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Abstract

Chickpea is a source of energy, protein, vitamins, minerals,
and fiber and without cholesterol. Chickpea makes it
possible to cover the protein deficit of the Indian and
Mediterranean populations. The aim of our work is to study
the effects of biopriming, which is a technique of priming
seeds with living microbial cells (in our case we used
rhizobium isolates) on germination and growth under water
stress. The chickpea varieties used in the experiment are
Farihane, Zahor, Rizki, and Bouchra. After 7 days, the
biopriming seedlings were separated into two lots in a
growth chamber with irrigation at 40% and 80% of field

capacity. The results showed an increase in germination
parameters such as the germination percentage, mean
germination time and T50. Treatment of Zahor seeds with
rhizobia improved germination percentage by 15%
compared to unprimed seeds. For the varieties Farihane and
Zahor, biopriming improved the MGT by 37 and 42%
respectively compared to the unprimed seeds. For the
variety Zahor, plant growth resulting from biopriming
decreased by only 9% under severe water deficit. In
conclusion, biopriming with Rhizobium isolates improved
all studied germination and growth parameters.
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Introduction

The legume family is vast, consisting of many species of peas, beans and chickpeas, and plays an important role in ecology,
agriculture and economy (De Ron, 2015) [6, Chickpea is a crop that will become increasingly important with climate change
(Merga and Haji, 2019) °1, Indeed, the nutritional value of chickpea in terms of nutrition and particularly its high protein
content have made chickpea a key food in human nutrition in developing countries (Malunga et al., 2014) [*71. Moreover, the
chickpea, like all legumes, is a food naturally rich in vitamins and without cholesterol; it is widely used in vegetarian recipes
(Mefleh et al., 2022) 81, The world production of chickpea crop ranks third after beans with an annual production of 11.5
million tons, most of the production is concentrated in India. The area under chickpea is 14.56 million hectares. More than 2.3
million tons of chickpeas are produced each year. In Morocco, the chickpea occupies the second position after the bean and
consists mainly of the Kabuli type (Khadraji et al., 2020) (2],

The interest of legumes lies in the particularity of forming symbioses with Rhizobia (Concha and Doerner, 2020) Bl The
nodule within which nitrogen fixation takes place, which is summarized by the reduction of atmospheric nitrogen N> in
ammonia form (Lindstrom and Mousavi, 2020) [*31. In addition, their inclusion in cropping systems improves soil fertility and
allows for a reduction in fertilizer use for subsequent crops. This reduction in the use of nitrogenous fertilizers results in a
reduction in greenhouse gas emissions (Boddey et al., 2020) 4,

Drought is among the most limiting abiotic factors in global production, water deficit starts at the root level by directly
affecting the water absorption process (Knipfer and Fricke, 2010) 'Y, This constraint causes the reduction of aerial growth and
different physiological and biochemical changes (Mouradi et al., 2016; Khadraji et al., 2017) ¥, The water deficit can also
affect phosphate nutrition in semi-arid areas by drastically reducing the possibilities of desorption of phosphate ions from the
solid phase of the soil and their transfer to the root. Indeed 95% of the phosphorus taken must be transformed before being
transferred to the plant (Rouphael et al., 2012) [?°1,

Priming is one of the best-known pre-seeding techniques for influencing seedling development by modulating the metabolic
activities of germination before radicle breakthrough. That is, during the reversible phase of germination, the seed can be
rehydrated while retaining its ability to germinate (Lutts et al., 2016) . During priming, primed seeds become activated more
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rapidly and begin the metabolic processes associated with
germination initiation (Mouradi et al., 2016; Khadraji et al.,
2017) Pl In addition, seed priming stimulates various
metabolic processes that enhance seed germination and
allows the germination of dormant seeds, particularly
legume seeds (Pawar and Laware, 2018) 4. There are
different seed priming techniques like hydropriming,
halopriming, 0smo-priming, hormone-priming,
thermopriming, matrix-priming and solid-priming (Mouradi
et al., 2023) 4, Biopriming is a combination of seed
priming and bacterial inoculation, it is a simple, economical
and effective technique to improve the tolerance and
establishment of plants in a stressful environment
(Mahmood et al., 2016; Labhrizi et al., 2021) > 2 Applied
treatment of plant growth stimulants, rhizobacteria (PGPR)
after seed priming may have the ability to counteract
oxidative damage under water stress and improve stress
tolerance for better crop yield (Pawar and Laware, 2018) 24,
PGPR possesses the enzyme 1-aminocyclopropane-1-
carboxylateeaminase (ACC)-deaminase, which inhibits the
plant retarding hormone-ethylene and promoted antioxidant
defense system to improve tolerance against terminal water
stress in legume, crops (Glick et al., 2007) 8. The objective
of this work was to study the effect of biopriming on the
germination and growth of some chickpea varieties.

