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Chapter

Seed Priming: An Interlinking 
Technology between Seeds, 
Seed Germination and Seedling 
Establishment
Sananda Mondal and Bandana Bose

Abstract

Biologically seed is a small embryonic plant along with either endosperm or 
cotyledons, enclosed with in an outer protecting covering called seed coat. During 
the time of seed development large metabolic conversions take place, including 
proper partitioning of photo-assimilates and the formation of complex polymeric 
forms of carbohydrate, protein and fats for storing as seed reserves. In developing 
phase of seeds, every detail information stored in the embryonic plant are geneti-
cally and sometimes epigenetically also predetermined and influenced by various 
environmental/external factors already faced by the mother plant. In the growth 
cycle of plants, seed germination and seedling establishment are the two critical 
phases where survivability of the seedlings in natural habitats is a matter of ques-
tion until the onset of photosynthesis by the established seedling. The various 
sequence of complex processes known to occur in both the phases i.e., an array of 
metabolic activities are initiating which eventually leads to the renewal of embryo 
growth of the dormant seeds and ultimately seedlings are established. Efficient 
seed germination is an important factor for agricultural sciences and successful 
establishment of germinated seedling requires a rapid and uniform emergence and 
root growth. With these aspects of seed physiology kept in mind the present chapter 
will be designed in such a way where, a gap filling, inter linking, eco- and farmers' 
friendly technology i.e., ‘seed priming’ (a pre-sowing partial hydration of seeds) 
will be considered to improve the rate and uniformity of germination and seedling 
establishment. Under optimal and adverse environmental conditions, the primed 
seeds of diversified species lead to an enhanced germination performance with 
increased vigor index has been reported by various scientists which indicates a good 
establishment of seedlings in the field and thereafter enhance the performance of 
crops as a whole.

Keywords: seed, seed development, seed germination, seedling establishment,  
seed priming

“It’s not dead, it’s resting.”

–Monty Python.
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1. Introduction

1.1 Seed and its botany

The seed is a carrier of genetic informations gathered from the past as memory 
molecules and pass it on future generation of the plants. The natural packaging 
of all the genetic wisdom within a embryo of any seed is itself a wonder for long 
periods of time during germplasm collections. In the language of biology, seed is an 
embryonic plant surrounded by outer protective covering. Embryo is an immature 
diploid sporophyte developed from a single cell zygote which is covered by nutri-
tive tissue i.e., endosperm in monocots, cotyledon in dicots and in few exceptional 
cases perisperm which is enveloped by seed coat (testa and tegmen). If we consider 
the parts of embryo then it consists of an embryonic root called radicle, embryonic 
shoot known as plumule, contains immature shoot apical meristem, one or more 
young seed leaves i.e., cotyledons and epicotyl. In a miniature form it also consists a 
hypocotyl which is a transition region between stem and root [1, 2].

A ‘seed’ can be defined as any parts of plant if sown in the field should have the 
potential to regenerate into a new plant [3]. The first critical step of crop production is 
successful establishment of seedling, and be a determinant factor of the success or fail-
ure of the harvested crop. Due to changing climatic conditions, the uncertainty of crop 
failure is increasing day by day, in this situation to produce quality seeds and maintain 
the food security of any nation is an issue. For the production of any crop, seed quality 
is an essential parameter from resource-poor farming to industrial-scale farming. A 
detailed study is required in terms of sustainability and profitability of crop production 
with a widely accepted and critically important agronomic trait i.e., seed quality. Most 
of the crop seeds are tolerant to desiccate condition for examples, orthodox seed are 
those seeds, can tolerate desiccation and are storable in a dry state for variable periods of 
time, according to the species. The world-champion orthodox seed is the 2000-year-old 
Judaean date palm (Phoenix dactylifera) seed that was successfully germinated in 2005 
[4, 5]. It is an easy process for transportation of seeds in this ‘dry’ state with a minimal 
loss in germination potential. The embryo of a seed is a vital pocket where all the genetic 
information of any crop is stored and act as a delivery system for agricultural biotech-
nology and crop improvement. For the protection of their investment in crop improve-
ment, seed companies require high quality of seeds to get the maximum benefit while 
sown in the field. In addition with the purpose of seed companies, the requirement of 
the farmers to ensure the reliability and successful seedling establishment in their field 
and get a good return. The readily measureable characteristics of seed quality includes 
seed viability, purity of the seed lot, health, and mechanical damage, but another 
essential component is more enigmatic trait of seed vigor as reported by Perry [6].

The present chapter has been prepared on the basis of seed germination and 
seedling establishment where, an alternative interlinking, gap filling, cost effective, 
environment- and farmers’ friendly technology i.e., ‘seed priming’ (a pre-sowing 
partial hydration of seeds) will be considered which has an immense role to improve 
the speed and uniformity of seed germination and seedling establishment with a 
good vigor of crop plants.

2. Development of seeds

Development of seeds is an unique attribute for plants reproductive phase, gives 
them privilege to perpetuate the genetic as well as acquired epigenetic informa-
tion, generation after generation. Acquiring the knowledge from their mother 
plant the miniature embryonic plant behaves accordingly and protect themselves 



3

Seed Priming: An Interlinking Technology between Seeds, Seed Germination and Seedling…
DOI: http://dx.doi.org/10.5772/intechopen.100804

against various environmental atrocities, in their whole life span. Physiologically, 
the development process of a seed is a combined effect of two complex processes 
i.e., the development of embryo and endosperm is known as embryogenesis. 
According to Taiz et al. [5] the term embryogenesis narrates a process in which 
a single cell is transformed into a multicellular entity with a characteristic, but 
typically rudimentary, organization. Within this framework, groups of cells become 
functionally specialized for the formation of epidermal, cortical, and vascular 
tissues. Embryogenesis is a linking point between the two phases i.e., gametophytic 
phase and the differentiation of the sporophytic phase by forming shoot and root 
meristems. At the initial phase of embryo development, the unicellular zygote 
elongates and makes a polar structure before dividing and establish a body plan of 
an embryonic plant along with all acquired information to survive in normal and 
adverse climatic condition in future and remain as a conserved, arrested phase 
within the seed for many years. In dicot seed development, majority of the seed 
volume is occupied by embryo as cotyledons at the time of maturity where the 
endosperm part is consumed by the embryo during this period of seed develop-
ment. While studying the monocot seed’s structure, it was observed that monocot 
seeds containing different structural form in comparison to a dicot seed, having 
a starchy endosperm, occupied most of the spaces inside the seed coat along with 
an embryo which is positioned at the ventral side of a seed. Moreover, the seed 
is fully covered with an envelope or seed coat. In addition, seed is an important 
storage unit and serves nutrition during the time of germination and up to seedling 
establishment phase as well as supply nutrition to animals and humans in the form 
of healthy diet [5, 7]. Seed maturation is a key period in a plant’s lifecycle allowing 
for distribution of offspring in space and time. Events occurring during maturation 
include storage reserve deposition, desiccation, dormancy induction, seed coat 
formation, and protective compound synthesis. The spatial and temporal regulation 
of these processes involves the concerted action of a signaling network consisting of 
hormonal, transcriptional, and metabolic components, which will help in germina-
tion process and to concur a good vigorous growth [8].

