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ABSTRACT

In agriculture, interference between environmental constraints and plant life processes is a determining factor of
crop productivity. Conservation of adapted phytogenetic resources is a tool to preserve biodiversity and ensure food
security. The present experiment was conducted during 2022 and 2023 at Yahia Fares University of Medea, Algeria
to study the response strategy of two indigenous legumes, pea (Pisum sativum L.) and chickpea (Cicer arietinum L.)
genotypes to drought stress explored at seeds emergence and seedlings establishment stages. The experiment was
laid out in a factorial completely ramdomized design (F-CRD). The seeds of both species were primed with different
H,0, concentrations (0, 2, 5, 10 and 12 mM) and germinated under water stress (5%, 10%, 15% of PEG) along with
unprimed control (0%) using distilled water. Drought stress had significantly reduced germination in pea seeds than
chickpea seeds. Primed chickpea showed high germination rates (+ 85%) at (15% of PEG), speed germination (SG) and
seedling vigour (SVI) (+38%) and (+ 40%), respectively at (10% of PEG) compared to pea seeds. Maximum growth
parameters: radical length, hypocotyls length, epicotyls length and whole plant increased about 38%, 30%, 50% and
10% respectively for pea seedlings grown under all treatments. Fresh and dry weights were significantly improved in
pea plants than chickpea. Statistical analysis indicated significant differences in the combined impacts of the studied
species, the primer concentrations and the drought stress intensity at P<0.05, P<0.01 and P<0.001. Our findings are
beneficial to understanding the response mechanisms to drought stress for breeding programme of grain legumes.

Keywords: Chickpea, H,O,, Pea, Stress memory, Tolerance, Water stress

Pea (Pisum sativum L.) and chickpea (Cicer arietinum
L.) are two legumes species highly consumed in the world.
India is the first producer of chickpea with 70% of global
production (Nedumaran et al. 2024). Pea and chickpea
seeds are rich in nutritional compounds such as protein,
fiber, vitamins and minerals due to their ability to induce
a symbiotic nitrogen fixation with Rhizobia (Reginah et
al. 2024). In Algeria, the introduced genotypes of pea and
chickpea record notable loss due to drought stress in arid
and sub-arid areas. The germination stage is the beginning
of the development cycle of plants. Nevertheless, the
seed germination and seedlings establishment are very
susceptible to limited water availability. The inadequate
moisture induces irregular germination of seeds and
asynchronization of plants establishment. It also alters the
metabolic and physiological mechanisms, cell division,
cell osmotic pressure and enzymatic activities, thereby
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reducing the number of pods, grain filing and crop yield.
Priming technique is technique whose principle is based
on storage in seeds and plants of information from a
previously applied stress as a stress memory once the stress
stopped and the memory is retrieved during a subsequent
“triggering stress” to improve stress tolerance (Leuendorf
et al. 2020, Nabi et al. 2020). According to Bailly et al
(2008), the H,O, priming of seeds acts as the perception of
the “oxidative window for germination”. H,O, is reactive
oxygen species (ROS) regulating the genes expression
for enhancing antioxidant response, reducing lipid per
oxidation, ensuring membrane integrity and relative water
contents in seeds and plants. Very few works focuses on
comparative response of two legumes species grown in water
stress x priming conditions and to evaluate the regulatory
potential between the stages of development of plant.
In current study, we assessed a comparative response
between germination stage and seedling stage submitted
to a progressive water stress intensity; to determine the
impact of H,O, priming on seed dormancy, redox balance,
seedling vigour and finally to explore; the impact of H,O,
priming combined with drought stress on memory potential
of cells at the germination stage and its impact on seedling
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performance and survival of chickpea and pea. Hence the
study was conducted to explore a new criterion for section
of species and varieties for cultivating them in arid regions
where water stress is severe and soils are degraded.

MATERIALS AND METHODS

Seeds material and surface sterilization: The present
experiment was conducted during 2022 and 2023 at Yahia
Fares University of Medea, Algeria. Collection of two
indigenous legumes seeds, viz. chickpea (Cicer arietinum
L. var HmsM) and pea (Pisum sativum L. var JIbM) were
obtained from a new harvest (1 year harvest for each
experimental year) of the Cereals and Pulses Cooperative
(CCLS). To homogenate the seed emergence, the uniform
and healthy seeds of both legumes were selected, sterilized
using a 1% sodium hypochlorite for 5 min, and then rinsed
four times with sterilized water. Germination capacity test
revealed no abnormal germination of seeds.