Materials and Methods

The experiment was conducted in Laboratory of
Biotechnology and Agrophysiology of Symbiosis. Seeds of
four varieties of chickpea (Farihane, Zahor, Rizki and
Bouchra) from INRA Settat were surface disinfected with
1% solution of sodium hypochlorite for 2-3 minutes and
rinsed several times. Nodules recovered from chickpea roots
were sterilized by ethanol, followed by rinsing in distilled
water. Then, the bacterial isolates were spread in a petri dish
containing YEM medium for 48 hours at 28°C. Colonies in
each dish were suspended in 20mL of Carboxy Methyl
Cellulose (CMC) and pectin solution used as adhesive
polymers for the bio-priming process of chickpea seeds
(Sufyan et al., 2020) 1. The seeds were dried in moist
chamber for 24 hours. Chickpea seeds only treated with
Carboxy Methyl Cellulose solution taken as control. After 7
days of germination in petri dishes, the seeds were
transplanted into a culture room (28 °C). The seedlings were
subjected to two treatments (40%) and a control at 80% of
field capacity (FC). Water stress was applied to plants for a
40 day period; the length of the aerial part was measured
(cm).

Germination percentage (GP %o): it represents the final
number of germinated seeds (n) in proportion to the total
number of seeds sown (N) in each Petri dish and was
calculated according to the following formula by Onofri et
al. 2018 and expressed in %. (GP) = (n/ N) x 100

Mean germination time (MGT): It was calculated
according to the equation of Ellis and Roberts (1981) [l and
expressed in days. The equation is as follows: MGT =) D n
/> n

Where, “D” is the number of days counted from the
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beginning of the test and “n” is the number of seeds that
germinate on day ‘D’.

Time to 50% germination (T50): T50 was defined as days
needed to reach 50 per cent of final germination percentage.
T50 was calculated according to the formula of Coolbear et
al. (1990) “ using the following formula: T50 = ti + [(N / 2)
-ni) (ti-tj)] / (ni-nj)

Where, N is the final number of germination and ni, nj
cumulative number of seeds sprouted by adjacent counts
times ti and tj when ni <N / 2 <nj.

Statistical Analysis: After 7 days, the parameters of
germination were recorded. The data was statistically
analyzed using SPSS (21.0) software. Two-way analysis of
variance (ANOVA 1) were performed using three replicates
per combination per treatment for almost all studied
parameters. The treatment means were compared by
ANOVA and the least significance difference test was
applied for checking the significance of values (P>0.05).

Results and Discussion

Effect of Biopriming Chickpea Seeds on Germination
Percentage

Germination percentage increased significantly (P< 0.001,
Table 1) in the treated varieties compared to their respective
controls. The highest PG values was noted in the rhizobium
treated varieties Zahor and Farihane with a germination
percentage (100%) compared to their respective controls
(85% and 95%). On the other hand, the variety Rizki
presented the lowest value (85%) in the unprimed seeds.
Biopriming significantly improved the germination
percentage of seeds of different species such as Canola seed
(Ataei et al., 2016) U, Brassica rapa seeds (Chin et al.,
2021) Bl and chickpea seeds (Yadav et al., 2013) [28],