The seed development process can be divided into four phases where it begins 
with the fertilization of ovule and ends up with physiological maturity of seeds. In 
first two phases of seed development viz. Phases I, only cell division and expansion 
occur (Morphogenesis phase). Accumulation of reserves takes place in Phase II as 
the dry mass of seeds increases (Maturation phase). In addition, the end phase of 
seed development is the desiccation phase where seed moisture loss is intensified 
(Phase III i.e., desiccation phase) [5]. In the reproductive phase of plants, after the 
fertilization process is over, there is a period to form the structure of seed and as 
a result cell division, cell expansion and differentiation (histo-differentiation) is 
observed in which primordia are formed and parts of the embryo can be visualized 
in future. During this phase, the embryonic cells receive assimilates from the parent 
plant and as a result there is a significant increase in seed size along with this the 
moisture content of seed remains constant and high in this phase. At the end of 
the maturation phase, there is a significant decrease in seed moisture content was 
observed when cell membrane structure organization is changed and increases in 
enzyme synthesis was taking place and the seed become metabolically inactive by 
the changes of plant growth regulator takes places within the cell and they enter 
dormancy, for successful germination in the next season [2]. Between the embryo-
genesis and seed germination there is typically a period of seed maturation which is 
followed by quiescence, where seed dissemination occurs. Germination is delayed 
until the favorable conditions i.e., water, oxygen, and temperature will arise prop-
erly, required for seedling growth. Some special seeds are there where an additional 
treatment, like light or physical abrasion is a requirement, before their germination. 
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Whereas, germination comprises all the events which take place between the start 
of imbibition of the dry seed and the emergence of the embryo, basically the radicle 
by rupturing the seed coat [5].

3. Seed germination and seedling establishment

Seed germination is a critical phase of plant life cycle as this process initiate a 
new life [9–11]. This phase of plant’s life of any species is a determining factor that 
germinating new seedling will survive or not in natural habitat. After completion of 
maturity phase of seed development, seed undergoes in dormancy phase, consists 
of an embryonic plant and a nutritive storage tissue which can be utilized during 
the time of germination and seedling establishment till the onset of photosynthesis 
by the seedling. ‘Germination’ is a complex process and it is a combination of both 
physical and biological processes which starts with the imbibition and ends up with 
the protrusion of radicle where an array of metabolic activities are initiated that 
leads to the reactivation of the growth of dormant embryo and finally establishes 
the seedling. During the onset of germination, several sequential events are going 
on continuously that are triggered by some endogenous factors like the information 
acquired from mother plant during the time of seed-development process as well as 
depends on some external environmental factors like water, air, temperature, soil 
condition etc. For example, Stellaria species growing in dry grasslands and in shady 
deciduous forests are able to germinate some seeds, while those growing in open 
forest show complete dormancy during maturity in early summer [12]. Similarly, 
in Nothofagus species increasing the altitudinal gradient the seeds that produce may 
vary considerably in their germination [13]. Study demonstrates no significant 
result in terms of phylogenetic signal for the germination of Caragana species. 
Seeds of species from arid and semiarid habitats lacked dormancy, seeds of species 
from semi-humid habitats had physiological dormancy or physical (seed coat) and 
physiological dormancy, while seeds of species from humid habitats had physical 
and physiological dormancy. Climate change will definitely affect the germination 
of seeds, and subsequently recruitment of plants and population dynamics [14].

Germination of seed is an important process for successful seedling establish-
ment, as it is a junction point from where reverse back is not possible. Once the ger-
mination has commenced, consumption of accumulated storage reserves was begins 
which is essential for the seedlings to produce energy and ensure the heterotrophic 
growth [15–17]. The reserve mobilization phase takes place prior to greening of 
the cotyledons and as a results depletion of storage reserves, which shift the newly 
germinating seedling from heterotrophic to autotrophic metabolism, required for 
successful establishment of seedling [18–19]. Instead of high impact of seedlings 
performance on crop establishment and seed yield, relatively very little information 
is available about the molecular processes necessary for the transition phase from 
seed to seedling, and/or shifting from heterotrophic to (photo) autotrophic growth 
of seedling. This is a decision-making transition phase for any plants to enter into a 
natural or agricultural ecosystem which is important for crop production. To reach 
the phototrophic state, the seed-to-seedling transition stage is regulated by various 
temporally and spatially employed regulatory factors. These regulatory factors are 
the controlling unit able to modulate the genes and proteins, may be responsible for 
seedling establishment. The two distinctive developmental states of germination 
physiology, i.e., germination and seedling development’s gene expression network 
depicted the global transcriptional interactions. Moreover, this transition stage is 
characterized with an agronomic trait of seedling establishment and vigor, one of 
the major aspects in agriculture as revealed by Silva et al. [20].
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1. In seed germination, uptake of water by seeds is a triphasic process: phase I 
is characterized with a rapid initial uptake of water i.e., the physical process 
imbibition. Moreover, Fait et al. [15] revealed that in Phase I there is no visible 
morphological changes was observed, and it is specified as preparation phase 
for the protrusion of radicle so various kinds of metabolic activities are going 
on within the seed. Phase I is followed by plateau phase (phase II) where water 
content is remaining constant but the metabolic activity increases. Protrusion 
of radicle by rupturing the seed coat, is an embryo-protecting structure acts 
as a morphological marker to define the end of phase II, and further a sharp 
increase in water uptake (phase III) was observed as the embryonic axis elon-
gates and the embryo established itself as a young seedling [21].