H,0, priming and water stress preparation: Drought
stress was applied using the solutions of distilled water
and polyethylene glycol at different concentrations (PEG-
6000: 0, 5, 10 and 15%). Use of PEG on seeds and plants
generates osmotic stress like drought stress without having
any toxic effects in order to study the tolerance of species
(Guo et al. 2024). For priming design, seeds were soaked
in H,O, solutions at different concentrations (0, 2, 5, 10
and 12 mM) for 4 h at 25°C. The ratio of seed weight to
solution was 1:5 (g/ml). After the priming period, seeds were
rinsed three times with distilled water and then dried at 25
+ 2° C up to original weight for two days (Mahmoudi et al.
2012). Unprimed and none stressed seeds were considered
as control.

Experiment setup and stress application: An aliquot of
10 ml of the respective PEG-6000 solution was added in 9
cm petri dishes containing two layers of filter papers, and
then 20 primed and no-primed chickpea and pea seeds were
placed on moistened filter paper. Study was performed in
triplicate in factorial experimental based on a completely
randomized design (CRD), and kept for germination testing
in germinator in the dark at 25 + 0.5 °C and 80 + 1% of
relative humidity. Petri dishes were tightly sealed to prevent
evaporation for minimizing changes in concentration of PEG
solutions. Seeds were recorded as germinated when the
radicle protruded (1 mm) through the coat of the seed, and
seedlings were estimated established when the radicle length
achieved seed length (Peng ef al. 2022). The germinated
seeds were counted daily until no new seed germination was
recorded in three successive days, thus the count lasted 7
days (Sabah-Taher et al. 2022).

Determination of germination performance:
Germination percentage (%) was calculated by using the
following formula (Yemm and Willis 1954):

GP = n/Nx100

Where n, Number of germinated seeds; N, Total number
of seeds.
Seed emergence parameters: Various parameters were
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evaluated for each treatment such as final germination
rate (FGP) (Chen et al. 2021), germination speed (SG)
(Shahba et al. 2008), and seedlings vigour index (SVI)
(Memon et al. 2013) according to formulae given below:

FGP = N/N, % 100

Whereas N, Number of the germinated seeds at 7t
day and N,, Total seeds.

SG = =i [gi-g(i-1)/]

Where i, Incubation day; gi, Total germination
percentage on incubation day i; g(i—1), Total germination
percentage on previous day.

SVI = [Seedling length (cm) x FGP]

Where FGP, Final germination rate.

Seedling growth feature: To evaluate the impact of
(water stress x H,O, priming) combination on seedling
growth, 10 seedlings were randomly selected, kept whole
or cut into roots, hypocotyls, epicotyls for measuring the
lengths (cm). Furthermore, the fresh weight of each part
of seedlings was evaluated and dry weight was evaluated
after oven drying at 70°C for 48 h.

Statistical analysis: Statistical study of pooled data
from two years of experiment 2021-22 and 2022-23 were
performed by ANOVA and means were analysed by the
least significant difference (LSD) at P<0.05 using IBM
SPSS 25.0 statistical software.