Effect of Biopriming Chickpea Seeds on MGT

Mean germination time (MGT) was significantly different
(P<0.001, Table 1) in the treated varieties compared to their
respective controls. The MGT of all seeds primed with
bacterial isolates was improved (between 17 and 41%)
compared to their controls. For the varieties Farihane and
Zahor an improved MGT of 37 and 42% respectively was
recorded. Biopriming of seeds stimulates the mobilization of
reserves and consequently reduces the germination time and

improves the germination percentage (Makhaye et al., 2021)
[16],

Effect of Biopriming Chickpea Seeds on T50

The time for 50% of seeds to germinate varied significantly
(P< 0.001, Table 1) in the treated varieties compared to their
respective controls. Most of the seeds of the varieties
(Zahor, Rizki and Farihane) primed by bacterial isolates
improved T50 (41%, 34 and 44%, respectively) compared to
their controls. For the Bouchra variety, an increase in T50 of
3% was noted. Biopriming had a positive effect on T50
which is in agreement with the work of Sowmya et al,(2022)
(6] who noted that T50 and mean germination time (MGT)
were also lower (1.42 days and 1.77 days) in seeds primed
with phosphorus solubilizing bacteria (PSB).
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Table 1: Effect of seed biopriming (UP: Control and BioP: primed seeds) on germination percentage, mean germination time (MGT) and
T50 in four chickpea varieties (Bouchra, Zahor, Rizki and Farihane). Values are means of three replicates + standard errors

Varieties treatment PG% MGT (d) T50 (d)
Bouchra L_JP 95be 4.78+ 0.12%¢ 4.384+ 0.057%
BioP 90 4.65+0.050b 4.396+ 0.019%
Zahor QP 85abe 4.91+ 0.0272 4.470+ 0.0382
BioP 1002 4.53 +0.0412 4.276+ 0.021¢
RizKi QP 85°¢ 4.81+ 0.105% 4.491 £0.0792
BioP 92.5% 4,58+ 0.159% 4.323+ 0.025%¢
Farihane L_JP 95abe 4.87 £0.098? 4.422+ 0.069°
BioP 1002 4.55+ 0.051¢ 4.237+ 0.010¢
df f df f df f
Varieties 7 6.04™" 7 8.5™ 7 11.4™
Error 16 16 16
Values followed by a different letter are significantly different at p < 0.05.
Length of Aerial Part 6. De Ron AM. Grain Legumes. Springer-Verlag New
The results obtained showed that in the seedlings resulting York ed: Springer-Verlag New York, 2015, p438.
from biopriming, the length of the aerial part of the Bouchra 7. Ellis RA, Roberts EH. The quantification of ageing and
variety decreased only by 11% compared to the control survival of orthodox seeds. Seed Science and
(29%) under water deficit 40% of field capacity. For the Technology. 1981; 9:373-4009.
variety Rizki, the length of the stem decreased, only by 5% 8. Glick BR, Todorovic B, Czarny J, Cheng Z, Duan J,
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cost, very practical and guarantees the growth of plants and 170.
their adaptation to water stress conditions. 12. Lahrizi Y, Oukaltouma K, Mouradi M, Farissi M,
Qaddoury A, Bouizgaren A, Ghoulam C. Seed
References biopriming with osmo-tolerant rhizobacteria enhances
1. Ataei Somagh H, Mousavi SM, Omidi H, the tolerance of alfalfa (Medicago sativa L.) rhizobia
Mohammadian E, Hemmati M. Canola seed symbiosis to water deficit. Appl. Ecol. Environ. Res.
germination and seedling growth in response to the 2021; 19. Doi: 10.15666/aeer/1901_563580
saline condition and bio-priming. Iranian Journal of 13. Lindstrom K, Mousavi SA. Effectiveness of nitrogen
Plant Physiology. 2016; 7(4):2149-2156. fixation in rhizobia. Microb. Biotechnol. 2020;
2. Boddey RM, Casagrande DR, Homem BGC, Alves 13:1314-1335. Doi: 10.1111/1751-7915.13517
BJR. Forage legumes in grass pastures in tropical Brazil 14. Lutts S, Benincasa P, Wojtyla L, Kubala S, Pace R,
and likely impacts on greenhouse gas emissions: A Lechowska K. et al. Seed priming: New comprehensive
review. Grass Forage Sci. 2020; 75:1-15. Doi: approaches for an old empirical technique. New
10.1111/gfs.12498 challenges in seed biology-Basic and translational
3. Chin JM, Lim YY, Ting ASY. Biopolymers for research driving seed technology. Tech.Open, Rijeka,
biopriming of Brassica rapa seeds: A study on coating Croatia, 2016, 1-46.
efficacy, bioagent viability and seed germination J. 15. Mahmood A, Turgay OC, Faroog M, Hayat R. Seed
Saudi Soc. Agric. Sci. 2021; 20(3):198-207. biopriming with plant growth promoting rhizobacteria:
4. Coolbear P, Slater RJ, Bryant JA. Changes in nucleic A review. FEMS Microbiol. Ecol. 2016; 92:fiwl112.
acid levels associated with improved germination Doi: 10.1093/femsec/fiwl12
performance of tomato seeds after low temperature 16. Makhaye G, Aremu AO, Gerrano AS, Tesfay S, Du
presowing treatment. Annals of Botany. 1990, 665:187- Plooy CP, Amoo SO. Biopriming with seaweed extract
195. and  microbial-based  commercial  biostimulants
5. Concha C, Doerner P. The impact of the rhizobia- influences seed germination of five Abelmoschus
legume symbiosis on host root system architecture. J. esculentus genotypes. Plants. 2021; 10:p1327.
Exp. Bot. 2020, 71:3902-3921. 17. Malunga LN, Bar-El SD, Zinal E, Berkovich Z, Abbo