4.  Seed priming as connecting link between seed germination and 
seedling establishment

Seed priming is an innovative, delicate and complex alternative option for the 
overall improvement of germination physiology as well as many traits during the 
period of plants life cycle [22, 23]. Seed priming, pre-activate the physiological 
metabolic processes of a seed that triggers the germination process by imbibing 
the seed up to a certain level. In priming, the imbibition should be halted precisely 
at a right time; this time depends on the species, genotype, and the types of seed 
and has to be dried carefully under the fan/forced air retaining the original weight. 
Different kinds of seed priming techniques are applied now a days in various crop 
plants where various priming agents like osmoregulators, salts, plant growth regu-
lators, biopriming agents, magnetic waves, nanoparticle, macro and micronutrients 
including water are extensively used according to the specific problem associated 
with the crop’s genetic makeover as well as to survive in the multifarious environ-
mental conditions. With special reference to seed germination, if a graph is plotted 
between seed water content (imbibition/osmosis) and time among the non-primed 
and primed seeds in three subsequent phases in a stepwise manner it was observed 
that the first phase of germination represented by the entry of water in the seed 
via imbibition; is same for both the cases. Second phase (phase II) represents the 
hydration process in case of nonprimed seeds. Whereas in case of primed seed, this 
hydration treatment permits restricted imbibition and induce the pre-germinative 
metabolism (“activation”), but emergence of radicle is prevented. The last phase 
(phase III) represents the germination and post-germination processes which 
resembles each other i.e., in both primed and non-primed seeds [24]. In context to 
this, Ruttanaruangboworn et al. [25] reported that the pattern of rice seed imbibi-
tion was affected by KNO3 concentration. Higher the concentrations of KNO3, 
delayed the time of imbibition of rice seed which took a longer time to reach the end 
of phases I and II as compared to lower concentration. While using distilled water to 
see the imbibition pattern, it was quite similar in both rice cultivars. Seeds, primed 
with 1% KNO3 during imbibition time of early phase II, improve the seed germina-
tion and increased both the speed and uniformity of seed germination.

Seed priming is of different type based on the priming agents used for this 
purpose, namely hydropriming, osmopriming, halopriming, hormonal priming, 
nutri-priming, bio-priming, matrix priming, nano-priming, magneto-priming 
and many other. It can be depicted like hydro-priming (continuous or successive 
addition of a limited amount of water to the seeds), osmo-conditioning or osmo-
priming (exposing seeds to relatively low external water potential), haloprim-
ing (pre-sowing soaking of seeds in salt solution), hormonal priming (priming 
solutions containing limited amount of plant growth regulators or hormones), 
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nutri-priming (seeds are soaked in solutions containing the plant growth-limiting 
nutrients instead of being soaked just in water), bio-priming (coating of seeds with 
biocontrol agents), redox priming (it represents the redox state of cell and regulates 
the key processes in growth and development as well as stress tolerance in response 
to any external stimuli; plants modify their redox state, and the extent of change is 
dependent on the nature of the stimulus itself, the dose and the time to which the 
tissue is exposed), solid matrix priming (mixing seeds with a solid or semisolid 
material and measured amount of water), and pre-sowing soaking (soaking of 
seeds either in water or in any solution of low water potential before sowing) [26]. 
For instance, Bose and Tandon [27] depicted that priming can induce the seed ger-
mination by improving the speed and synchronization of germination; it can also 
increase the seed vigor which requires a very short span or no activation time during 
germination. A wide range of temperature for germination was experienced by 
Anaytullah and Bose [28] in wheat, which can help to break the dormancy, or may 
shorten the emergence time with improved seedling vigor in rice [29] and this leads 
to a better crop establishment with higher yields in rice [30]. The phase I of prim-
ing represented the activation of priming memory molecules, repairing of DNA 
and mitochondria, increase the respiration, and energy metabolism process, ROS 
signaling and antioxidant mechanism, transcription and translation of different 
genes, initiate the cell cycle, and induction of stress response gene like LEA, DHY, 
AQP, and hormone signaling [31]. In seed priming case, Phase II of germination 
involved in second rehydration and protein synthesis by using newly synthesized 
mRNA in phase I. Phase III is denoted as postgermination phase; the events taking 
place in this phase are stored reserve mobilization, elongation of radicle cells, and 
ultimately at the end of this phase, radicle is emerging out by rupturing the seed 
coat [31]. However, Dahal et al. [32] observed that if the seeds were pre-treated 
with different priming agents, it facilitates the absorption process of ionic mol-
ecules actively with greater availability of ATP and repairing of deteriorated seed 
parts was also noted by reducing the leakage of metabolites which leads to faster 
growth of embryo. Greater cellular membrane integrity along with counteraction 
of free radical and lipid peroxidation reactions [33], was also reported as a positive 
effect of seed priming; in addition to this, reactive oxygen species (ROS) chain 
reaction are mostly found to be directly correlated for the maintenance of viability 
and reduce the moisture uptake by hydrated-dehydrated seed [34], antipathogenic 
effects [35], repair of biochemical lesions by the cellular enzymatic repair system 
[36] and metabolic removal of toxic substances [37], biochemical changes such 
as activation of enzymes [38], and rate of germination of old seeds was increased 
[39, 40]. Several scientists depicted that seed priming promotes early replications 
of DNA, increased the synthesis of RNA and protein and enhanced the growth of 
embryo [31, 41]. Seed priming is an important viable technology for enhancing 
uniform and rapid emergence of seedlings and high seedling vigor with a better 
seed yield in some of the field crops like rice, wheat, maize, chickpea etc. was also 
reported [42–45].

5. Seed priming and seedling establishment

Successful establishment of seedling is a paramount contributing facet for many 
developing countries due to low crop yield/production [46]. In most of the develop-
ing countries the irrigation facility are not available properly and the crop produc-
tion is mostly based on rain fed cultivation; as a result water scarcity is there during 
the time of seed germination and seedling establishment. According to Fischer and 
Turner [47] high speed and uniform germination of seed under water deficiency 
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is a determinant factor which affect the crop establishment. However, if the effect 
of stress can be omitted during the time of germination phase, there will be high 
chances to attain a good crop establishment [48]. Seed priming is an alternative, 
eco- and farmers’ friendly pre-sowing technology promotes the seedling develop-
ment by modulating and regulating the pre-germination metabolic activity prior to 
emergence of the radicle and ultimately increases the germination rate and seed-
lings performance [29].

