both in the field and greenhouse. During seed priming, the
water content of the seed increases up to 35-40 per cent of its weight, enough to activate the biochemical
events, advancing seed germination processes without radicle emergence. The product of these changes
persist following desiccation and are available on re-imbibition of water, during seed planting, enabling
completion of seed germination rapidly, led to an uniform crop stand and synchronized ﬂowering/ fruiting.
Additionally, this physiological treatment induces tolerance to certain environmental stresses (Like high
temperature, low soil moisture etc), and provide invigoration treatment to partially aged seed lots. Under
invigoration, metabolic repair processes in deteriorated seeds occur before onset of seed germination process.
Priming can be achieved in several ways namely, imbibition in an osmotic solution [Poly ethylene glycol
(PEG) or manitol] that control the water uptake (Osmo-conditioning), slow addition of water to bring the
seeds to a specific water content (Hydro-priming) or mixing the seeds with a solid matrix materials like,
vermiculite or diatomaceous earth and water (Solid matrix priming). If the priming solution is fortified with
growth promoting substances or beneficial micro-organisms, which accelerate the germination or control
the disease proliferation termed as bio-priming. The key processes involved in seed priming are, the early
onset of RNA, protein synthesis and polyribosome formation. The activity of many enzymes involved in
mobilization of storage reserve is triggered or de novo synthesis of important enzymes involved in pre-
germination events occurs. On-farm priming is performed by soaking the seeds in water overnight, surface
dried and planting the seeds on the same very day. If sowing is delayed, the seeds can be re-dried and
stored, and planted as and when required. Significant yield improvements had been reported by various
workers for a number of crops. The present paper discusses various methods of seed priming, its advantages,
the physiological and biochemical changes involved and precautions to be observed.
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Improving the quality of seeds is an approach attracted considerable interest in both seed

which is likely to produce significant benefits in
almost all circumstances without any significant
increase in risk. The most valuable gains in
establishment are likely to come from improving
seed quality and then integrating these benefits
with the improvements that can be gained from
other cultural practices.

Seed germination enhancement technologies
based on pre-sowing seed hydration have

physiological research and seed industry, where
they have been commercialized. The use of seed
enhancement technologies is not new to
agriculture and earlier practices have been
described for such treatments. Theophrastus (372-
287BC) has recommended the presoaking of
cucumber seeds in milk or water to make them
germinate quicker and better. Oliver de Serres
as early as 1600 has brought out the uses of seed
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soaking in water fertilized with best manure and
dried back in shade. Another description from
the same text illustrates the use of sowing
partially dried seed which would emerge quickly
avoiding the danger of being eaten away by soil
pests or delayed by unfavourable weather

conditions.

In modern agriculture however, Heydecker's
work [1] is often taken as the starting point for
pre-sowing seed treatments. By manipulating
water relations to exploit most seed’s natural
ability to survive one or more cycles of imbibition
and drying, subsequent germination is made
faster and more uniform which Heydecker
distinguished as the advancement and priming
response, respectively. In recent years, however
the term priming is commonly used to describe
seed pre-sowing hydration methodologies without
any discrimination, as to how and where seeds
are imbibed and by whatever means [2-5].

Priming is a process in which seeds are
imbibed either in water or osmotic solution or a
combination of solid matrix carrier and water in
specific proportions followed by drying before
radicle emergence.

METHODS OF SEED PRIMING

Fundamentally, three strategies are used to
deliver and restrict the amount of water and
these are; submersion in solutions of osmotica in
water, mixing with moist solid particulate
material and hydration with water only. The
extensive reviews by Welbaum and co-workers
[6] and Mc Donald [7] provide useful information
on the recent modifications of these techniques
and the crops in which these methods have been
successful.

