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Abstract

The use of micro-organisms to improve yield and
quality parameters in crop plants is the basis of
biopriming treatment in different crop plants.
Inoculation of microbes to hydrated seeds initiates
metabolic activities without actual germination. The
micro-organisms multiplying on the seed stimulate
the release of growth hormones and volatile
compounds by plants, improve the availability of
nutrients in the soil and initiate defence signals in
stress conditions. Ultimately, better quality and
higher yield is obtained by increased nutrient use
efficiency, enhanced tolerance of plants against
various biotic and abiotic stresses and improved
physiological and morphological traits in different
vegetable crops. Among various methods of microbe
application, priming treatment was found to be a
promising technique. It also reduces the use of
chemicals and their harmful effects. Therefore,
biopriming can be effectively used as a simple and
inexpensive substitute to other seed treatment
methods for crop improvement. Here in this review,
different microbes and their potential use as growth
and development stimulators through priming
treatment in the vegetable are discussed.

Keywords: Biopriming, nutrient, stress, quality
and yield

Introduction

Food security is of great concern in developing countries
like India where the population is ever increasing
(Sreekanth et al. 2015). This growth in population, by
many activities caused changes in environmental
condition (Tian et al. 2016) creating demand for quality
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food. In this context production of sufficient food with
higher nutrient content is of more importance (Bahadur et
al. 2018). Different compositions of nutrients are found in
vegetables which can protect the population from
malnutrition (lyaka et al. 2014). Vegetables are composed
of antioxidants (Baiano and Del-Nobile 2016) like
phenolic compounds, flavonoids, vitamins, tocopherols,
pigments and sulphur containing compounds (Doleman et
al. 2017) which possess health benefitting properties
(Padayachee et al. 2017). The awareness about the
importance of nutritional food have changed lifestyle and
food habits of people. Realising the opportunity, for
greater advantage farmers are moving towards
commercial vegetables cultivation (Schreinemachers et al.
2018). With a view to increase production many modern
techniques are practiced continuously. These methods like
use of chemicals have severe negative impacts (Sharma et
al. 2019) creating a need for environmentally friendly
methods to improve overall crop production of different
vegetables.

Seeds are the primary input used for transfer
of novel technologies (Wimalasekera 2015). Non
availability of sufficient quantity of seeds, infected
seeds, seeds with lower viability and vigour and
poor germination of seeds lead to poor crop stand.
Therefore, it is of great importance to use vigorous
seeds to get quality produce. Seed treatment with
microbes was found to be better than seedling or soil
treatment as it improves the rhizosphere by
increasing the microbial population (Mehjabeen et
al. 2020). Biopriming is a novel approach of seed
treatment where the seeds are treated with different
beneficial micro-organisms along with hydration of
seeds in controlled condition (Sukanya et al. 2018).
It is recently used as an alternative method for
controlling many seed and soil borne pathogens
(Mona et al. 2017) and also to improve the
economics in crop production (Devika 2019).

The major objectives of concern while
biopriming are the different positive impacts of the
treatment that includes increase in nutrient use efficiency,
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improved water use efficiency, uniform emergence,
growth and development of plants, better quantity and
quality of yield production with reduced impact of abiotic
and biotic stress (Rakshit 2019).

Types of Seed Priming and its procedure:

There are numbers of priming approaches being
expedient in numbers of vegetable crops.

1. Biopriming: Seed imbibition coupled with
biocontrol agent or plant growth promoting
rhizobacteria (PGPR) inoculation of seed
(Callan et al. 1990).

2. Hydro priming: Prior to sowing, seeds are
soaked in pure water and re-dried to their
original moisture content. Because no additional
chemical compounds are used as a priming
ingredient, this process is both inexpensive and
ecofriendly (Taylor et al. 1998).

3. Osmopriming: Osmopriming is the process of
soaking seeds in a saline solution with a low
water potential rather than pure water. Water
enters seed slowly due to the low water potential
of saline solutions, allowing constant seed
imbibition and activation of early stages of
germination but limiting radicle protrusion (Di
Girolamo and Barbanti 2012).

4. Solid matrix priming: This method involves
combining and incubating seeds with a moist
solid water carrier for a set amount of time.
Following that, the seeds are separated from the
matrix, cleaned, and back-dried. The use of solid
medium allows seeds to progressively hydrate
and stimulates the natural imbibition process
that occurs in the soil (McDonald 2000).

5. Hormopriming: Hormopriming occurs when
seeds imbibe in the presence of plant growth
regulators, which can have a direct impact on
seed metabolic processes. Abscisic acid, auxins,
gibberellins, kinetin, ethylene, polyamines, and
salicylic acid (SA) are common growth
regulators utilized in hormopriming. On heavy
metal polluted soil, gibberellic acid (GA3) and
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PEG priming improved photosynthetic
characteristics, antioxidant system, seedling
emergence, and growth of white clover (Galhaut
et al. 2014).

6. Chemo-priming: Chemo-priming refers to
seed treatment using various chemical solutions
as priming agents. Priming with a wide range of
natural and synthetic substances such as
antioxidants  (ascorbic  acid, glutathione,
tocopherol, melatonin, and proline), hydrogen
peroxide, sodium nitroprusside, urea, thiourea,
mannose, selenium, chitosan, fungicide, and so
on is part of this procedure. Several studies have
pointed to the positive effects of chemo-priming
with various priming agents in a variety of
environmental conditions (Patade et al. 2012).

7. Nutri-priming: Nutri-priming is the process
of soaking seeds in solutions containing the
limiting nutrient rather than pure water. The idea
behind this strategy is to get nutritional
influence along with biochemical priming
effects in order to improve seed quality,
germination  characteristics, and seedling
establishment (Farooq et al. 2012).