In continuation with this, Arabidopsis is taken as a model plant to study the 
functional genes involved in seed germination extensively. In this study, Arabidopsis 
mutant was taken into consideration [49–52]. Some of the mutations slow down 
the germination of seed but do not significantly arrest it. These phenomena may 
take place due to the mobilization of storage reserves of seeds accumulated during 
the time of seed maturation and as a result of, a significant reduction in oil reserve 
content [50, 53, 54]. Whereas, another experiment with a Arabidopsis mutant 
depicted that it was deficient in plastidic pyruvate kinase (pkp1) activity as a result 
the germination of seeds was delayed and, consequently, it can be said that seedling 
establishment is not only affected by mobilization of reserves accumulated during 
seed development, but reduced pyruvate kinase activity was also a determinant fac-
tor during germination [55]. In addition, an integration of metabolite and transcript 
status is required during the time of phase transitions i.e., from seed to seedling. 
Moreover, Borisjuk et al. [56, 57] stated that elevated levels of glucose or sucrose are 
associated with seedling establishment. For instance, the other metabolic processes 
of a cell are also working in a high carbohydrate contents state, which may play an 
important role in seedling establishment [58]. In addition, sugar pathways are also 
linked with nitrogen pathway via cross-talking mechanism and playing a vital role 
in seedling establishment [59].

The major transportable form of nitrogen in plants is amino acids [60, 61] and 
the plant’s growth is also dependent on the supply of nitrogen, assimilation and its 
utilization [62]. According to Zheng, [63] the gene responsible for the synthesis of 
carbohydrate and proteins are modulated by the balance between C/N and it is a 
decision-making factor. Likewise, during heterotrophic to autotrophic transition 
the metabolic regulations extend beyond the primary metabolism. Moreover, the 
identification of primary metabolites involved in gene expression is possible, by 
studying their expression pattern of specific genes [64].

For the priming of seeds, mainly in case of halo- and osmo-priming different 
low water potential chemical solutions are used where PEG, NaCl and various 
salts can be taken as priming agents. From these solution seeds can uptake various 
nutrients along with the water during the time of imbibition. These nutrients are 
required for metabolic activities at the time of germination and seedling estab-
lishment in the field and thereafter enhance the performance of crops as a whole 
[65–67]. These nutrients while going inside the seed may act as a secondary signal-
ing element and enhance the metabolic activity during germination and make it 
faster as compared to non-primed seeds. Various scientists when compared the non-
primed seeds and primed seeds of rice, wheat and mustard, then they observed that 
seed priming have the capacity to enhance the seedling establishment and seedling 
vigor, i.e., density of plants, fertile tillers number, test weight, number of grains per 
panicle, etc. in the field condition [65, 68].

Ghassemi-Golezani et al. [69] while studying the early emergence and stand 
establishment of lentil (Lens culinaris Medik) noted that these parameters are 
playing a vital yield-contributing factors in rainfed areas. To mitigate the problem 
of rainfed cultivation a seed invigoration technique can be used for lentil seeds; 
i.e., lentil seed are primed with water (hydropriming) and NaCl (osmo-priming) 
and resulted in higher seedling emergence and field establishment, as compared 
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to non-primed seeds and primed with PEG and KNO3. The rate of seedling emer-
gence was also improved in primed seeds with water, NaCl and KNO3. Therefore, 
they concluded that hydropriming is a very simple, low cost and environmentally 
friendly technique for the betterment of seed and seedling vigor of lentil.

Germination and subsequent seedling growth of many springs sown legume 
varieties, can be inhibited by different genetic and environmental factors depend-
ing upon the species and varieties. Under drought condition, priming may be a 
beneficial technology to reduce the risk of poor stand establishment and it allows 
more uniform growth under irregular rainfall. Furthermore, pre-hydration of the 
seeds and enhancing the metabolic activity, hydropriming is a simplistic approach 
which minimizes the use of chemicals. In this case, the beneficial effects of 
hydropriming under water stress conditions in lentil were clearly observed [70]. In 
addition, hydroprimed seeds were germinated and grew more rapidly as compared 
to non-primed control seeds, and the lentil germinated seeds are benefited by 
successful seedling establishment and improved seedling growth under water stress 
condition [70].

Eskandari and Kazemi, [71] did an experiment with cowpea (Vigna unguiculata) 
and considered the parameter early emergence, stand establishment and vigor of 
seedlings in rainfed areas by priming the seeds with water (hydropriming), 1.5% 
KNO3 and 0.8% NaCl (halopriming). It was analyzed that hydroprimed seeds 
showed significantly improvement in germination rate, seed vigor index, and 
seedling dry weights followed by NaCl priming. Likewise, it was again proved that 
in pulses like lentil, cowpea and in many other hydropriming is a better option to 
avoid chemicals for the improvement seed and seedling vigor which is a simple, cost 
effective and eco-friendly technology.

For instance, Peraza-Villarreal et al. [72] evaluated the effects of seed priming 
and soil retainers on seed germination and performance of early seedling of use-
ful species in a tropical semideciduous forest of Veracruz, Mexico. They tried to 
determine the mass, water and lipid content in the seeds of Albizia saman, Cedrela 
odorata, Enterolobium cyclocarpum, and Swietenia macrophylla. The seeds were 
hydroprimed with water and natural primed by seed burial inside the soil and let 
them germinate at 25°C and 25/35°C. The seedlings produced were grown in a shade 
house and planted in a plain terrain land and/or in hillside (slope 75%). After assess-
ing the above said parameters, it was observed that S. macrophylla and E. cyclocar-
pum seeds had the lowest and highest water content, whereas, S. macrophylla and 
C. odorata had oils in seeds. In addition to this, A. saman and E. cyclocarpum seeds 
exhibit physical dormancy. Natural priming improved the rate of germination in  
A. saman, C. odorata, and S. macrophylla, while hydropriming at 25/35°C enhanced 
the rate of germination in E. cyclocarpum. So natural priming can be recom-
mended for A. saman, C. odorata, and S. macrophylla, and for E. cyclocarpum seeds 
hydropriming was a better option for seed germination and seedling establishment 
in plain terrain and hillside land. From this study it can be concluded that seed 
pre-treatments were an inexpensive and easy tool and can be potentially applicable 
in restoration and conservation programs.