Osmopriming
Osmotic priming of seeds also known as
osmopriming or osmoconditioning describes
Waﬁou of seeds with aerated solutions of low
water potential which are rinsed off afterwards.
Mannitol or inorganic salts such as those of
potassium or calcium (Chloride, nitrate,
dihydmgen Phosphate) have been used
extemiwly as osmotica but because of their low

molecular size these are capable of being
absorbed by the seeds. In some cases this ig
associated with toxic side effects. Heydecker and
co-workers [1] first suggested the use of
moderately high molecular weight polymers such
as poly ethylene glycol (6-8 Kda) whose large
size precludes it from entering the seeds and
since then it has become the most common inert
osmoticum used for osmoconditioning by
researchers and seed industry. Care must be taken
to ensure adequate gas exchange by constant
vigorous aeration or using stirred bioreactors [7]
Some seeds particularly onion osmo-primed
satisfactorily only in air enriched with oxygen
Rowse and Mckee [8] introduced an improved
version of osmopriming using semi-permeable
membrane which they called membrane priming
where the seeds are separated from the
osmoticum contained in the outer jacket of a
rotating tube. This device works better for small
seeded flower species and for seeds with
mucilaginous coats that can cause difficulties in
other priming methods.

Hydropriming

Priming in pure water is termed hydropriming.
Here water uptake can be either controlled or
non-controlled. Non-controlled water uptake
includes those methods in which water is
available freely to the seeds and not restricted
by the environment. Therefore water uptake is
governed by the affinity of the seed tissues for
water. Common techniques include imbibing
seeds on moistened blotters or soaking seeds in
water. Soaking by submerging seeds in water can
be performed with or without aeration [9]. Since
water is not limited, seeds germinate if they are
viable and non-dormant, so also depending on
the availability of oxygen and a suitable
temperature. Therefore the process must be
arrested at a specific time in non-controlled water
uptake systems to prevent the onset of phase IlI
of germination - water uptake pattern is generally
triphasic with an initial rapid uptake known as
imbibition (Phase 1) followed by a lag phase
(Phase 1I) and then the second rapid increase in
water uptake resulting in radicle emergence
(Phase 1II) [10]. Seeds are desiccation tolerant
during the first two phases but becomé
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desiccation sensitive during phase 11l. Each phase
of water uptake is controlled by water available
to the seeds.

-
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In controlled water uptake, water availability
or water potential is regulated thus preventing
the completion of germination. Water potential
is the algebric sum of osmotic, matric and
pressure potentials. In hydro priming, controlled
hydration is achieved by adding calculated
amount of water to a given seed sample of
known weight and moisture content. On a
commercial scale, controlled hydration by drum
priming elevates seeds to the desired moisture
levels by applying given amount of water with
time [11]. The duration of drum priming
depends on the absorptive characteristics of the
particular species and seed lot and on the desired
seed moisture content of the finished product
[12]. In one type, the priming drum is placed on
the top of a scale which determines the seed
weight increase created by a constant influx of
water. The scale must be sensitive enough to
determine small increments in weight caused by
the addition of water in comparison with the
weight of the apparatus itself. After the seeds
have achieved the desired weight the hydration
phase is complete. Hydrated seeds can be
incubated for a desired period required of
priming. Another method of drum priming
system controls the seed hydration by the time
interval and volume of water application [13]. A
preset volume of water is injected during each
cycle as regulated by a timer attached to a
solenoid valve. Dividing the total volume of
water required by the preset water injection
volume establishes the number of cycles of

_ injections. The water absorption pattern of a

~ particular species and cultivar must be known

i 3 I
~ so that the time set between water injections

~ the desired water content, they can be maintained

allows no free water to be left before the next
water injection. After the seeds have attained

_ in this condition, for a specific period to complete
%_-;the priming process.

Solid Matrix Priming or Matriconditioning

~ This is a method more recently introduced where

tlae seeds are soaked in an aqueous suspension
of such solid materials, as ground lignite coal

Seed priming and fortification 3

substances, vermiculate, press mud, diatomaceous
earth, hydrous silicate clay or calcined clay. The
quantity of solid particulate required per given
mass of seeds is dependent on the water holding
capacity of the material and the ability to remain
friable throughout the process. Therefore the
solid particulate acts as a means initially to hold
large quantities of water releasing it slowly to
the seeds when the latter is incubated with the
moist carrier. The proportion of seed to solid
particulate matter to water is determined on an
empirical basis. Seeds slowly imbibe to reach an
equilibrium hydration level determined by the
reduced matrix potential of water adsorbed on
the particle surfaces, and after the incubation, the
moist solid material is removed by sieving. In
this approach, adequate aeration is ensured to
prevent the formation of temperature gradient in
the seed mass. The surplus matrix can be
removed without mechanically damaging the seed
or leaving too much of dust on it.