Role of biopriming in nutrient use efficiency

Nutrient use efficiency is the unit output of the crop
per unit input of nutrient (Meena et al. 2017). Use of
microorganisms in seed priming treatment enhances
the availability and utilisation of nutrients of varius
vegetable crops (Table 1). By increased enzymatic
activity bioagents increase the nutrient contents in
soil and hence can be used as a substitute to
inorganic fertilizers (Ji et al. Rakshit 2021).
Similarly, Pal and Singh (2018) reported that
Trichoderma harzianum NBRI 1055 increased N, P,
K, Fe, Zn, Cu and Mn content in okra. Glomus sp.
improved content of N, P, K, Ca, fluorescens and
Bacillus subtilis increased N, P, K, Cu, Fe and Zn in
red cabbage (Sarkar and Fe, 2020). When
Burkholderia gladioli, Pseudomonas sp. and
Bacillus subtilis were used as a consortium in
biopriming of tomato and fenugreek, maximum

Table 1: Nutrient use efficiency of different vegetable crop as influenced by the bio-priming intervention

S. Crop Bioagent Nutrient use efficiency References
No. Primary nutrients  Secondary Micro
nutrients nutrients
1 Tomato Trichoderma harzianum T22 K (9.7%); P Ca (22%); Mg Fe (46%); Zn  Molla et al., (2012)
(38%); N (2.5%)  (20%) (27%)
BioF/liquid (broth of spores K (15.3%); P Ca (18.2%); Fe (64.6 %);




Vegetable Science, Vol 49(2), July-December (2022)

250

suspension of (24.7%) Mg (24.4%) Zn (45%)
Trichodermaharzianum T22)
Trichoderma harzianum T969 P (65.85%); K Azarmi et al.,
(324.35%) (2011)
Trichoderma harzianum T447 P (359.53%); K Ca (528.63%);
(782.97%) Mg (220.86%)
Trichoderma harzianum T969 P (42.98%); K Ca (31.46%);
(162.82%) Mg (38.98%)
2 Broccoli AM fungi N (102.08%); P Tanwar et al.,
(53.33%) (2013)
Pseudomonas fluorescens N (235.42%);
P (163.33%)
Trichoderma harzianum N (735%); P
(210%)
3 Melon Trichoderma harzianum N (27.03%), P Martinez Medina et
(137.8%); K al., (2009)
(27.96%)
Trichoderma harzianum under N (20.6%); K
conventional fertilization dosage  (30%)
4 Cucumber Trichoderma asperellum strain T Cu (25%); Santiago et al.,
34 Zn (11.4%); (2012)
Zn (29.5%);
Mn (58.6%);
Cu (10.5%); Fe
(85.7%)
Trichoderma harzianum N (13%); P Ca (13.5%); Fe (9%); Moharam and
(12%); K (11.7%) Mg (3.7%) Mn (8.2%); Cu Negim, (2012)
(35%);
Zn (5.7%)
Trichoderma viride Tv2 N (5.9%); Fe (7.5%); Mn
P (1.2%); (1.1%); Cu
Ca (5.3%) (13.8%); Zn
(1.4%)
Trichoderma harzianum P (30%) Zn (25%); Mn  Yedidia et al.,
(70%) (2001)
5 Cabbage Bacillus megaterium TV-91C N (17.95%); P Fe (14.69%);  Turanetal., (2018)
(10.28%); K Mn (14.99%)
(5.01%)
Bacillus subtilis TV-17C N (10.26%); P Fe (27.97%);
(6.26%); K Mn (10.85%)
(4.59%)
6 Chilli Pseudomonas stutzeri + P (4-29%) Abbasi et al.,
Azospirillumbrasilense + (2015)
Agrobacterium tumefaciens
7 Okra Trichoderma harzianum NBRI N (49.18%); P Fe (69.04%) Pal and Singh,
1055 (39.56%); K (2018)
(38.89%)
8 Red cabbage Pseudomonas fluorescens + P (0.37%); K Fe (160.12 mg Sarkar and Rakshit,
Bacillus subtilis (2.84%) kg?); (2021)

Zn (34.18 mg
kg™)

solubilisation of nutrients was observed (Kumar et

al. 2020). Biopriming with Trichoderma harzianum,
Pseudomonas Mn, Zn, and Cu in pepper (Pereira et
al. 2016). Arbuscular mycorrhiza also increased
nutrient content in tomato (Bowles et al. 2016).

PGPB was found to increase availability of

N, P and K in soil and their uptake by plants in
amaranth on biopriming (Negi et al. 2019b) Similar
results were obtained in okra on biopriming with

Glomus fasiculatum and Gigaspora sp. (Dhawal
2017) and in pea plants with Glomus mosseae
treatment (Yadav et al. 2018). (Kumar et al. 2017)
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observed increased uptake of N, P, K, Ca, B and Mo
in okra and pea on Glomus mosseae biopriming.

Use of biopriming for biotic stress

management

Use of chemicals for disease control is a common
practice which is neither safe for environment nor
for human health. But microbes can be used as a
substitute to chemicals in seed treatment against
many seed and soil borne diseases (Reddy 2012). It
is simple and inexpensive method helping plants to
adapt under stressed condition (Rakshit et al. 2013).
Biopriming of tomato using Trichoderma erinaceum
resulted in defence signalling by WRKY gene
against Fusarium leading to production of
antioxidative enzymes, defence compounds and
lignification of the cells (Aamir et al. 2019).
Biopriming of pepper seeds with Streptomyces
rochei IT20 and S. vinaceusdrappus SS14 inhibited
mycelial germination of Phytophthora capsici by
inducing systemic resistance through ACCO and
SUS gene (Abbasi et al. 2020). Up-regulation of
salicylic acid, ethylene and jasmonic acid signalling
immunity induction against Spodoptera litura was
observed when Bacillus gaemokensis strain PB69
was used to treat seeds of cucumber and pepper
(Song et al. 2017).

The microorganisms along with producing
secondary metabolites, stimulate the plants to
produce compounds having antifungal, antibacterial
and antiviral properties (Shukla et al. 2015). Release
of a greater number of volatile compounds like
hydroxylamine, dimethoxy dimethyl silane and
hexadecanoic acid-15-methyl-methyl ester that is
having antimicrobial properties on biopriming with
Bacillus amyloliquefaciens VB7 in chilli seedlings
were observed by (Sathya et al. 2016b). (Singh et al.
2016) observed that under biotic stress conditions,

pathogen effect was reduced by enhancing
phenylalanine ammonia lyase, peroxidase, and
polyphenol oxidase activities with  greater

accumulation of total phenol content in diverse
vegetable crops treated with  Trichoderma
asperellum BHUTS.