188


http://www.multiresearchjournal.com/

International Journal of Advanced Multidisciplinary Research and Studies

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

S, Reifen R. The potential use of chickpeas in
development of infant follow-on formula. Nutrition
Journal. 2014; 13(1):p8. D0i:10.1186/1475-2891-13-8
Mefleh M, Pasqualone A, Caponio F, Faccia M.
Legumes as basic ingredients in the production of dairy-
free cheese alternatives: A review. J. Sci. Food Agric.
2022; 102:8-18.

Merga B, Haji J. Economic importance of chickpea:
Production, value, and world trade. Cogent. Food Agric.
2019; 5:p1615718.

Mouradi M, Bouizgaren A, Farissi M, Ghoulam C. Seed
osmopriming improves plant growth, nodulation,
chlorophyll fluorescence and nutrient uptake in alfalfa
(Medicago sativa L.) rhizobia symbiosis under drought
stress. Scientia Horticulturae. 2016; 213:232-242.
Mouradi M, Farissi M, Khadraji A, Bouizgaren A,
Qaddoury A, Ghoulam C. Seed Priming and Nano
Priming Techniques as Tools to Alleviate Osmotic
Stress in Legumes. In: Biosaline Agriculture as a
Climate Change Adaptation for Food Security. Choukr-
Allah, R., Ragab, R. (eds). Springer, Cham, 2023. Doi:
https://doi.org/10.1007/978-3-031-24279-3 7

Nawaz H, et al., Efficiency of seed bio-priming
technique for healthy mungbean productivity under
terminal drought stress. Journal of Integrative
Agriculture. 2021; 20(1):87-99.

Onofri A, Benincasa P, Mesgaran MB, Ritz C.
Hydrothermal-time-to-event ~ models  for  seed
germination. Eur J Agron. 2018; 101:129-139. Doi:
https://doi.org/10.1016/j.eja.2018.08.011.

Pawar VA, Laware SL. Seed Priming a Critical Review.
Int. J. Sci. Res. Biol. Sci. 2018; 5:94-101. Doi:
10.26438/ijsrbs/v5i5.94101

Rouphael Y, Cardarelli M, Schwarz D, Franken P,
Colla G, et al. Effects of drought on nutrient uptake and
assimilation in vegetable crops. Plant responses to
drought stress, 2012, 171-195.

Sowmya KJ, Rame Gowda RPS, Yogeesha HS et al.
Enhancement of seed quality attributes through
biopriming in cucumber (Cucumis sativus L.) The
Pharma Innovation Journal. 2022; 11(3):491-497.
Sufyan M, Tahir MI, Haq MIU, Hussain S, Saeed M.
Effect of seed bio priming with rhizobacteria against
root associated pathogenic fungi in chickpea. Pak J
Phytopathol. 2020, 32:89-96. Doi:
https://doi.org/10.33866/phytopathol.032.01.0567
Yadav SK, Dave A, Sarkar A, Singh HB, Sarma BK.
Co-inoculated biopriming with Trichoderma,
Pseudomonas and Rhizobium improves crop growth in
Cicer arietinum and Phaseolus vulgaris. Int J Agric
Environ Biotech. 2013; 6:255-259.

www.multiresearchjournal.com

189


http://www.multiresearchjournal.com/
https://doi.org/10.33866/phytopathol.032.01.0567