Biopriming

Several researchers have investigated the use of
beneficial microorganisms in the priming medium
to control disease proliferation during priming
itself. Warren and Bennet [14] added Pseudomonas
aureofaciens as a biological control organism in
combination with osmopriming treatment to
control Pythium ultimum in tomato seedlings.
Similar effects can be obtained by the other
priming methods.

Besides biopriming, many studies reported the
benefits of fortification of the priming medium
with gibberellins, ethylene, cytokinins such as
benzyl adenine. Adding such plant growth
regulators during priming improve the
germination performances of some species or seed
lots. Addition of promotive compounds to seeds
during priming can be advantageous in other
ways too. Growth retardants have been
advocated to dwarf the growth habit of
transplants such as bedding plants which tend
to develop an etiolated growth habit if grown in
low light environment. Machado and co-workers
[15] reported that priming of tomato cultivars
with a triazole produced shorter green and more
uniform seedlings with stronger and thicker stems
and higher root shoot ratios than non-primed
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controls. Pill and Gunter [16] found similar
dwarfing  response in marigold .‘il.'ll'd!-i
matriconditioned with paclobutrazol. f\ldd{np,
GA, to soybean sceds during osmoconditioning
imﬁroved percentage germination and emergence.
Lorenz & co-workers [17] and Bradford & co-
workers [18] combined seed priming fungicides
and anticrustants to hybrid muskmelon seeds and
achieved earlier emergence and adequate plant
densities for acceptable yield. Parera and
Cantliffe [3] reported that Shrunken-2 sweet corn
seeds had improved cold test performance, if
primed with sodium hypochlorite (Solid matrix
priming reduced fungal invasions).

On-farm Priming
Dr. Dave Haris, since 1996, had led a multi
country research group to develop test and
promote on-farm seed priming. This is a simple
technique, in which seeds are soaked in water
before sowing and results in average yield
increase of around 30 per cent in many crops.
This method has been adopted by thousands of
resource-poor farmers for many crops eg., upland
rice, maize, wheat, barley, sorghum, pearl millet,
finger millet, chickpea, mungbean, cowpea etc.
In many countries in both Asia and Africa.
Recent research has shown that seed priming can
be used to increase yield further, about 30 per
cent by overcoming soil micro and macro nutrient
deficiencies and improving disease resistance.
Research in eastern India, Nepal and Bangladesh
has shown that adding rhizobia to the water used
to prime legumes is as effective as using more
expensive and complicated seed coating methods,
and easy to be adopted by farmers. In Pakistan,
maize seeds soaking, prior to sowing, in a
soh.ltion of phosphate produced 24 per cent more
grain fhaninoon'-primed crop. The cost per hectare
:;:’xe:df::::nal Phosphate is negligible. Results
rd, Priming with tiny amounts of
Phosphate solution can substitute substantia]
amounts of phosphate fertilization for resource
poor farmem, Paﬁimlarly in Africa Wh_ere soil is

a major ‘constraint for €rop growth. In the acidic
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addition of salts, such as sodium molybdate, is
expensive and is rather difficult’to 5'pread small
amounts in large areas. Substantial yield benefits
of 20-90 per cent can result fro.m. the tiny
amounts of molybdate added to priming water
Costs are negligible and this single approach has
been adopted by thousands of farmera,‘ who
otherwise were not able to grow a predictable
crop of chickpea.