P fluorescens Pf reduced the incidence of
Aspergillus  flavus, Fusarium sp. and non-
sporulating fungi in tomato (Mohan and
Sundareswaran 2021). (Rahman et al. 2020) reported
decrease in soil borne fungi like Aspergillus,
Fusarium and Penicillium in cucurbits and okra on

Hegde et al.: Biopriming in vegetable crops

biopriming seeds with Trichoderma
harzianum.Yams when treated with Trichoderma
harzianum showed lesser incidence of anthracnose
disease (Jehani et al. 2019). (Negi et al. 2019a)
reported that PGPR-1 and Rhizobium strain Bl
reduced the degree of rhizoctonia root rot and
angular leaf spot effects in french bean. Biopriming
with Trichoderma pseudokoningii BHUR2 was
effective in reducing the occurrence of collar rot in
tomato (Rajput et al. 2019). (Avinash and
Ravishankar 2017) reported lesser occurrence of
fusarium wilt when biopriming with Bacillus
amyloliquefaciens MIC6 and  Pseudomonas
aeruginosa MTCC2581 was done in cucumber. (Raj
et al. 2017) observed that infection by Aspergillus
niger, Aspergillus flavus, Fusarium sp.and
Colletotrichum sp.was less when chilli seeds were
bioprimed with Pseudomonas fluorescens Pf 1.
Combination of biopriming with Trichoderma
asperellum BHU P-1 and Ochrobactrum sp. BHU
PB-1 and ascorbic acid treatment reduced Fusarium
incidence by higher antioxidant activity, lignin
deposition and expressing pathogen resistant gene in
tomato (Singh et al. 2020). In conclusion biopriming
was found to be better than other seed treatments in
controlling diseases in crop plants (Pawar et al.
2019)

Role of biopriming in abiotic stress

management

Negative impact seen on plant growth and yield by
abiotic stresses can be reduced by biopriming. This
could be due to modulation in membrane stability,
more of photosynthetic pigments, sugar metabolism
and ionic homeostasis which improved germination
and growth (Ghezal et al. 2016). Modification of
several genes responsible for biotic and abiotic
stress tolerance under the influence of plant growth
promoting rhizobacteria (PGPR) in vegetable crops
have been studied. Upregulation of genes for
tolerance, increased chlorophyll and carotenoid
content by Bacillus sp. caused stress relief in tomato
(Yoo et al. 2019).

T harzianum T-78 enhanced the activity of
ureases, phosphatase, dehydrogenase and f-
glucosidase under saline condition (Mbarki et al.
2017). Under salt stress condition the arbuscular
myecorrhizal fungi increased photosynthetic activity,
nutrient absorption and antioxidant enzyme activity
(Li et al. 2020). Increased radicle and plumule
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length by PGPR under salinity stress condition in
lettuce and radish was observed by (Hussein and Joo
2018). Under nutrient stress condition biopriming
with  ACC-deaminase containing rhizobacteria
improved growth and yield (Hassanet et al. 2015).
Better nutrient uptake, antioxidant activity and
maintenance of osmotic balance under drought stress
condition by P fluorescens and Rhizobium phaseoli
biopriming improved morphological and
physiological properties of crop plants (Nawaz et al.
2021). Integration of biopriming with seed coating
showed improvement in germination and growth
parameters under drought stress condition due to
better physiological activities (Piri et al. 2019).

Spinach  biopriming with  Ascophyllum
nodosum showed improved antioxidant metabolism
and germination percentage, germination speed and
seedling vigour under high temperature stress
condition (Anjos et al. 2020). (Gowthamy et al.
2018) observed that, under cadmium stress condition
biopriming of tomato with Bacillus
amyloliquifaciens improved seed germination and
seedling growth. Biopriming of pepper with Padina
pavonica and Jania rubens regulated sugar
metabolism and maintained ionic homeostasis by
modulation in membrane stability under salt stress
condition (Rinez et al. 2018). Piriformospora indica
increased tolerance to chilling stress by increasing
leaves, leaf dry weight and total dry weight in beans
(Forutan et al. 2017). Production of secondary
metabolites, synthesis of new proteins, DNA,
changes in the number and percentage of bands in
the protein profile and ISSR patterns were observed
in radish seeds treated with Codium taylorii and
Pterocladia capillacea under salt stress condition
(Kasim et al. 2016). In a study conducted by (Bhatt
et al. 2015) it was observed that Enterobacter strains
improved germination and vigour in tomato under
osmotic stress. In onion Citricoccus zhacaiensis B-4
enhanced synthesis of IAA, GAs, improved
solubilization, zinc solubilization, ACC deaminase
activity and ammonia production under osmotic
stress (Kumar et al. 2015).

Biopriming and improvement in
morphological and physiological aspects

Along with growth parameters, biopriming also
improved vigour index in chilli with Pseudomonas
fluorescence and Trichoderma viride treatment (Rai
and Behera 2019). Similar results were observed in
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tomato, brinjal, chilli and onion with Trichoderma
harzianum and Pseudomonas fluorescens treatment
(Jaiman et al. 2020). A study conducted by
(Monalisa et al. 2017) where Trichoderma
harzianum and Pseudomonas fluorescence were
used in biopriming of french bean showed higher
seedling vigour index | and Il. When Capsicum
frutescence  seeds  were  bioprimed  with
Kappaphycus alvarezii (K-sap) and Gracilaria
edulis (G-sap), (Dutta et al. 2019) observed
improved germination percentage, mean
germination time, vigour index, and seedling weight
with increased total phenol content, DPPH activity
(2,2-diphenyl-1-picrylhydrazyl) and ABTS assay(2,
2-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)),
while electrolyte leakage was reduced. Padina
pavonica L. (B3) and Sargassum johnstonii
improved germination and growth parameters along
with better enzymatic activity in onion and cabbage
(Patel et al. 2018). Biopriming of seeds of chilli with
microbial consortia consisting of Funneliformis
mosseae and Bacillus sonorensis improved plant
height, biovolume index, dry weight of root and
shoot, germination percentage and vigour index
(Balasubramanian et al. 2018). In the biopriming
treatment of chilli seeds with B amyloliquefaciens,
(Sathya et al. 2016a) observed that the speed of
germination, germination percentage, root length,
shoot length, dry matter production and vigour index
was higher (Zameer et al. 2016).

