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Abstract

The cultivation of groundnut is essential for sustaining economic activity, improving soil fertility, oil content and promoting food security.
Because of its flexibility and adaptability, it is an essential crop for both commercial and subsistence farming. Pre-harvest sprouting of
groundnut (Arachis hypogaea L.) seeds poses a significant challenge due to their non-dormant nature. Spanish and Valencia bunch cultivars
pose significant agricultural difficulty because of uncontrolled sprouting due to rainfall or high soil moisture during harvest. Field sprouting in
bunch varieties results in a 20 %-25 % yield decrease. Kernels also grow when they are piled on the threshing floor with high moisture content.
In dormant bunch cultivars, yield losses from viviparous germination can be reduced for a short period of time (3-4 weeks) because of their
natural dormant character. To prevent pod losses from rainfall during harvest, seeds should be induced into dormancy for at least three
weeks. Seed dormancy induction in standing crops can be accomplished through foliar application of targeted chemical treatments, which
has been shown to be an effective approach. Apart from that, a few semi-spreading and spreading species (Virginia type) show variable
lengths of dormancy compared to bunch cultivars. Genetic modification of these cultivars to introduce seed dormancy is the most practical
way to solve this problem. To successfully incorporate seed dormancy into Spanish and Valencia bunch types, one must have a thorough
understanding of the inheritance patterns of this feature and how it interacts with other plant and pod/kernel traits.
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Introduction

Groundnut (Arachis hypogaea L.) is a member of the Leguminosae
family. Because of their ideal agro-climatic conditions for groundnut
growing, Asia and Africa account for about 95 % of the world's
planted land and 87 % of its production (1). Groundnut meal
provides approximately 53 % nutritional digestibility and 88 % crude
protein digestibility when fed to cattle. Haulms have an energy
release of up to 2337 calories per kilogram of dry materials. As a
leguminous crop, groundnut enhances soil fertility and overall soil
health through biological nitrogen fixation and the incorporation of
organic residues (2). Haulms of groundnuts are a healthy way to feed
livestock. Compared to cereal fodder, they contain higher amounts
of protein (8 %-15 %), lipids (1 %-3 %), minerals (9 %-17 %) and
carbohydrates (38 %-45 %) (3).

Globally, groundnut is cultivated under 295 lakh hectares
with the production and productivity of 487 lakh tonnes and 1647 kg
ha. India is among the top three groundnut-producing countries in
the world (4). Groundnutis a major oilseed crop in India, ranking first
in area and second in production after soybean. With 18.36 million
tonnes of production, China leads the world in groundnut
production, followed by India with 10.24 million tonnes Fig, 1. India
contributes over 15 % of the world's groundnut crop (5). Groundnut
is mainly grown during the Kharif season in India. It is also grown as
an irrigated crop in several states throughout the rabi and summer
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Fig. 1. India’s position in the production of groundnuts (with shells)
in the World.
seasons, but nearly 80 % of the area and production occurs during
the kharif season (June-October).

Currently, six major states-Gujarat, Andhra Pradesh,
Rajasthan, Karnataka, Tamil Nadu and Maharashtra-account for
about 80 % of India’s groundnut cultivation area. The remaining 20
% is concentrated in Madhya Pradesh, Telangana, Uttar Pradesh
and West Bengal (6). In Tamil Nadu, groundnut is cultivated on 0.409
million ha, producing 1.023 million tonnes annually with a
productivity of 2.50 tonnes ha (7).
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Assignificant oilseed crop, groundnuts will account for about
37 % of the nation's oilseed production (8). Groundnut oil is a heart-
healthy choice due to its high vitamin E and powerful antioxidant
content. Additionally, this oil contains monounsaturated and
polyunsaturated fats, collectively referred to as unsaturated "good"
fats. This unsaturated fat highlights a notable decrease in the risk of
heart disease (9). Indian exporters export groundnut oil to 1736
buyers worldwide (10). Additionally, the export has increased
gradually from 2019 to 2022 (Table 1) (5). India is the third-largest
exporter of groundnut oil worldwide, with the majority of its exports
going to China, Singapore and the United States.