RESULTS AND DISCUSSION

Underscoring of germination parameters such as final
germination rate (FGP), seedling vigour index, speed
germination (SG) and germination percentage is important
to identify the tolerant genotypes adapted to limited water
availability and selection of drought resilient crop varieties
(Kim and Lee 2023). The development of agriculture in
aride and sub-arid areas is an approach based on use of
legumes genotypes with robust germination ability under
stressful conditions. In this work, the descriptive statistics
results pointed out significant variability in germination and
seedling related traits to studied pea and chickpea varieties.
Among the treatments, without priming, the chickpea seeds
have increased their germination capacity regardless of
the intensity of stress while the high seed emergence in
unprimed pea scored are (100%) and (68%) at 5% and 10%
of water stress, respectively. The germination percentage
of primed chickpea seeds exhibited a mean score of 93%
and 63% at moderate and severe water stress respectively
while the germination of primed pea was highly affected
and recorded average value of 18% under severe drought
stress (Table 1). According to Nayban et al. (2017), the
priming of seeds had stimulated the hydration and boosted
the metabolic processes resulting in amelioration of
germination uniformity, seeds germination, and growth of
seedlings in both normal and stress conditions (Nayban et
al. 2017, Rana and Sathiyanarayanan 2024). The difference
in response between pea and chickpea seed could be
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attributed to genotypic diversity of two legume species. b=
Similar observations were reported in faba bean (Chaker- g S % & ' o« E
Haddadj et al. 2014), cowpea (Nabi er al. 2017,2024) and 2 2 18888 8 2 §
wheat (Karjule ef al. 2019). The pooled analysis of results 7 § N P= == <
during (2021-2023) showed that a behavioural diversity % S
of two studied legume species which might be attributed 8 212 o a4 e o
to genotypic diversity, seed size, seed nutrient content  — SE 5 T % § 2F -
highly correlated with seed emergence capacity (Nyasulu 2 e I
et al. 2024). In addition, the seeds control had markedly g %
accelerated their emergence at ond day against the 31d and ‘g A o8B0 ng o 8 o “
4™ day for stressed seeds (Fig. 1). PEG-6000 has altered £ 5225 & 3 8§ “
the germination traits by increasing the osmotic potential, g* =g PRI g g § < &
reducing the water absorption, disturbing the metabolic £
mechanisms and generating an oxidative stress. An oxidative 2 —lr o . P
stress generates the reactive oxygen species called ROS g % L8y % «“ § = =
(0,7, H,0,, OH") which provoke oxidative damage, alter = El= 888 g" 2‘ 2« 2" g
molecular structures such as proteins, lipids, DNA and the ::é i’ s =< g,
membrane integrity (Lotfi et al. 2019). Remarkable superior g ) §
of germination performance of chickpea was noted. This = L:D % % Nwe @« z =2 §
result reflects the efficiency of use of absorbed water of cells g i : SHasY o a o« E
of chickpea seeds and this parameter is positively correlated g ?‘3 %
with accumulation of osmolytes such as proline, proteins = T:) ::‘
LEA, soluble carbohydrates, thereby protecting enzymes E ;O s 2 § T2l 2 2 5 0 é
functioning (Sadji-Ait Kaci et al. 2017, 2018). Even more, = s % S&a= @ @9 % N 5
H,O, priming triggers an anti-oxidative response during g o “
the germination through activation of gene to facilitate the 2 312
transition from the seed dormant state to germinated seeds '% Qe :% é é % é % é =
(Kambona et al. 2023). Besides, the priming (2% and 5% £ Se1gEIge 8 £ 3 =
of H,0,) significantly improved seedling vigour (SVI)in & Elm Seesg S < < P
chickpea (Fig. 1). The high seed vigour is an indicator of - q‘j) d,
faster germination capacity and breaking dormancy under é i R P =
drought stress due to priming application. Similar results B SE 5 § = § ® 0¥ §
were found in rice (Jira-Anunkul and Pattanagul 2021) and & "é e T T €
lettuce (Silva et al. 2023). Biological activity of H,0, is o) g =
to reduce .the. fre.e radicals release by a quenching stratc?gy g & Colemne o o % ~ c:z‘
and/or climination of ROS produced by a scavenging o EIEEIER Rk 52 § % 3 |8
strategy using enzymatic and non-enzymatic mechanisms. S L2 SS9 3 2 = Q é
Under water stress, the H,O, priming improved the fresh (ujl ﬁ"
and dry weight in pea and chickpea about 10% and 30%, ~ I P N % % i
respectively compared to control (Fig. 2). These findings ° % io io *2 e*é *‘5 320 io el
were confirmed by significant differences recorded in  $ 3 18828 = 8 8 <
the combined impacts of the studied species, the primer f 2 ,§ °ee e < ° &
concentrations and the different intensity of drought stress "c;o 2 g ‘2
at P<0.05, P<0.01 and P<0.001 on radicals, hypocotylsand S g % ! S IS T S S é
epicotyls growth (Table 2). The low and moderate water % ° o0 S |4 § S5 & 2 g g
stress (5%, 10% PEG) increased radical length (+30%) but 2§ 3 ol e i
severe drought stress decreased it (-77%) for both unprimed af:: § é =
pea and chickpea seedlings (Table 3). Under moderate and o 5 ” ggeaRzs @ = & 0 2
severe water stress, the H,O, priming significantly reduced ~ Z 3 2 ) E g2gs =2 = = E B
the epicotyls growth (-75%) in chickpea seedlings compared _; E Pl = a2 == @ *mﬁ
to pea seedlings which recorded positive response to limited % ‘g Z
water availability. According to Hussain et al. (2017), the § 2 |A =<t e N g 2 S| 8
priming regulates the number of mitochondria and the protein ;: = - %
pool during cell division to rapidly preserve the stressed % ??) . . '%D
cells. Our results indicated two different adaptive strategies < 2 |5 g |2 &we 5 o PR S S
based on priority given to the germination stage than growth iR S = 2 e z E®EE o | 4
phase and vice versa. Using the H,O,, priming method, the g g 5 25 g S8 EEBERESEEE S
22 > & n > AO0AAxY Ax Ox AF x M =
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*, Significant differences at LSD test P<0.05. Values represent the mean of three replicates and error bars represent standard
error. Ty, PEG-6000 @0; T,, PEG-6000 @5%; T,, PEG-6000 @10% and T;, PEG-6000 @15%.