Biopriming by  regulating  various
physiological, biochemical and molecular activities
results in overall growth and development of crop
plants. The increased activity alpha amylase,
protease and lipase by biopriming helps in the
process of germination and seedling growth by rapid
metabolic activities (Karthika et al. 2016). Positive
impact on seedling growth parameters were
observed in biopriming lettuce, coriander and
fenugreek with Ulva lactuca (Patel et al. 2019).
Bokashi leachate improved seed germination and
root growth performance of basella (Phooi et al.
2021). Biopriming of cowpea with Rhizobium and
PSB improved plant height, number of branches,
number of leaves, number of nodules fresh and dry
weight of nodules, fresh weight and dry weight
(Brunda 2017). Increased shoot and root growth
were observed in sweet pepper and tomato with
Ascophyllum nodosum biopriming (Silva et al.
2021). T viride and Pseudomonas fluorescens
increased pod yield in okra (Rai et al. 2019a).
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Improvement of phytochemical quality and
yield through biopriming

Vegetables are the source of several biochemical
compounds that have positive health benefits.
Change in environmental conditions has severe
negative effect on nutritional quality of crop plants
(Tuomisto et al. 2017). Biopriming can be used as a
simple and effective tool to enhance the nutrient
component of crop plants. This treatment showed
positive effects on several biochemical properties of
the plants such as carbohydrates, protein, pigments
and enzymes etc and is suitable to provide required
nutrition to the population.

Seed inoculation of coriander with
combination of Azatobacer, PSB and Pseudomonas
improved water content, total phenol, true protein,
Indole-3-acetia acid (IAA), total soluble sugar and
reducing sugar (Warwate et al. 2017). Biopriming of
kidney bean seeds with Trichoderma harzianum
increases chlorophyll content (Mehjabeen et al.
2020). Improvement in protein and carbohydrate
content was seen in okra on biopriming with
Trichoderma viride (Rai et al. 2019b). In pepper,
enhancement in carotenoids, IAA, GA; contents and
photosynthetic pigments was observed when seeds
treated with Glomus sp. (Pereira et al. 2016). Along
with chlorophyll, protein and carbohydrate content,
alpha-amylase activity was also better on biopriming
of common bean using Trichoderma viride 40% by
(Monalisa et al. 2016). Similar results were obtained
on Pseudomonas fluorescence biopriming treatment
in garden pea (Naik 2015). Trichoderma harzianum
NBRI 1055 improved the content of protein, crude
fibre, phenolic and ascorbic acid in okra (Pal and
Singh 2018).

Seed bio-priming is becoming a popular
method of inoculation because soil application
necessitates a higher proportion of bio-inoculants,
which contradicts the economic profitability of
agricultural systems. The use of biofertilizers
enhanced the benefit-cost ratio (B:C) in cauliflower
cultivation from 1.95 to 2.96. (Narayanamma et al.
2005). Bacillus mucilaginous, treated as biological
potassium fertilizer via seed coating and a full dose
of NP fertilizer, produced a higher net return in

maize cultivation than full NPK and full NP
fertilizer (Jilani et al. 2007). In Himachal Pradesh
on-farm experiments, net returns in the cauliflower-
cauliflower-pea system were as follows: 100%
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NPKB + FYM (Rs 462883/ha/year) > 50% NPKB +
FYM + Biofertilizers (Rs 213401/halyear) > 50%
NPKB + FYM (Rs 208253/hal/year) (Parmar
2018).The economic verification of a cabbage field
trial in Pantnagar (Uttarakhand) revealed a greater
B:C ratio and net profit only in fertilization
treatments; the minimal contribution of FYM may
be attributed to a low breakdown rate during the
winter season (Pande and Singh 2016). Fertilization
based on target yield (250 g/ha) had a better
economic  response than  broad fertilizer
recommendations. Although the gross and net
returns in the soybean-potato cropping system were
significantly higher in the 100 percent recommended
dose of P + biofertilizers (Pseudomonas striata +
Glomus fasciculatum), the net B:C ratio was
significantly better in both doses (50 and 100%) of
recommended P applied through DAP (Munda et al.
2018). Biofertilizer application in greenhouse
tomato cultivation increased total energy input
(100.30 GJ/ha), total energy output (119.48 GJ/ha),
energy productivity (0.99 kg/MJ), and energy
output-input ratio (1.19), compared to control or
conventional fertilization (98.45 GJ/ha, 90.52 GJ/ha,
0.77 kg/MJ, and 0.92 kg/MJ, respectively) (Mihov
and Tringovska 2010).

Conclusion

Many species of micro-organisms have proved to be
beneficial in improving overall crop production.
Hence inoculation of these beneficial microbes
through priming treatment is advantageous in
overcoming problems of poor productivity of
vegetables. Biotic and abiotic stress, which are the
major problems in crop production can be managed
efficiently by biopriming. By increasing the nutrient
uptake by crop plants, it not only improves the crop
growth and development, but also enhances the
nutritional quality of the produce. Many studies
conducted on biopriming reveal that, the results of
biopriming are better compared to other seed
treatment methods. And it can be concluded that it is
an economically feasible, environmentally friendly
and effective measure to enhance the quality and
quantity of yield and yield attributing parameters.

HIRTIT



Vegetable Science, Vol 49(2), July-December (2022)

Qe Sl ® SUART dxa fAf= wd del | Sud
IR UTIRIFd "SI & IR & oY dIS aRuTg T
STIR FE@ MR §| Segw R gw Ao |
RATTULST T TR RS JHRUT & a1 IuTa=g
Tl @1 goed wRaT 7| dIN W EAghg B
arel e St el g g i o areelie Nfrel
@1 forarelierar & drearfed axd 2 ) o ume a@l
P SUAHAT H GIR PR ©§ AR U H qErg Bl
Rerfr # e dAdal & goornd aRd g | Ifdd:, e
UG AR Ied UG Ul dedl B SUANT B qerar H
ﬁﬁ-_ﬂ Ofde &R emifdd awmal & ufa dei @
H‘qﬁ g Heeadr iR faff=1 ool woall # 98
IRING AR FUHS F&T0l §RT I DI S A |
QeI Sial & gAanT @ fafr= adiel 9 9 wrsfi A
U JAATSHE dh-ld gl A1 28| I8 -l &
SUIRT 3R S9d BIMGREG J9Tdl DI W HF BT 2 |
gAY, BH GuR & oy o=y 49 Sy=R faftl &
fou & WRa R v RQeew & w0 § & 9
gIefiT &7 UuTd € W SUINT BT ARy | Ul 9
|l ok W, A= Jemopell iR wfesral # mrefET
IUAR & AegH 9 Ul & ghg iR fae Soie &
®Y H I GG SUINT B T B |

"ﬁy

References

Aamir M, Kashyap, SP, Zehra A, Dubey MK, Singh
VK, Ansari WA and Singh S (2019)
Trichoderma erinaceum bio-priming modulates
the WRKY’s defense programming in tomato
against the Fusarium oxysporum f. sp.
lycopersici (Fol) challenged condition. Front
Plant Sci 10:1-21.