Farmers can prime their own seed, if they
know the safe limit, the maximum time for whick
seeds are soaked, and which if exceeded could
lead to seed and seedling damage. These limits
are calculated for each variety so that germination
will not continue once seeds are removed from
the water. In most cases seeds can be primed
over night, surface dried and sown on the same
day. If primed seed is surface dried and kept
dry, it can be stored for several days; sown as
usual and still perform better than non-primed
seeds. Research suggests that some of the efforts
of on-farm seed priming can be gained by more
sophisticated seed bed preparation and sowing
methods. For example, mechanical plantation that
ensures good seed-soil contact encourages good
establishment. The results of over a thousand on-
farm trials in paired plots for maize, rice,
chickpea and wheat show that seed priming is
good insurance for the farmer. There have been
almost no negative effects on the Crops; in some
cases no effect at all has been observed, and

whereas, in most cases there have been profound
benefits.

Participation in technology development
through the Indo-British rain fed farming project
in parts of Gujarat, Madhya Pradesh and
Rajasthan has empowered farmers to the extent
that the farmers in many villages, within three
years of exposure to the technology of a
participatory approach, no longer use dry seed
but use only primed seeds of maize, rice and
chickpea with excellent results.

BENEFITS OF SEED PRIMING

zhe benefits of seed Priming have been well
ocum_ented in several reviews [2,4&19]. Seeds
are primed for the following reasons:
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1) To overcome or alleviate phytochrome
induced dormancy (Lettuce and celary), to
decrease the time necessary for germination
and subsequent emergence. To improve the
crop stand uniformity, in order to facilitate
production, management and enhance
synchronisation at flowering. From a
mechanical point of view, priming enables
seeds of several species to germinate and
emerge at supra-optimal temperature,
increase in speed of germination and
uniform field emergence.

2) Emergence occurs before soil becomes fully
detrimental.

3) Crops compete more efficiently with weeds.

4) Increased control can be exercised over
water usage and scheduling.

5) Priming has been commercially used to
eliminate or to greatly reduce the amount
of seed-borne fungi and bacteria. Organisms
such as Xanthomonas campestris in Brassica
seed and Septoria in celary had shown to
be eliminated within a seed lot as a by-
product of priming.

Priming is often used as a seed invigoration
treatment for improving the germination and
vigour in low vigour seed-lots. Hence it appears
to reverse the detrimental effects of seed
deterioration i.e., repair of DNA and protein
synthesising machinery.

CONDITIONS FOR PRIMING

The success of priming is variable and dependent
on several factors. The initial seed viability or
vigour has a definite bearing on the success of
priming [20]. In pepper, osmoconditioning
improves the performances of seed lots having a
high percentage of viable seeds. Passam and co-
workers [21] and Penaliza and Eira [22] found
that hydration-dehydration treatments improved
the germination of medium quality (Not high
‘!“ﬂmy) tomato seeds, subjected to accelerated
ageing for 72 hr at 100 per cent RH and 42°C. In
Gbmai& Beed ermination and vigour were

ming high quality seeds [23]. In
ﬂﬂd Pomn &241 ep  that

..........

S

high vigour brussel sprout seeds showed the least
and low vigour seeds the most response to seed
priming. The same was true for carrot, leek and
onion seeds. Welbaum and Bradford [25] showed
that the success of priming was dependent on
seed maturity in muskmelon. Seeds harvested
after 40 days from anthesis were more responsive
than those harvested at 60 days.

The ideal priming method, moisture and
oxygen conditions necessary for optimum
priming responses are debatable. Smith and Cobb
[26] concluded that the priming response was
dependent on the duration and osmotic potential
of the solutions. Salt solutions successfully
primed tomato and carrot seeds the percentage
emergence of treated onion seeds considerably
reduced [27]. Rivas and co-workers [28] found
that KNO, primed Jalapeno pepper seeds had
earlier germination and accelerated vegetative
growth, whereas, PEG primed seeds had retarded
vegetative development. Osmoconditioning was
not beneficial to flatpea seed performance [29].

Seed moisture content has an important
bearing on priming success. In lettuce, priming
shifted the maximum temperature at which 50
per cent of the seeds germinated to a higher
value. Use of PEG prior to planting reduced the
incidence of imbibitional injury common to
Shruken-2 sweet corn [30]. Ellis and co-workers
[31] suggested that very dry seeds should be pre-
humidified to 9-10 per cent moisture content to
avoid imbibitional damage. Chowdhury and
Choudhuri [32] reported that pre soaking of jute
seeds for 3-6 hr followed by dehydration than
those for longer duration (12-24 hr) had the least
damage on germination and early seedling
growth.