germination stage of pea seeds was more sensitive to drought
stress than that of chickpea seeds confirmed by reduction
of germination parameters. Conversely, in the growth stage,
pea seedlings revealed more remarkable positive responses
with optimal growth of radicals, hypocotyls and epicotyls
than chickpea seedlings where aerial part was completely
inhibited. It could be a response defense against the stressful
conditions. Similar findings have showed that drought stress
had severe impact on shoots compared to roots (Kunduru
et al. 2024). This difference could be explained by severity
of stress that impairs nutrient uptake in chickpea plants
at the growth stage, as demonstrated by Ali et al. (2018)
and Sadji-Aitkaci et al. (2022). They showed that mineral
absorption such as potassium, calcium, iron, magnesium
contents was significantly reduced under stress. It could
also be explained by exhaustion of the cell energy by
metabolic processes during germination stage followed
by loss of seedlings and their ability to ensure an optimal
growth under applied treatments. According to Gumus ef al.
(2023), the differences observed in both pea and chickpea
species could be attributed to seed memory involving the
ability of plants to recall earlier stress after priming with
stressor factors linked to epigenetic mechanisms linked to
DNA methylation, accumulation of signaling molecules
and modifications of histones by deacetylases. Additionally,
the priming provokes an abiotic stress on seeds that slows
down the germination but accelerates responses to stress

by increasing the accumulation of proteins called late
embryogenesis abundant (LEA) and their mRNAs in plant
tissue, seed maturation for protection of the cell membranes
and seed adaptation to stress (Kambona et al. 2023). In
buckwheat, Yalamalle et al. (2024) demonstrated that seeds
treatment with H,O, improved germination by enhancing
the a-amylase content. In rapeseed, the seed priming
combined with drought stress have ameliorated the CAT,
SOD, GSH, POD and ascorbic acid activity (Hussain et al.
2019). Application of H,O, priming to stressed maize seeds
have regulated the enzyme (Al-pyrroline-5-carboxylate
synthetase: P5SCS) of proline synthesis implied in cell
osmoregulation, anti-oxydant response and protection of
proteins against denaturation induced by the stress (Xiong
et al. 2012). Our findings revealed major genetic variability
during seed emergence and seedling stages under water-
stressed conditions, highlighting important results for
improving water stress tolerance in legume species and
cultivars for targeted breeding programmes.

The study showed a diversity of responses between
two stressed grain legumes pea and chickpea primed
or unprimed with hydrogen peroxide. Although primed
chickpea showed a higher germination performance under
drought stress, the primed pea seeds were more tolerant to
water stress at growth stage as indicated by improvement
of growth parameters proportionally with the severity of
applied drought stress.
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