Various works related to seed priming in different crops and in various aspect 
such as in normal and stressful environmental condition was reported by differ-
ent scientists. Anaytullah & Bose, [28], Mondal et al. [29], Sharma & Bose, [73], 
Bose et al. [74] & Anaytullah et al. [75] were working in the field of seed priming 
with different nitrate salts where the seeds of various fields crops like rice, wheat, 
mustard were imbibed in nitrate salt for restricted period of time i.e., before the 
protrusion of radicle & dried back to its original weight under forced air at normal 
room temperature before sowing. These scientists stated that nitrate seed priming 
technology have the potentiality to improve the germination physiology, vegetative 
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growth & increase the productivity of these crops as reported by Bose and Mondal, 
[76]. They named these seed priming process as nitrate seed hardening technology. 
Bose et al. [77] did an experiment in maize (Zea mays L.) by soaking the seeds in 
Ca (NO3)2 and GA3 and found a sharp increase in fresh and dry weights of shoot 
and root during the later period of seedling growth; whereas seed primed with GA3 
showed better performance during early seedling emergence. Likewise, Krishnotar 
et al., [78] revealed that seed invigoration with Mg(NO3)2 and distilled water in 
maize significantly improved the seedling emergence and stand establishment in 
field condition, vegetative growth, relative water content of shoots and roots, and 
yield attributes; that means it has an immense crucial role in seedling emergence 
and stand establishment. In addition, Pant and Bose, [79] reported that seed 
priming with salts like NaHCO3, KH2PO4 and K2SO4 in different concentrations, 
improved the germination percentage, dry weight and vigor index of rice seeds and 
seedlings respectively. Priming also increased the α-amylase activity and soluble 
sugar content in the rice endosperm during the time of germination which signifies 
the importance of seed priming in seed germination to seedling establishment. 
Moreover, Kumar et al. [80] designed an experiment on late sown sesame crop. The 
sesame seeds were primed with KNO3 which promotes the germination percentage, 
shoot and root length, fresh and dry weights of seedling, increase the activity of 
catalase and peroxidase, proline content as well as different yield attributes. It can 
be said that seed priming under late sown condition also improves the germination 
to seedling establishments and as a result yield was increased. For instance, Jangde 
et al. [81] experience low temperature in wheat crop by primed them with CaCl2, 
Ca(NO3)2, EGTA during the time of germination and seedling emergence. Among 
the priming treatments it was noted that CaCl2 was more efficient for the improve-
ment of germination percentage, relative and absolute water content, increased the 
activity of α-amylase and as a result better shoot and root length of seedlings under 
low temperature condition. Whereas, Kumar et al. [82] depicted the beneficial role 
of seed priming with water (as hydropriming), Mg(NO3)2 and Ca(NO3)2 (as halo-
priming) for the improvement of seed germination and early seedling establish-
ment of wheat under heavy metal stress (by applying HgCl2) in wheat.

6. Conclusion

To understand the transition between seed to seedling establishment, mag-
nificent number of successful and contributory research works are still going on. 
Introduction of gene expression and related regulatory networking system provides 
a template for the identification of different transcriptional regulators beside their 
cross-linking effects and interacting path ways; it further unveils a no. of signaling 
mechanisms between germination to seedling formation of a seed. This involves 
the extensive study and understanding of the physiology of germination. However, 
agriculturally important but a complex trait which comes after the establishment of 
seedling i.e., seed vigor, very much responsible, contributory and deciding factor 
for the productivity of any crop in the farmer’s field. From the physiological point 
of view if we engross ourselves to understand germination basically incepts from 
the beginning of radicle protrusion and ends to seedling establishment, in that seed 
vigor has a crucial role, can be practically enriched by using an alternative, inter-
linking, gap-filling eco- and farmers friendly technology i.e., seed priming. Rapidly 
growing population with erratic changes in climatic conditions, people are standing 
in endangered situations; in this point of view the significance of seedling stand 
establishment and vigor of any crop is increasing with time. The present chapter 
highlights mainly that how seed priming, a technology, can be handled by general 



Plant Reproductive Ecology - Recent Advances

10

Author details

Sananda Mondal1* and Bandana Bose2

1 Department of Crop Physiology, Institute of Agriculture, Visva-Bharati, 
Sriniketan, India

2 Department of Plant Physiology, Institute of Agricultural Sciences, Banaras 
Hindu University, Varanasi, India

*Address all correspondence to: mondalsananda@gmail.com

crop growers without much effort is being helpful in reducing the risk of poor seed-
ling establishment in field even in erratic ambient or the broad spectrum of climatic 
conditions via improving seed vigor. In seed priming, various range of priming 
agents including water are used to pre-fabricate the seeds. The time duration for 
priming depends on the genotype makeover of any crop and during this period seed 
absorb different ions based on the external solution which may act as a signaling 
element within the seed for the pre-activation of metabolic activities during the 
process of germination. In nutshell, seed priming interlinks the processes as whole 
like pre-activation of metabolic events which reduce the time gap from seed sowing 
to seed germination and speed up the different phases in later one; along with this it 
also helps a continued supply of mobilized reserve nutrients, required for successful 
establishment of seedlings.

Conflict of interest

The authors declare no conflict of interest.

Notes/thanks/other declarations

We are thankful to the editor for consideration of our chapter in 
IntechOpen Book.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



11

Seed Priming: An Interlinking Technology between Seeds, Seed Germination and Seedling…
DOI: http://dx.doi.org/10.5772/intechopen.100804

References

[1] Baskin JM, Baskin CC. Physiology of 
dormancy and germination in relation 
to seed bank ecology. In: Leck MA, 
Parker VT, Simpson RL, editors. 
Ecology of Seed Banks. New York: 
Academic press; 1989. pp. 53-69

[2] Bareke T. Biology of seed 
development and germination 
physiology. Advances in Plants and 
Agriculture Research. 2018;8(4):336-
346. DOI: 10.15406/apar.2018.08.00336

[3] https://en.wikipedia.org/wiki/
Seed#cite_ref-2

[4] Gray DJ. Seed Development. 
Encyclopedia of Applied Plant Sciences. 
2003:1305-1310. DOI: 10.1016/
B0-12-227050-9/00034-X

[5] Taiz L, Zeiger E, Moller IM, 
Murphy A. Plant Physiology and 
Development. Sixth ed. Inc. USA: 
Sinauer Associates; 2015

[6] Perry DA.1980. The concept of seed 
vigour and its relevance to seed 
production techniques. In: 
Hebblethwaite PD, editor. Seed 
production. London: Butterworths; 
1980. p. 585-591

[7] Mahto A, Mathew IE, and Agarwal P. 
Decoding the transcriptome of rice seed 
during development. 2017. DOI:10.5772/
intechopen.70574

[8] Sabelli PA. Seed development: A 
comparative overview on biology of 
morphology, physiology and 
biochemistry between monocot and 
dicot plants. In: Seed development: 
OMICS technologies toward 
improvement of seed quality and crop 
yield. Springer; 2012. pp. 3-25

[9] Liu Y et al. Nitric oxide-induced 
rapid decrease of abscisic acid 
concentration is required in breaking 
seed dormancy in Arabidopsis. New 

Phytologist. 2009;183:1030-1042. DOI: 
10.1111/j.1469-8137.2009.02899.x

[10] Norden N et al. The relationship 
between seed mass and mean time to 
germination for 1037 tree species across 
five tropical forests. Functional Ecology. 
2009;23:203-210. DOI: 10.1111/j. 
1365-2435.2008.01477.x