Table 1. Quantity and value of exports of Groundnut oil meal and
vegetable oil from India

Years Vegetable Oil (tonnes) Oil meal (tonnes)
2019-20 12171.24 7558
2020-21 17057.29 8803
2021-22 18627.16 9877

There are two subspecies of the cultivated groundnut,
Arachis hypogaea L. - hypogaea subspecies (The Virginia bunch and
Virginia bunch variants) and the fastigiata subspecies (Spanish and
Valencia types) (11). Subspecies fastigiata, which includes the
Spanish and Valencia market types, accounts for 60 % of the world's
groundnut production area. However, the kernel of groundnut is not
dormant in the case of subspecies, which principally creates the
primary problem of in-situ germination. Because of groundnut’s
natural underground fruit bearing character, they require enough
moisture in the soil to be harvested. Rain during the harvest season
causes seeds to sprout in the field itself. Therefore, seed dormancy is
considered a crucial trait in groundnut to minimize yield loss (12).

Although dormancy is a natural evolutionary consequence
in groundnut, it can be advantageous or detrimental depending on
the circumstances. Bunch types in groundnuts are typically non-
dormant. They are therefore more susceptible to in-situ germination
(13). Later conditions cause the bunch varieties to lose a significant
number of seeds due to sprouting. While the partially sprouted seed
is low-quality, low-oil content and tends to deteriorate quickly, the
fully germinated seed is pretty useless. Due to insitu germination,
bunch groundnut pod yields have been reported to have decreased
by 20 %-40 % (14). Heavy rains caused 80 % of groundnut seeds to
germinate in the field, especially rain at pod maturity phase, causing
20%-50% of pods to germinate (15).

Thus, the main issue with bunch groundnut cultivation is
thought to be the seed's non-dormant nature. To overcome such
situations, it is essential to develop strategies to induce seed
dormancy in the major bunch-type groundnut-growing regions to
prevent field sprouting,

Relationship between bunch type and field sprouting

In cultivated groundnut (Arachis hypogaea L.), there are two
subspecies according to Kalra and Srivastava (Fig. 2). According to
them, in the last twenty years (from 2001 to 2021), 117 different
groundnut cultivars has been introduced in India; the majority of
these are 76 Spanish bunch cultivars, with the remaining cultivars
being 29 Viirginia bunch and 12 Virginia runner.

Spanish bunch cultivars are therefore more common in
Indian conditions because they work well with groundnut cropping
systems and all three seasons. The foundational elements of
Valencia and Spanish bunch types are typically not dormant, in
contrast to the Virginia varieties (16).
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Fig. 2. Different groundnut (Arachis hypogaea L.) cultivars.

When it comes to pre-harvest sprouting, bunch-type
groundnuts are more likely than other types to experience it (17).
This can be explained by several factors related to their
developmental  habits,  structures and  environmental
circumstances. Pre-harvest sprouting is more common in bunch-
type groundnuts due to their pod structure. In bunch kind, pods
grow generally in clusters (18). Because of the close spacing between
the pods, a microenvironment with higher humidity and less air
circulation may be produced. Pre-harvest sprouting may occur more
readily under such conditions, particularly if the crop is exposed to
high humidity or prolonged rainstorms.

In the final phases of pod growth, rain or excessive humidity
can occur more easily and in bunch-type groundnuts, they may have
limited air circulation because of the thick pod arrangement, which
can hinder the crop's ability to dry completely (19). Avoiding
sprouting requires careful drying and bunch-type groundnuts may
retain more moisture due to poor air circulation (20). A crop's ability
to withstand early germination can be influenced by a variety of
varietal traits, including seed coat permeability and dormancy (21). A
bunch variety may be more likely to mature later in the growing
season. Pre-harvest sprouting is more likely to occur if harvesting is
postponed and the crop is left in the field during wet or humid spells
(22).

Farmers frequently need to implement cautious harvesting
techniques, give prompt harvesting top priority and ensure the right
post-harvest drying conditions to control pre-harvest sprouting in
bunch-type groundnuts. To further reduce the effect of this
phenomenon on crop output and quality, choose cultivars that are
more resistant to sprouting, pay attention to weather forecasts and
pay attention to the attention to be paid.

Factors influencing pre-harvest sprouting

Pre-harvest sprouting (PHS) is a noteworthy stress-inducing
characteristic in groundnuts. PHS is an environmental phenomenon
that appears when rainy, humid weather occurs around the time of
seed maturity (23). This climate alignment causes bunch-type
groundnuts to germinate prematurely. This is especially noticeable
in areas with strong soil moisture retention, such as black soil areas
and results in higher rates of pod sprouting (24). Prolonged rainy
spells or high humidity can foster a favourable environment for
sprouting. The germination process may be initiated by the pods'
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absorption of moisture (25). Maturity Level of the kemels is a crop
factor that causes severe germination in the field itself. When mature
groundnuts are left in the field for a long time, they may sprout
before harvest. This is especially true for bunch-type groundnuts
(26). Postponing harvesting might expose the crop to adverse
weather conditions, thereby increasing the risk of sprouting.