Abbasi MK, Musa N and Manzoor M (2015)
Mineralization of soluble P fertilizers and
insoluble rock phosphate in response to
phosphate-solubilizing bacteria and poultry
manure and their effect on the growth and P
utilization efficiency of chilli (Capsicum
annuum L.). Biogeosciences 12, 4607-46109.

Abbasi S, Safaie N, Sadeghi A and Shamshakhsh M
(2020) Tissue-specific synergistic bio-priming
of pepper by two Streptomyces species against
Phytophthora capsici. Plos One 15 (3):1-18.
https://doi.org/10.1371/journal.pone.0230531.

Anjos APD, Oliveira GRF, Mello SDC, Silva MSD,
Gomes-Junior FG, Novembre ADDLC and
Azevedo RA (2020) Seed priming with seaweed
extract mitigate heat stress in spinach: effect on
germination, seedling growth and antioxidant
capacity. Bragantia 79: 502-511.

Avinash TS and Ravishankar RV (2017) Biocontrol
of Fusarium wilt disease of cucumber (Cucumis

254

sativus L.) in greenhouse and field. Int J Agric
Technol 13: 531-543.

Azarmi R, Hajieghrari B and Giglou A (2011) Effect
of Trichoderma isolates on tomato seedling
growth response and nutrient uptake. Afr J
Biotechnol 10 (31):5850-5855.

Bahadur KCK, Dias GM, Veeramani A, Swanton
CJ, Fraser D, Steinke D and Fraser ED (2018)
When too much isn’t enough: Does current food
production meet global nutritional needs. Plos
One 13(10):1-16.

Baiano A and Del-Nobile MA (2016) Antioxidant
compounds from vegetable matrices:
Biosynthesis, occurrence, and extraction
systems. Crit Rev Food Sci Nutr 56(12): 2053-
2068.

Balasubramanian S, Thilagar G, Ashwin R and
Bagyaraj D (2018) Biopriming with microbial
consortia on germination and growth of chilli. J
Soil Biol Ecol 38: 68-74.

Bhatt RM, Selvakumar G, Upreti KK and
Boregowda PC (2015) Effect of biopriming with
Enterobacter strains on seed germination and
seedling growth of tomato (Solanum
lycopersicum L.) under osmotic
stress. Proceedings of the National Academy of
Sciences, India Section B: Proc Biol Sci 85(1):
63-69.

Bowles TM, Barrios-Masias FH, Carlisle EA,
Cavagnaro TR and Jackson LE (2016) Effects of
arbuscular mycorrhizae on tomato yield, nutrient
uptake, water relations, and soil carbon
dynamics under deficit irrigation in field
conditions. Sci Total Environ 566: 1223-1234.

Brunda K (2017) Effects of seed biopriming under
different levels of nitrogen and phosphorus on
crop growth and nodulation of cowpea (Vigna
unguiculata). J Pharmacogn Phytochem 6(4):
1514-1516.

Callan NW, Marthre DE and Miller JB (1990) Bio-
priming seed treatment for biological control of
Pythium ultimum pre emergence damping-off in
sh-2 sweet corn. Plant Dis 74, 368-372.

Devika OS (2019) Economic appraisal of bio-
priming mediated stress moderation in crop
plants. Econ 64(3): 563-569.

Dhawal SK (2017) Seed bio-priming with arbuscular
mycorrhizae and graded level of P fertilization
on performance of okra in acidic soils of
Chandauli. Doctoral dissertation, Department of
Soil Science and Agriculture Chemistry,



255

Institute of Agricultural Sciences Banaras Hindu
University, Varanasi -221005 India.
Di Girolamo G and Barbanti L (2012) Treatment

conditions  and biochemical processes
influencing seed priming effectiveness. Ital J
Agron 7, 8-18.

Doleman JF, Grisar K, Van-Liedekerke L, Saha S,
Roe M, Tapp HS and Mithen RF (2017) The
contribution of alliaceous and cruciferous
vegetables to dietary sulphur intake. Food
Chem 234: 38-45.

Dutta SK, Layek J, Akoijam RS, Boopathi T, Saha
S, Singh SB and Prakash N (2019) Seaweed
extract as natural priming agent for augmenting
seed quality traits and yield in Capsicum
frutescens L. J Appl Phycol 31(6): 3803-3813.

Faroog M, Wahid A and Siddiqgue KHM (2012)
Micronutrients  application  through  seed
treatments- a review. J Plant Nutr Soil Sci 12,
125-142.

Forutan AM, Pirdashti H, Yaghoubian Y and
Babaeizad V  (2017) The effect of
Piriformospora indica seed bio-priming and
paclobutrazol foliar spraying on tolerance to
chilling stress in green beans (Phaseolus
vulgaris L.). Env Stress Crop Sci 10(3): 459-
474,

Galhaut L, Lespinay A, Walker DJ, Bernal MP,
Correal E and Lutts S (2014) Seed priming of
Trifolium repens L. improved germination and
early seedling growth on heavy metal-
contaminated soil. Water Air Soil Pollut 225, 1-
15.

Ghezal N, Rinez I, Shai H, Saad |, Faroog M, Rinez
A and Haouala R (2016) Improvement of Pisum
sativum salt stress tolerance by bio-priming their
seeds using Typha angustifolia leaves aqueous
extract. S Afr J Bot 105: 240-250.