[11] El-Maarouf-Bouteau H et al. 
Reactive oxygen species, abscisic acid 
and ethylene interact to regulate 
sunflower seed germination. Plant, Cell 
& Environment. 2015;38:364-374. DOI: 
10.1111/pce.12371

[12] Vandelook F, Van de Moer D, Van 
Assche JA. Environmental signals for 
seed germination reflect habitat 
adaptations in four temperate 
Caryophyllaceae. Functional Ecology. 
2008;22:470-478. DOI: 10.1111/j. 
1365-2435.2008.01385.x

[13] Arana MV et al. Seed dormancy 
responses to temperature relate to 
Nothofagus species distribution and 
determine temporal patterns of 
germination across altitudes in 
Patagonia. New Phytologist. 
2016;209:507-520. DOI: 10.1111/
nph.13606

[14] Fang X-W et al. Seed germination of 
Caragana species from different regions 
is strongly driven by environmental cues 
and not phylogenetic signals. Scientific 
Reports. 2017;7:11248. DOI: 10.1038/
s41598-017-11294-x

[15] Fait A, Angelovici R, Less H, 
Ohad I, Urbanczyk-Wochniak E, 
Fernie AR, et al. Arabidopsis seed 
development and germination is 
associated with temporally distinct 
metabolic switches. Plant Physiology. 
2006;142:839-854. DOI: 10.1104/
pp.106.086694

[16] Carrera E, Holman T, Medhurst A, 
Peer W, Schmuths H, Footitt S, et al. 



Plant Reproductive Ecology - Recent Advances

12

Gene expression profiling reveals 
defined functions of the ATP-binding 
cassette transporter COMATOSE late in 
phase II of germination. Plant 
Physiology. 2007;143:1669-1679.  
DOI: 10.1104/pp.107.096057

[17] Bassel GW, Fung P, Chow TF, 
Foong JA, Provart NJ, Cutler SR. 
Elucidating the germination 
transcriptional program using small 
molecules. Plant Physiology. 
2008;147:143-155. DOI: 10.1104/
pp.107.110841

[18] Mansfield SG, Briarty LG. The 
dynamics of seedling and cotyledon cell 
development in Arabidopsis thaliana 
during reserve mobilization. 
International Journal of Plant Sciences. 
1996;157:280-295. DOI: 10.1086/297347

[19] Allen E, Moing A, Ebbels TM, 
Maucourt M, Tomos AD, Rolin D, et al. 
Correlation network analysis reveals a 
sequential reorganization of metabolic 
and transcriptional states during 
germination and gene-metabolite 
relationships in developing seedlings of 
Arabidopsis. BMC Systems Biology. 
2010;4:62. DOI: 10.1186/1752-0509-4-62

[20] Silva AT, Ribone PA, Chan RL, 
Ligterink W, Hilhorst HWM. A 
predictive coexpression network 
identifies novel genes controlling the 
seed-to-seedling phase transition in 
Arabidopsis thaliana. Plant Physiology. 
2016;170:1-14. DOI: 10.1104/
pp.15.01704

[21] Bewley JD, Bradford KJ, 
Hilhorst HWM, Nonogaki H. Seeds: 
physiology of development, 
germination and dormancy. 3rd ed. New 
York: Springer; 2013. DOI: 
10.1007/978-1-4614-4693-4

[22] Mondal S, Bose B. Impact of 
micronutrient seed priming on 
germination, growth, development, 
nutritional status and yield aspects of 
plants. Journal of Plant Nutrition. 

2019;42:2577-2599. DOI: 
10.1080/01904167.2019.1655032

[23] Waqas M et al. Advances in the 
concept ans methods of seed priming. 
In: Priming and pretreatment of seeds 
and seedlings. Singapore: Springer 
Nature, Pvt. Ltd; 

[24] Rajjou L, Duval M, Gallardo K, 
Catusse J, Bally J, Job C, et al. Seed 
germination and vigor. Annual Review 
of Plant Biology. 2012;63:507-533.  
DOI: 10.1146/annurev-arplant-042811- 
105550

[25] Ruttanaruangboworn A, 
Chanprasert W, Tobunluepop P, 
Onarmol D. Effect of seed priming with 
different concentrations of potassium 
nitrate on the pattern of seed imbibition 
and germination of rice (Oryza sativa L.). 
Journal of Integrative Agriculture. 
2017;16(3):605-613. DOI: 10.1016/
S2095-3119(16)61441-7

[26] Bose B, Kumar M, Singhal RK, 
Mondal S. In: Rakshit A, Singh HB, 
editors. Advances in Seed Priming. 
Singapore: Springer Nature; 2018.  
DOI: 10.1007/978-981-13-0032-5

[27] Bose B, Tandon A. Effect of 
magnesium nitrate on metabolism in 
germinating maize seeds. Indian Journal 
of Plant Physiology. 1991;34:69-71

[28] Anaytullah BB. Nitrate-hardened 
seeds increase germination, amylase 
activity and proline content in wheat 
seedlings at low temperature. 
Physiology and Molecular Biology of 
Plants. 2007;13(3&4):199-207

[29] Mondal S, Vijai P, Bose B. Role of 
seed hardening in rice variety Swarna 
(MTU 7029). Research Journal of Seed 
Science. 2011;4:157-165. DOI: 10.3923/
riss.2011.157.165

[30] Srivastava AK, Bose B. Effect of 
nitrate seed priming on phenology, crop 
growth rate and yield attributes in rice 



13

Seed Priming: An Interlinking Technology between Seeds, Seed Germination and Seedling…
DOI: http://dx.doi.org/10.5772/intechopen.100804

(Oryza sativa L.). Vegetos. 2012;25: 
174-181

[31] Chen K, Arora R. Priming memory 
invokes seed stress-tolerance. 
Environmental and Experimental 
Botany. 2013;94:33-45. DOI: 10.1016/j.
envexpbot.2012.03.005

[32] Dahal P, Bradford KJ, Jones RA. 
Effects of priming and endosperm 
integrity on seed germination rates of 
tomato genotypes II. Journal of 
Experimental Botany. 1990;41:1441-
1453. DOI: 10.1093/jxb/41.11.1431

[33] Rudrapal AB, Basu RN. Use of 
chlorine and bromine in controlling 
mustard seed deterioration. Seed 
Research. 1982;9:188-191