In addition to extemal variables, numerous internal
components are essential for pre-harvest germination in
groundnuts. It has been determined that carbohydrate metabolites,
plant hormones, nitric oxide (NO), reactive oxygen species (ROS) and
microRNAs (miRNAs) have a significant role in the regulation of PHS
(27). Two important phytohormones, gibberellin (GA) and abscisic
acid (ABA), are necessary for coordinating the internal signalling
networks associated with PHS (28). Phytohormones play a crucial
role as endogenous regulators in plants at different phases of their
growth and development. Over the past few decades, ABA (29), GA
and several other plant hormones, such as auxin/indole-3-acetic
acid (1AA), jasmonate (JA), ethylene (ET) and brassinosteroid (BR)
(30) have been linked to the complex control of PHS.

Genetic studies have revealed that indispensable genes in
cellular responses, such as mitogen-activated protein kinase kinase
3 (MKK3), are causal for PHS (31). Pre-harvest germination is
primarily caused by an imbalance in the dormancy/germination
ratio. Wild ancestors often exhibit strong seed dormancy in their
natural habitats, which helps delay germination under unfavourable
conditions (32). As such, compared with their wild counterparts,
domesticated crop species have reduced degrees of dormancy (33).

Minimizing in-situ sprouting and optimizing groundnut
production are primarily dependent on controlling the amount of
water available during the various growth stages. The yield
increased significantly by 41 % as a result of this strategic water
management (34). It has been observed that pod yields of bunch
groundnut are significantly reduced by 20 % when germination
occurs in-situ (35). Heavy rainfall has been linked to a high incidence
of groundnut seed germination up to 80% in the field and 20 %-50 %
of pods have been shown to germinate when rain falls during the
pod maturity stage (36).
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Fig. 3. ABA synthesis in plants.

Pre-harvest sprouting’s effect on yield and quality

In groundnuts, in-situ sprouting has a significant effect on the crop's
quality in addition to quantity. According to observations in the Pati
district of Central Java, the oil content of peanut seeds varies with
season: 42 %-50 % during the wet season and 40 %-48 % during the
dry season (37). In a similar vein, sprouting seeds in the Banjar
Negara district of Central Java had much less oil between 20 % and
29 % (38). The impact of pre-harvest sprouting (PHS) extends
beyond groundnuts. It is a well-documented issue in various cereal
crops, including maize, wheat, rice, barley and sorghum, found in
regions such as North Africa, Europe, China, Japan, the United
States, Canada and Australia (39). PHS is recognized as a global issue,
occurring in major regions of the world every ten years. Food security
and agricultural productivity are at risk because of PHS's loss in grain
production and end-use quality (40). To reduce the yield losses
because of PHS, dormancy of the seeds should be induced through
chemical sprays or genetic modification of non-dormant to dormant
seeds.

Hormonal and genetic engineering for switching off sprouting

In the realm of natural processes, some wild species, such as the
hardy mangroves, benefit ecologically from vivipary germination, in
which seeds sprout while still attached to the parent plant. But when
it comes to farmed crops, early seed germination, such as pre-
harvest sprouting, poses a threat to global food security. PHS
negatively affects kernel quality, resulting in substantial financial
losses for growers (41). Seed hormone biology is a promising way to
mitigate the harmful impacts of PHS. Interestingly, abscisic acid
(ABA) turns out to be a key hormone controlling dormancy in seeds
(42). With skilful manipulation of ABA production (Fig. 3), dormancy
can be increased and early germination can be prevented.
Modulating the expression of nine-cis-epoxy carotenoid dioxygenase
(NCED), an enzyme that limits ABA production, is an effective tactic.
This modification is accomplished through an advanced chemically
driven gene expression method, proving its effectiveness in
preventing the germination of fully grown seeds (43).

Additionally, an EPA-approved chemical has been used to
demonstrate the feasibility of the NCED-inducible system (44). This
method is a calculated attempt to reduce pre-harvest sprouting
(PHS) by adjusting the amount of abscisic acid (ABA) in seeds.
Extensive testing of PGSS-induced NCED expression in Arabidopsis
has yielded promising results (45). Among the tested approaches,
only NCED induction showed strong potential for effectively
suppressing seed germination (46). Additionally, this inducible
approach showed promise in suppressing early germination of
seeds when they are attached to the plants, which is seen in cereals
(47).