Gowthamy U, Manonmani V, Sundareswaran S and
Bharani A (2018) Alleviation of cadmium stress
through seed biopriming on seed germination in
tomato. Proceedings of 4th International
Conference on Dry Zone Agriculture 2018, 1st
and 2" of November, Faculty of Agriculture
102.

Hassan ZAT, Shah AN, Jamro GM and Rajpar |
(2015) Biopriming of wheat seeds with
rhizobacteria containing ACC deaminase and
phosphate solubilizing activities increases wheat
growth and yield under phosphorus deficiency.
Pak J Agric Agric Eng Vet Sci 31: 24-32.

Hegde et al.: Biopriming in vegetable crops

Hussein KA and Joo JH (2018) Plant growth-
promoting rhizobacteria improved salinity
tolerance of Lactuca sativa and Raphanus
sativus. J Microbiol Biotechnol 28(6): 938-945.

lyaka YA, ldris S, Alawode RA, and Bagudo BU
(2014) Nutrient content of selected edible leafy
vegetables. Am J Appl Chem 2(3): 42-45.

Jaiman RK, Acharya SK, Pathan NP, Deshmukh AJ,
Desai HA, Patel PK and Amin AU (2020) In
vitro effect of seed bio-priming techniques on
seed germination and seedling vigour of few
vegetable crops. J Appl Nat Sci 12(4): 702-709.

Jehani MD, Patel PR and Chaudhary AK (2019)
Evaluation of bioagents against
Colletotrichumcapsici  caused  anthracnose
disease of yam (Dioscoreaalata L.). J
Pharmacogn Phytochem 8(3): 4788-4790.

Ji S, Liu Z, Liu B, Wang Y, and Wang J (2020) The
effect of Trichoderma biofertilizer on the quality
of flowering Chinese cabbage and the soil
environment. Sci Hortic 262:1-8.
https://doi.org/10.1016/j.scienta.2019. 109069.

Jilani G, Akram A, Ali RM, Hafeez FY, Shamsi IH,
Chaudhry AN and Chaudhry AG (2007)
Enhancing crop growth, nutrients availability,
economics and  beneficial rhizosphere
microflora through organic and biofertilizers.
Ann Microbiol 57: 177-184.

Karthika C, Vanangamudi K and Nagendran K
(2016) Influence of seed biopriming and organic
manure nutrition on okra organic seed
production. Adv Res J Crop Improv 7(1): 1-9.0

Kasim WAEA, Saad-Allah KM and Hamouda M
(2016) Seed priming with extracts of two
seaweeds alleviates the physiological and
molecular impacts of salinity stress on radish
(Raphanus sativus). Int J Agric Biol 18(3): 653-
660.

Kumar A, Choudhary AK, and Suri VK (2017)
Agronomic  bio-fortification —and  quality
enhancement in okra-pea cropping system
through arbuscular mycorrhizal fungi at varying
phosphorus and irrigation regimes in Himalayan
acid Alfisol. J Plant Nutr 40(8): 1213-1229.

Kumar P, Aeron A, Shaw N, Singh A, Bajpai VK,
Pant S and Dubey RC (2020) Seed bio-priming
with  tri-species consortia of phosphate
solubilizing rhizobacteria (PSR) and its effect on
plant growth promotion. Heliyon 6(12): 1-8.
https://doi.org /10.1016/ J- heliyon.
2020.e05701.



Vegetable Science, Vol 49(2), July-December (2022)

Kumar SG, Bhatt RM, Upreti KK, Bindu GH and
Shweta K (2015) Citricoccus zhacaiensis B-4
(MTCC 12119) a novel osmotolerant plant
growth promoting actinobacterium enhances
onion (Allium cepa L.) seed germination under
osmotic stress conditions. World J Microbiol
Biotechnol 31(5): 833-839.

Li Z, Wu N, Meng S, Wu F and Liu T (2020)
Arbuscular mycorrhizal fungi (AMF) enhance
the tolerance of Euonymus maackii Rupr. at a
moderate level of salinity. Plos One 15(4): 1-
16.https://doi.org/10.1371/journal.pone.0231497

Martinez-Medina A, Roldann A and Pascual JA
(2009) Performance of a Trichoderma
harzianum bentonite-vermiculite formulation
against Fusarium wilt in seedling nursery melon
plants. Hort Sci 44:2025-2027

Mbarki S, Cerda A, Brestic M, Mahendra R,
Abdelly C and Pascual JA (2017) Vineyard
compost supplemented with  Trichoderma
harzianum T 78 improve saline soil quality.
Land Degrad Dev 28(3): 1028-1037.

Mc Donald MB (2000) Seed priming. In: Black, M.,
Bewley, J.D. (eds). Seed Technology and its
Biological Basis. Sheffield, Sheffield Academic
Press, 287-325.

Meena VS, Meena SK, Verma JP, Kumar A, Aeron
A, Mishra PK and Dotaniya ML (2017) Plant
beneficial rhizospheric microorganism (PBRM)
strategies to improve nutrients use efficiency: a
review. Ecol Eng 107: 8-32.

Mehjabeen AK, Rakshit A and Ghanshyam RKD
(2020) Trichoderma improves photosynthetic
features of Phaseolus vulgaris cv. HUR-137 in
Varanasi region of Uttar Pradesh. J Pharmacogn
Phytochem 9(1):2127-2130.

Mihov M and Tringovska | (2010) Energy efficiency
improvement of greenhouse tomato production
by applying new biofertilizers. Bulg J Agric Sci
16, 454-458.

Mohan R and Sundareswaran S (2021) Tomato
seeds bioprimed with bioagents to control seed-
borne pathogens. Int J Adv Agric Sci Technol
8(2): 55-61.

Moharam MH and Negim OO (2012) Biocontrol of
Fusarium wilt disease in cucumber with
improvement of growth and mineral uptake
using some antagonistic formulations. Commun
Agric Appl Biol Sci 77 (3):53-63

Molla AH, Haque M, Haque A and llias GNM
(2012)  Trichoderma-enriched  biofertilizer

256

enhances production and nutritional quality of
tomato (Lycopersicon esculentum Mill.) and
minimizes NPK fertilizer use. Agric Res
1(3):265-272

Mona MMR, Ashour AMA, El-Mohamedy RSR,
Morsy AA and Hzanafy EK (2017) Seed bio
priming as biological approach for controlling
root rot soil borne fungi on soybean (Glycine
max L.) plant. Int J Agric Technol 13(5): 771-
788.