[34] Dollypan BRN. Mid-storage and 
pre-sowing seed treatments for lettuce 
and carrot. Scientia Horticulturae. 
1985;33:1026-1027. DOI: 
10.1016/0304-4238(85)90072-X

[35] Powell AA, Mathews S. Cell 
membranes and seed leachate 
conductivity in relation to the quality of 
seeds for sowing. Journal of Seed 
Technology. 1986;10:81-100

[36] Villiers TA, Edgcumbe DJ. On the 
cause of seed determination in dry 
storage. Seed Science and Technology. 
1975;3:761-774

[37] Basu RN, Chattopadhyay K, Pal P. 
Maintenance of seed viability in rice 
(Oryza sativa L.) and Jute (Corchorus 
capsularis L. and C. olitorius L.). Indian 
Agriculture. 1973;18:76-79

[38] Mondal S, Bose B. Kinetics studies 
on α-amylase extracted from 
germinating wheat endosperm of 
primed and non-primed seeds. Indian 
Journal of Agricultural Biochemistry. 
2012;25:137-141

[39] Gray D, Steckel JR. Seed quality in 
carrots: the effects of seed crop plant 

density, harvest date and seed grading 
on seed and seedling variability. Journal 
of Horticultural Sciences. 1983;58: 
393-401

[40] Lee SS, Kim JH, Hong SB, Yun SH, 
Park EH. Priming effect of rice seeds on 
seedling establishment under adverse 
soil conditions. Korean Journal of Crop 
Science. 1998;43:194-198

[41] Gianella M et al. Molecular aspects 
of seed priming as a means of progress 
in crop improvement. In: Advancement 
in Crop Improvement Techniques. 
ScienceDirect; 2020. pp. 89-100. DOI: 
10.1016/B978-0-12-818581-0.00006-1

[42] Basra SMA, Zia MN, Mehmood T, 
Afzal I, Khaliq A. Comparison of 
different invigoration techniques in 
wheat seeds. Pakistan Journal of Arid 
Agriculture. 2002;5:11-16

[43] Chiu KY, Chen CL, Sung JM. Effect 
of priming temperature on storability of 
primed sh-2 sweet corn seed. Crop 
Science. 2002;42:1996-2003. DOI: 
10.2135/cropsci2002.1996

[44] Harris D, Joshi A, Khan PA, 
Gothkar P, Sodhi PS. On farm seed 
priming in semi-arid agriculture 
development and evaluation in maize, 
rice and chickpea in India using 
participatory methods. Experimental 
Agriculture. 1999;35:15-29. DOI: 
10.1017/S0014479799001027

[45] Murungu FS, Chiduza C, 
Nyamugafata P, Clark LJ, Whalley WR, 
Finch-Savage WE. Effects of ‘on-farm 
seed priming’ on consecutive daily 
sowing occasions on the emergence and 
growth of maize in semi-arid 
Zimbabwe. Field Crops Research. 
2004;89:49-57. DOI: 10.1016/j.
fcr.2004.01.020

[46] Hadas A. Germination and seedling 
establishment. Bet Dagan, Israel: The 
Volcani Center, Elsevier Ltd; 
2005. p. 130



Plant Reproductive Ecology - Recent Advances

14

[47] Fischer RA, Turner NC. Plant 
productivity in the arid and semiarid 
zones. Annual Review of Plant 
Physiology. 1978;29:277-317. DOI: 
10.1146/annurev.pp.29.060178. 
001425

[48] Ashraf M, Rauf H. Inducing salt 
tolerance in maize (Zea mays L.) 
through seed priming with chloride 
salts, growth and ion transport at early 
growth stages. Acta Physiologiae 
Plantarum. 2001;23:407-414. DOI: 
10.1007/s11738-001-0050-9

[49] Debeaujon I, Koornneef M. 
Gibberellin requirement for Arabidopsis 
seed germination is determined both by 
testa characteristics and embryonic 
abscisic acid. Plant Physiology. 
2000;122:415-424. DOI: 10.1104/
pp.122.2.415

[50] Lu C, Hills MJ. Arabidopsis mutants 
deficient in diacylglycerol 
acyltransferase display increased 
sensitivity to abscisic acid, sugars, and 
osmotic stress during germination and 
seedling development. Plant Physiology. 
2002;129:1352-1358. DOI: 10.1105/
tpc.019646

[51] Fulda M, Schnurr J, Abbadi A, 
Heinz E, Browse J. Peroxisomal Acyl-
CoA synthetase activity is essential for 
seedling development in Arabidopsis 
thaliana. Plant Cell. 2004;16:394-405. 
DOI: 10.1105/tpc.019646

[52] Yang M, Zhang B, Jia J, Yan C, 
Habaike A, Han Y. RRP41L, a putative 
core subunit of the exosome, plays an 
important role in seed germination and 
early seedling growth in Arabidopsis. 
Plant Physiology. 2013;161:165-178. DOI: 
10.3389/fpls.2017.00981

[53] Penfield S, Graham S, Graham IA. 
Storage reserve mobilization in 
germinating oilseeds: arabidopsis as a 
model system. Biochemical Society 
Transactions. 2005;33:380-383. DOI: 
10.1042/BST0330380

[54] Focks N, Benning C. wrinkled1: A 
novel, low-seed-oil mutant of 
Arabidopsis with a deficiency in the 
seed-specific regulation of carbohydrate 
metabolism. Plant Physiology. 
1998;118:91-101. DOI: 10.1104/
pp.118.1.91

[55] Andre C, Benning C. Arabidopsis 
seedlings deficient in a plastidic 
pyruvate kinase are unable to utilize 
seed storage compounds for 
germination and establishment. Plant 
Physiology. 2007;145:1670-1680. DOI: 
10.1104/pp.107.108340

[56] Borisjuk L, Walenta S, 
Rolletschek H, Mueller-Klieser W, 
Wobus U, Weber H. Spatial analysis of 
plant metabolism: sucrose imaging 
within Vicia faba cotyledons reveals 
specific developmental patterns. Plant 
Journal. 2002;29:521-530. DOI: 
10.1046/j.1365-313x.2002.01222.x

[57] Borisjuk L, Walenta S, Weber H, 
Mueller-Klieser W, Wobus U. High-
resolution histographical mapping of 
glucose concentrations in developing 
cotyledons of Vicia faba in relation to 
mitotic activity and storage processes: 
glucose as a possible developmental 
trigger. Plant Journal. 1998;15:583-591. 
DOI: 10.1104/pp.107.108340

[58] Tognetti JA, Pontis HG, 
Martínez-Noël GMA. Sucrose signaling 
in plants: a world yet to be explored. 
Plant Signaling Behaviour. 
2013;8(3):e23316. DOI: 10.4161/
psb.23316