The oxygen content during priming influences
subsequent germination and seedling
development. Bujalski and co-workers [33] and
Bujalski and Nienow [34] reported that using
enriched air with 75 per cent O and 25 per cent
N ratio to aerate onion seeds in PEG solution
provided the same number of normal seedlings
as untreated seeds germinated on filter paper.
But priming of muskmelon seeds in water under
high oxygen content (>50%) decreased

germination [35]. As a seed lot becomes over-
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~unacceptable for high
practice. It is therefore

preferably avoid these

ficant oversight as the
iming can be lost by
‘handling [4]. The rate
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rmination can dramatically reduce seed
longevity [41]. The storage environment has ;
profound effect on primed seed efficacy and
longevity. Results of longevity after priming are
inconsistent which may be partially attributed to
the storage conditions (Temperature, RH/
moisture content and time of storage). Storage
studies were performed on primed and non-
primed tomato seeds aged at 42°C and 92 per
cent RH for 15 days [42). Prior to ageing, seeds
germinated faster than non-primed seeds;
however no differences in germination rate were
measured between treatments aged for 6 days.
If aged for more than 6 days, primed seeds
performed poorly as compared to non-primed
(Control) seeds. Here 6 days of ageing was
considered the transition point between the
beneficial effects of priming and deleterious
effects of ageing. These conditions are crop and
species specific and hence blanket rules cannot
be followed. Efficient methods to predict seed
lot performance to priming and dehydration
required a series of empirical treatments.
Recently, various treatments imposed after
priming but before dehydration have been
reported to improve seed longevity in storage
[43]. The most effective treatments included both
a moderate reduction in seed moisture contents
and short periods of incubation at elevated
temperature [41, 43 & 44]. Seed longevity in
storage was reduced by rapid dehydration
following a period of hydration. A reduction in
seed moisture content or exposure to elevated

physiological or molecular changes that would
render the seeds more resistant to deterioration
during storage.
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germination and better field emergence, which
have potential agronomic implications, notably
under adverse germination conditions |[5].
Optimization of such treatments actually rests on
carrying out subsequent germination assays,
which only provide retrospective indication of the
effectiveness of the priming conditions. Therefore
there is strong interest in identifying biochemical
and molecular markers of germination and
priming for use by the seed industry [47]. A few
processes already described to play a significant
role during seed priming includes cell cycle
related events [48], endosperm weakening by
hydrolase activities [49, 50] and mobilization of
storage proteins [51].

Germination sensu stricto consists of many
processes, some can be completed whereas,
others may have been started notably during
priming. The relationship between endosperm
cap weakening (The degrees of B-mannanase
activity) and the time of germination after
priming has been studied in tomato [6]. Primed
and re-dried seeds develop internal free space
between the embryo and the endosperm and the
most rapidly germinating seeds have the most
extensive free space, observed non-destructively
using X-ray-radiography [52] and a germination
specific f-mannanase gene is expressed in the
micropylar endosperm cap region [53]. A strong
correlation has been found during osmopriming
between lowering of the mechanical restraint, the
increase in B-mannanase activity and the
appearance of free space which was taken to
reflect cell wall hydrolysis [54].

Sung and co-workers [55] found that the
endosperm in thermo tolerant cultivars of lettuce
had a lower resistance to puncture than thermo
sensitive ones and priming reduced the initial
force necessary to penetrate the seed and the
endosperm in several genotypes. Evidences
support that seeds from thermo tolerant lettuce
genotypes had higher endo-mannanase activity

before radicle protrusion at 35°C than the thermo

sensitive ones. Enzyme activities increased during
Priming of thermo sensitive varieties and

therefpre might be used as an indicator of

Priming effects [56]. In dry seeds, for example,
tomato and pepper, most ‘embryonic nuclei are