Monalisa SP, Beura JK, Tarai RK and Naik M
(2017) Seed quality enhancement through
biopriming in common bean (Phaseolus vulgaris
L.). J Appl Nat Sci 9(3): 1740-1743.

Monalisa SP, Patra S and Patra R (2016) Biopriming
effect on the bio-chemical and physiological
parameters of common bean. Progress Res J 11
(3): 427-429.

Munda S, Shivakumar BG, Rana DS, Gangaiah B,
Manjaiah KM, Dass A, Layek J and Lakshman
K (2018) Inorganic phosphorus along with
biofertilizers  improves  profitability  and
sustainability in soybean (Glycine max)-potato
(Solanum tuberosum) cropping system. J Saudi
Soc Agric Sci 17, 107-113.

Naik M (2015) Effect of biopriming on seed quality
and management of seed borne pathogens in
Garden pea (Pisum sativum L.), (Doctoral
dissertation).

Narayanamma M, Chiranjeevi CH, Reddy IP and
Ahmed SR (2005) Integrated nutrient
management in cauliflower (Brassica oleracea
var. botrytis L.). Veg Sci 32, 62-64.

Nawaz H, Hussain N, Ahmed N and Javaiz A (2021)
Efficiency of seed bio-priming technique for
healthy Mung bean productivity under terminal
drought stress. J Integr Agric 20(1): 87-99.

Negi S, Bharat NK and Kumar M (2019a) Effect of
seed biopriming with indigenous PGPR,
Rhizobia and Trichoderma sp. on growth, seed
yield and incidence of diseases in French bean.
Legume Res 47:288-295.

Negi YK, Pandey C, Prabha D and Chauhan JS
(2019b) Plant growth promoting bacteria
enhance nutrient use efficiency and crop yield
under organic cultivation. In Geophys Res Abstr
21: 1-1.

Padayachee A, Day L, Howell K and Gidley MJ
(2017) Complexity and health functionality of
plant cell wall fibers from fruits and
vegetables. Crit Rev Food Sci Nutr 57(1): 59-81.



257

Pal S and Singh HB (2018) Energy inputs and yield
relationship in greenhouse okra production by
bio-priming. Int J Agric Environ Biotechnol
11(5): 741-746.

Pande J and Singh S (2016) Fertilizer
recommendations based on target yield concept
for cabbage grown in a Mollisol of Uttarakhand.
J Indian Soc Soil Sci 64: 265-270.

Parmar DK (2018) Yield, produce quality and soil
health under vegetable cropping systems as
influenced by integrated nutrient management in
Mid-hill Zone of Himachal Pradesh. J Indian
Soc Soil Sci 62: 45-51.

Patade VY, Khatri D, Manoj K, Kumari M and
Ahmed Z (2012) Cold tolerance in thiourea
primed capsicum seedlings is associated with
transcript regulation of stress responsive genes.
Mol Bio Rep 39, 10603-13.

Patel HD, Brahmbhatt N, Patel J, Patel R, Thaker P
and Brahmbhatt N (2019 Effect of seaweed
extract on different vegetables as a bio fertilizer
in farming. Int J Res 7(3): 2062-2067.

Patel RV, Pandya KY, Jasrai RT and Brahmbhatt N
(2018) Efficacy of priming treatment on
germination, development and enzyme activity
of Allium cepa L. and Brassica oleracea var
capitata. Res J Life Sci Bioinform Pharm Chem
Sci 4(2): 55-68

Pawar RD, Bramhankar SB, Kadu PR, Kakad SA,
Pillai T, Labhasetwar AA and Bhure SS (2019)
Bio-Priming of seed for management of
damping-off of Chilli. J Pl Dis Sci 14(1): 35-40.

Pereira JAP, Vieira IJC, Freitas MSM, Prins CL,
Martins MA and Rodrigues R (2016) Effects of
arbuscular mycorrhizal fungi on Capsicum spp.
J Agric Sci 154: 828-849.

Phooi CL, Azman EA and Ismail R (2021) Effect of
biopriming with food waste bokashi leachate on
Basella rubra L. seed germination and root
growth performance. Campus Directors’
Foreword 41-124.

Piri R, Moradi A, Balouchi H and Salehi A (2019)
Improvement of cumin (Cuminum cyminum)
seed performance under drought stress by seed
coating and biopriming. Sci Hortic 257: 1-8.
https://doi.org/10.1016/j.scienta.2019. 108667

Rahman MN, Tumpa FH, Islam AKMS and Khokon
MA (2020) Bio-priming of cucurbits and okra
seeds with culture filtrates of Trichoderma
harzianum for controlling seed-borne fungi. J
Bangladesh Agril Univ 18(1): 12-16.

Hegde et al.: Biopriming in vegetable crops

Rai AK and Behera S (2019) Response of seed bio-
priming on chilli (Capsicum annum L.).J
Pharmacogn Phytochem 8(1): 900-903.

Rai AK, Das H and Basu AK (2019a) Response of
bio-priming in okra for vegetable production. J
Appl Nat Sci 11(3): 687-693.

Rai AK, Das H and Basu AK (2019b) Seed quality
of okra produced after bio-priming. Int J Curr
Microbiol Appl Sci 8(6): 2166-2173.

Raj CM, Sundareswaran S and Nakkeeran S (2017)
Biopriming of seed with bioagents to control
seed-borne fungi of chilli cv. K 2. Biosci Trends
10(2): 823-826.

Rajput RS, Singh P, Singh J, Vaishnav A, Ray S and
Singh HB (2019) Trichoderma mediated seed

biopriming augments  antioxidant  and
phenylpropanoid activities in tomato plant
against  Sclerotium  rolfsii.J  Pharmacogn

Phytochem 8: 2641-2647.

Rakshit A (2019) Impact assessment of bio priming
mediated nutrient use efficiency for climate
resilient agriculture. In Climate Change and
Agriculture in India: Impact and Adaptation
Springer, Cham, 57-68.

Rakshit A, Pal S, Rai S, Rai A, Bhowmick MK and
Singh HB (2013) Micronutrient seed priming: a
potential  tool in  integrated  nutrient
management. SATSA  Mukhaptra  Annual
Technical Issue 17: 77-89.