[59] Coruzzi GM, Zhou L. Carbon and 
nitrogen sensing and signalling in 
plants: emerging ‘matrix effects’. 
Current Opinion in Plant Biology. 
2001;4:247-253. DOI: 10.1016/S1369-
5266(00)00168-0, 10.1016/
s1369-5266(00)00168-0

[60] Tegeder M, Ward JM. Molecular 
evolution of plant AAP and LHT amino 
acid transporters. Frontiers in Plant 



15

Seed Priming: An Interlinking Technology between Seeds, Seed Germination and Seedling…
DOI: http://dx.doi.org/10.5772/intechopen.100804

Science. 2012. DOI: 10.3389/
fpls.2012.00021

[61] Tegeder M. Transporters involved in 
source to sink partitioning of amino 
acids and ureides: opportunities for crop 
improvement. Journal of Experimental 
Botany. 2014;65:1865-1878. DOI: 
10.1093/jxb/eru012

[62] Stitt M, Krapp A. The interaction 
between elevated carbon dioxide and 
nitrogen nutrition: the physiological and 
molecular background. Plant, Cell & 
Environment. 1999;22:583-621. DOI: 
10.1046/j.1365-3040.1999.00386.x

[63] Zheng ZL. Carbon and nitrogen 
nutrient balance signaling in plants. 
Plant Signaling Behaviour. 2009;4:584-
591. DOI: 10.4161/psb.4.7.8540

[64] Gibon Y, Usadel B, Blaesing OE, 
Kamlage B, Hoehne M, Trethewey R, 
et al. Integration of metabolite with 
transcript and enzyme activity 
profiling during diurnal cycles in 
Arabidopsis rosettes. Genome Biology. 
2006;7:R76-R76. DOI: 10.1186/
gb-2006-7-8-r76

[65] Du LV, Tuong TP. Enhancing the 
performance of dry-seeded rice: effects 
of seed priming, seedling rate, and time 
of seedling. In: Direct seeding: research 
strategies and opportunities. Manila: 
International Research Institute; 2002. 
pp. 241-256

[66] Pandey D, Bose B. Influence of 
pre-sowing seed treatment with nitrate 
salts and different sowing dates on 
performance of mustard. Indian Journal 
of Plant Physiology. 2006;11:261-265

[67] Sharma MK, Bose B, 
Shrivastava AK. Effect of seed 
hardening with nitrate salts on 
physiological attributes at ear head 
emergence stage and yield of wheat 
(Triticum aestivum L.). International 
Journal of Agricultural Science. 
2009;5:439-442

[68] Bose B, Mishra T. Response of wheat 
seed to pre sowing seed treatment with 
Mg(NO3)2. Annals of Agricultural 
Research. 1992;13:132-136

[69] Ghassemi-Golezani K, Asghar 
Aliloo A, Valizadeh M, Moghaddm M. 
Effects of different priming techniques 
on seed invigoration and seedling 
establishment of lentil (Lens culinaris 
Medik). Journal of Food, Agriculture 
and Environment. 2008;6(2): 
222-226

[70] Saglam S, Day S, Kaya G, Gurbuz A. 
Hydropriming increases germination of 
lentil (Lens culinaris Medik.) under 
water stress. Notulae Scientia 
Biologicae. 2010;2(2):103-106. DOI: 
10.15835/nsb224602

[71] Eskandari H, Kazemi K. Effect of 
Seed Priming on Germination 
Properties and Seedling Establishment 
of Cowpea (Vigna sinensis). Notulae 
Scientia Biologicae. 2011;3(4):113-116. 
DOI: 10.15835/nsb346338

[72] Peraza-Villarreal H, 
Sanchez-Coronado ME, 
Lindig-Cisneros R, 
Tinoco-Ojanguren C, 
Velazques-Rosas N, Camara-Cabrales L, 
et al. Seed Priming Effects on 
Germination and Seedling 
Establishment of Useful Tropical Trees 
for Ecological Restoration. Tropical 
Conservation Science. 2018;11:1-15. 
DOI: 10.1177/1940082918817886

[73] Sharma MK, Bose B. Effect of seed 
hardening with nitrate salts on seedling 
emergence, plant growth and nitrate 
assimilation of wheat. Physiology and 
Molecular Biology of Plants. 
2006;12(2):173-176

[74] Bose B, Kumar R, Kuril SK, 
Srivastava AK. Hardening of mustard 
seeds with magnesium nitrate increase 
seed germination, vegetative growth, 
nitrogen assimilation and yield. 
Brassica. 2007;9(1-4):33-38



Plant Reproductive Ecology - Recent Advances

16

[75] Anaytullah SAK, Bose B. Impact of 
seed hardening treatment with nitrate 
salts on nitrogen & antioxidant defence 
metabolism in wheat under different 
sowing conditions. Vegetos. 
2012;25(1):292-299

[76] Bose B, Mondal S. Climate change 
and sustainable agriculture in context to 
seed priming and role of nitrate. 
Vegetos. 2013;26(special):192-204. DOI: 
10.5958/j.2229-4473.26.2s.140

[77] Bose B, Tyagi B, Devi TM. Influence 
of seed soaking with Ca(NO2 ) and GA3 
on the growth of seedlings of Zea mays. 
L. ( var TuiPakhia). Indian Biologist. 
1992;XXIV(1)

[78] Krishnotar BB, Srivastava AK, 
Shah JP. Response of rabi maize crop to 
seed invigoration with magnesium 
nitrate and distilled water. Indian 
Journal of Plant Physiology. 
2009;14(1):71-77

[79] Pant B, Bose B. Germination of rice 
seeds primed with various salts. Indian 
Biologist. 2015;47(1):17-21

[80] Kumar S, Hemantranjan A, 
Mondal S, Bose B. Impact of KNO3 
primed seeds on the performance of late 
sown sesame. International Journal of 
Bio-resource and Stress Management. 
2016;7(4):950-954. DOI: 10.23910/
IJBSM/2016.7.4.1418a

[81] Jangde S, Vijay P, Bose B. Influence 
of calcium salts treatment on growth 
and germination of wheat during low 
temperature stress. Phytomorphology. 
2014;64(1&2):5-14

[82] Kumar M, Pant B, Mondal S, Bose B. 
Hydro and halo priming: influenced 
germination in responses in wheat var 
HUW-468 under heavy metal stress. 
Acta Physiologiae Plantarum. 
2016;38:217. DOI: 10.1007/S11738- 
016-2226-3