A clear difference can be seen in the complex patterns of
nature between the seed dynamics of wild species, marked by
strong seed dormancy and those of agricultural crops we grow,
which typically show little to no dormancy at all. The domestication
process is responsible for this divergence in dormancy features, as
our cultivated crops' wild predecessors once possessed these crucial
dormancy mechanisms (48).

Genetic research has greatly expanded our knowledge of pre
-harvest sprouting (PHS) resistance and seed dormancy by delving
into the complex field of genetics. Through these investigations, a
remarkable mosaic of genes that are closely linked to germination
and dormancy is independently attributed (49). The investigation of
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genes essential to cellular responses has shown mitogen-activated
protein kinase kinase 3 (MKK3) as a key mediator in the
development of PHS, which is intriguing (50). This gene has been
identified as a direct contributor to seed susceptibility or resistance
to early germination. A multitude of genes with diverse biochemical
functions have been associated with either conferring resistance or
increasing susceptibility to PHS, further complicating the trait (51).
Interestingly, a sizable portion of these genes is closely related to
hormone signalling, including the complex dance of abscisic acid
(ABA) signalling (Fig. 4) (52). The complexity of the regulatory
networks controlling seed dormancy and germination is highlighted
by the inclusion of MKK3 in this genetic orchestra, which may
indicate downstream links or involvement in ABA signal
transduction (53).

In the complex network of regulatory mechanisms
coordinating pre-harvest sprouting (PHS), abscisic acid (ABA) is a key
component. The key to avoiding PHS often lies in maintaining high
grain ABA content; ABA-mediated systems regulate this delicate
balance (54). The expression of ABA response genes is subsequently
influenced by these transcriptional maestros, deftly arranging the
molecular ballet that governs PHS.

The careful regulation of ABA levels in the grains is the
primary mechanism by which ABA demonstrates its regulatory
power over PHS. The synthesis and degradation of ABA are closely
related to this control. First, geranyl-geranyl pyrophosphate (GGPP)
is converted. This compound is a precursor closely associated with
the onset of B-carotenoid biosynthesis, which in turn serves as a
precursor for ABA (55).

Through meticulous plant breeding, the crossing of dormant
and non-dormant parents, has yielded insightful results. These
crossings produced F; progenies that were dormant and the
predictions in the F, generation were based on this observed shift,
with a ratio of 3 dormant to 1 non-dormant progenies supporting
thetrait's heritability (56). Additional understanding has been gained
regarding the genetic mechanisms underlying fresh seed dormancy
(57). The aim is to incorporate the fresh seed dormancy trait into the
genetic makeup of modified lines.

In a follow-up study, this dormant trait was deliberately
introduced into the genetic makeup of two groundnut cultivars,
Shitaochi and Aprewa, which are usually non-dormant (58). The
selected exotic lines, ICGV 87378 and ICGV 86158, are particularly
well-known for having the desirable dormancy characteristic in fresh
seeds. Based on the genetic foundation, their investigation bolsters

4

the notion that seed dormancy is controlled by monogenic
inheritance (59). Notably, the study confirms that in the observed
inheritance patterns, dormancy prevails over non-dormant
situations. The F, progenies were always latent, regardless of the
gender of the dormant parent. This discovery casts doubt on the
idea that the mother controls groundnut dormancy, suggesting that
the genetic basis of dormancy is independent of the maternal parent
(60). Furthermore, the results are consistent with previous findings
indicating a common locus for the dormant gene, suggesting that
seed dormancy in both parents is controlled by the same genetic
locus (61). Dormant parents' backcross progenies conformed to the
predicted 1:1 ratio of dormant to non-dormant, confirming the
heritability of dormancy (62).

The Germination Stability Index (GSI) was used to carefully
evaluate the stability and fresh seed dormancy of different
groundnut genotypes (63). The results showed that PBS 12192, PBS
12187, PBS 12191 and PBS 12190 were the top breeding lines, with
extremely low GSl values. This finding confirms their position as the
genotypes with the highest degree of stability in the study, along
with their excellent ability to maintain high fresh seed dormancy.