Reddy PP (2012) Bio-priming of seeds. In Recent
advances in crop protection. Springer, New
Delhi. 83-90.

Rinez 1, Ghezal N, Rinez A, Muhammad F. Dbara S,
Saad | and Haouala R (2018) Improving salt
tolerance in pepper by bio-priming with Padina
pavonica and Jania rubens agueous extracts. Int
J Agric Biol 20(3): 513-523.

Santiago AD, Garcia-Lopez AM, Quintero JM,
Aviles M and Delgado A (2012) Effect of
Trichoderma asperellum strain T34 and glucose
addition on iron nutrition in cucumber grown on
calcareous soils. Soil Biol Biochem 57:598-605

Sarkar D and Rakshit A (2021) Bio-priming in
combination with mineral fertilizer improves
nutritional quality and yield of red cabbage
under Middle Gangetic Plains, India. Sci Hortic
283: 1-12.
https://doi.org/10.1016/j.scienta.2021.110075

Sathya S, Lakshmi S and Nakkeeran S (2016 a)
Combined effect of biopriming and polymer



Vegetable Science, Vol 49(2), July-December (2022)

coating against chilli damping off. IJASR 6(3):
45-54,

Sathya S, Lakshmi S and Nakkeeran S (2016 b)
Combined effect of biopriming and polymer
coating on chemical constituents of root
exudation in chilli (Capsicum annuum L.) cv. K
2 seedlings. J Appl Nat Sci 8(4): 2141-2154.

Schreinemachers P, Simmons EB and Wopereis
MCS (2018) Tapping the economic and
nutritional power of vegetables. Glob Food Sec
16: 36-45.

Sharma A, Kumar V, Shahzad B, Tanveer M, Sidhu
GPS, Handa N and Thukral AK (2019)
Worldwide pesticide usage and its impacts on
ecosystem. SN Appl Sci 1(11): 1-16.

Shukla N, Awasthi RP, Rawat L and Kumar J
(2015) Seed biopriming with drought tolerant
isolates of Trichoderma harzianum promote
growth and drought tolerance in Triticum
aestivum. Ann Appl Biol 166(2): 171-182.

Silva MBPD, Silva VN and Vieira LC (2021)
Biopriming of sweet pepper and tomato seeds
with Ascophyllum nodosum. Rev Fac Nac Agron
Medellin 74(1): 9423-9430.

Singh P, Singh J, Ray S, Rajput RS, Vaishnav A,
Singh RK and Singh HB (2020) Seed
biopriming with antagonistic microbes and
ascorbic acid induce resistance in tomato against
Fusarium wilt. Microbiol Res 237: 1-13.
https://doi.org /10.1016 /j.micres. 2020.126482

Singh V, Upadhyay RS, Sarma BK and Singh HB
(2016) Trichoderma asperellum spore dose
depended modulation of plant growth in
vegetable crops. Microbiol Res 193: 74-86.

Song GC, Choi HK, Kim YS, Choi JS and Ryu CM
(2017) Seed defence biopriming with bacterial
cyclodipeptides triggers immunity in cucumber
and pepper. Sci Rep 7(1): 1-15.

Sreekanth GB, Varghese T, Mishal P, Sandeep KP
and Praveen KV (2015) Food security in India:
Is aquaculture a solution in the offing. Int J Sci
Res 4(3): 553-560.

Sukanya V, Patel RM, Suthar KP and Singh D
(2018) An overview: Mechanism involved in
bio-priming mediated plant growth promotion.
IJPAB 6(5): 771-783.

Tanwar A, Aggarwal A, Kaushish S and Chauhan S
(2013) Interactive effect of AM fungi with
Trichoderma  viride and  Pseudomonas

258

fluorescens on growth and yield of broccoli.
Plant Prot Sci 49:137-145

Taylor AG, Allen PS, Bennett MA, Bradford JK,
Burris JS and Mishra MK (1998) Seed
enhancements. Seed Sci Res 8, 245-256.

Tian J, Bryksa BC and Yada RY (2016) Feeding the
world into the future — food and nutrition
security: the role of food science and
technology. Front Life Sci 9(3): 155-166.

Tuomisto HL, Scheelbeek PF, Chalabi Z, Green R,
Smith RD, Haines A and Dangour AD (2017)
Effects of environmental change on agriculture,
nutrition and health: a framework with a focus
on fruits and vegetables. Wellcome Open Res
2:1-31.

Turan M, Ekinci M, Yildirim E, Giine,SA, Karagtz
K, Kotan R and Dursun A (2014) Plant growth-
promoting rhizobacteria improved growth,
nutrient, and hormone content of cabbage
(Brassica oleracea) seedlings. Turk J Agric For
38, 327-333.

Warwate Sl, Kandoliya UK, Bhadja NV and
Golakiya BA (2017) The effect of plant growth
promoting rhizobacteria (PGPR) on biochemical
parameters of coriander (Coriandrum sativum
L.) seedling. Int J Curr Microbiol Appl Sci 6(3):
1935-1944.

Wimalasekera R (2015) Role of seed quality in
improving crop yields. In Crop production and
global environmental issues, Springer, Cham
153-168.

Yadav A, Suri VK, Kumar A and Choudhary AK
(2018) Effect of AM fungi and phosphorus
fertilization on P-use efficiency, nutrient
acquisition and root morphology in pea
(Pisumsativum L.) in an acid Alfisol. J Plant
Nutr 41(6): 689-701.

Yedidia I, Srivastva AK, Kapulnik Y and Chet |
(2001) Effect of T harzianum on microelement
concentrations and increased growth of
cucumber plants. Plant Soil 235:235-242

Yoo SJ, Weon HY, Song J and Sang MK (2019)
Induced tolerance to salinity stress by
halotolerant bacteria Bacillus aryabhattai H19-1
and B. mesonae H20-5 in tomato plants. J
Microbiol Biotechnol 29(7): 1124-1136.

Zameer M, Zahid H, Tabassum B, Ali Q, Nasir IA,
Saleem M and Butt SJ (2016) PGPR potentially
improve growth of tomato plants in salt-stressed
environment. TURJAF 4(6): 455-463.