- in quiescent pre-synthetic GI phase with 2C

amounts of DNA, de Castro and co-workers [48]
have shown that during imbibition DNA synthesis
starts in the radicle meristem tips before cell
expansion begins thus entering the G2 phase with
4C DNA. Detailed studies of cell cycle events in
tomato pepper and sugar beet using flow
cytometry and other techniques have shown that
the beneficial effects of priming are associated
with the onset of replication and DNA synthetic
processes in the radicle meristem nuclei leading
to cells stably arrested in the G2 phase after
drying. Along with DNA replication occurs the
accumulation of B-tubulins which is yet another
marker of cell cycle activities in the germinating
seeds. Hydration of tomato seeds (Under a range
of moisture contents) has shown that B-tubulin
accumulation can occur around 29 per cent
moisture content, whereas, DNA replication
requires a minimum moisture content of around
34 per cent [57].

Extensive studies in tomato seed lots have
shown that the water potential and priming
temperature greatly alter the priming effects, for
example, tomato seeds were subjected to priming
at 25°C, and a water potential of -1.5Mpa, a
positive linear relationship was found between
the frequency of 4C nuclei and the improvement
in subsequent germination time. At higher
temperature and water potential (>25°C and
—2Mpa) germination rates were improved without
generating any increase in 4C signals [58]. Also
there was no consistent relationship between the
frequencies and rates in cauliflower seeds after
aerated hydration or osmopriming [59]. Lanteri
and co-workers [60] investigated the expression
of B-tubulin in the root tips of pepper seeds as
a complementary marker for priming. de novo
synthesis of B-tubulins in response to priming
was observed prior to DNA replication after
osmopriming for different durations at two water
potentials. This observation indicates the
possibility of using B-tubulin expression as an
additional parameter to differentiate the
effectiveness of priming treatments that do not
induce nuclear replication.

The oligosaccharides are involved in
stabilizing the membranes and protein structure,
and in promoting the formation of highly viscous

glassy state in the cytoplasm of dry seeds [61].
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es in -pitgagagc_hmide proteins  during the incom;?lete hydra‘tinn

' h the improved resulting from soaking of seeds in PEG solution.
o In the absence of osmotic stress these hsps decline
quickly during germination. Thus these specific
proteins help as markers to study the priming
effect.

Priming Induced Repair Processes in Low Vigour Seeds

Reversal of seed deterioration by priming
generally occurs in the meristamatic axis or the
radicle tip. Silvritepe and Dourado [67] found
that controlled humidification of aged pea seeds
to 16-18 per cent prior to sowing decreases
chromosomal aberrations, reduces imbibitional
injury and improves seed viability. Rao and co-
workers [68] reported a reversal of chromosomal
damage with partial hydration of lettuce seeds
by osmopriming to 33-44 per cent moisture
content. Priming also appears to influence
germination metabolism in aged axes more than
those of non-aged axes. In sweet corn osmo and
matriconditioning  resulted in decreased
conductivity, free sugars and DNA content,
whereas, the RNA content increased [69]. Natural
aging of french bean seeds, stored up to 4 years,
showed membrane disruption and leakage of UV-
absorbing substances which was ameliorated by
hydropriming [70, 71]. Lower electrical
conductivity following hydropriming indicated
reduced membrane leakage for egg plant and
dish [72] and onion [73] seeds. These beneficial
béﬁ__ldue'. to the flushing of solutes from
ring the priming procedure. As a
eeds often perform better in

nd faster germination which
of opportunity for fungal
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FUTURE NEEDS

Developing a complete priming protocol must
address the balance between germination
dvancement and reduced seed longevity.
ttempt to attain the most rapid germination
om priming must be weighed against the
enhanced liability of this pre-sowing treatment.
Post treatment drying and shelf-life problems

d be tackled to ensure consistent
ance over a wider range of storage
ns. The challenges of technology to
seed performance, provides an
ty for more in-depth studies on
cal and biochemical changes that occur

' Beed treatments. Physiological,
; and bmphysxcal markers are needed

_ ;mssxon pattems or the
specific gene inactivation and
to their fmﬂtioh’s. Proteomics

ng smultaneous

1 '_de of processes. One
3 'jmxtcomes frOm usmg the
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