Dormancy induction through chemicals
Abscisic acid (ABA)

Groundnut seed dormancy has been thoroughly studied,
highlighting the critical role of embryonic ethylene production in the
germination process (64). Their results demonstrated that, by
blocking ethylene synthesis, topically applied abscisic acid (ABA) is
essential for preserving seed dormancy. Building on this knowledge,
a meaningful connection has been established between ABA and
the imposition and maintenance of seed dormancy (65). This study,
which primarily examined cereals such as barley, wheat and
sorghum, highlighted the regulatory role ABA plays in the
development of primary dormancy. The expression of dormancy
during grain imbibition is closely linked to the preservation of
elevated ABA levels. On the other hand, ABA content significantly
decreases in embryos of dormant and non-dormant grains exposed
to germination-promoting circumstances (66). In contrast, it has
been discovered that treating oat seeds with fluridone inhibits the
induction of thermo-dormancy, suggesting that ABA synthesis plays
a role in this phenomenon (67). It has also been demonstrated that
secondary dormancy can be effectively induced under conditions
that facilitate ABA production (68). Furthermore, because ABA builds
up in dormant nodes and increases when the tissue is exposed to
low temperatures, it has been proposed that ABA induces
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Fig. 4. ABA signalling in dormancy induction.

https://plantsciencetoday.online


https://plantsciencetoday.online

dormancy.

Different growth retardants were evaluated for their effect on
inducing dormancy in the non-dormant groundnut cultivar TMV 7.
The results clearly demonstrated that ABA at 500 ppm, used 70 days
after sowing, was the most effective in inducing dormancy in the
resulting seeds (24). The non-dormant bunch-type groundnut
cultivar KCG 2 has undergone dormancy induction, achieved by
applying 150 ppm abscisic acid topically at pod maturity (69). The
dormancy extension that this application produced, up to 16 days,
has also been concluded to highlight the function of abscisic acid in
controlling seed dormancy.

Maleic Hydrazide (MH)

Several growth inhibitors are essential for inducing groundnut
dormancy, including ABA, Maleic Hydrazide and y-radiation
treatments (70). It has been possible to effectively induce fresh seed
dormancy in Spanish bunch cultivars by applying maleic hydrazide
topically at 1000 and 1250 ppm. This therapy successfully induces
dormancy in the seeds when treated 60 and 90 days after sowing,
demonstrating the effectiveness of Maleic Hydrazide as a dormancy-
inducing agent (69).

The concentration of Maleic Hydrazide is closely correlated
with reaching a higher degree of dormancy (71). Dormancy was
successfully induced in two types of bunch groundnuts, Spanish
enhanced and TMV2, by foliar spraying 500 ppm MH 15 and 25 days
before harvest. The number of sprouts dropped from 13.3to 1.8 in
the case of Spanish enhanced groundnuts and from 17.5t0 5.8 in the
case of TMV-2 (72). In another study, maleic hydrazide-30 was
applied as a foliar spray at concentrations of 0, 5000, 10000, 15000,
20000, 25000 and 30000 ppm at 70, 80 and 90 DAS. The results
indicated that all treatments, regardless of the application stage,
significantly reduced germination of non-dormant seeds while
increasing the overall level of free amino acids, thereby contributing
to the induction of dormancy (73). Concentrations ranging from 250
to 1000 PPM, increasing dormancy by 60 %-80 % (74). Applying MH
at lower concentrations (250 ppm) at the earliest stage of crop
growth (60 days) was just as effective at inducing seed dormancy as
higher concentrations (75). In Gupta’s field trial, to induce dormancy,
foliar treatments of MH at concentrations of 5 x 1000, 10 x 1000 and
15 x 1000 ppm were applied at 70 and 90 days after sowing in a
groundnut variety T64. The study of yield and yield components
showed that spraying chemicals at concentrations of 15 x 1000 and
20 x 1000 ppm at 90 days after sowing increased the degree of
dormancy induction (76).

Mishra proposed that applying MH topically at 1000 ppm 60
days after crop emergence was the most efficient way to induce
dormancy in groundnuts (77). Bunch-type groundnut genotypes
were able to induce dormancy with foliar spraying of 250 ppm of MH
sprayed 60 days after sowing (DAS) (78). On the other hand, there is
little and conflicting data on how MH affects groundnut seed
dormancy. Maleic Hydrazide has herbicidal and growth-inhibiting
properties (79). In this investigation, three distinct groundnut
cultivars, TG 38 B, Devi and TG 37 A received foliar spray treatments
containing six different doses of MH at intervals of 70 and 90 DAS. The
findings showed that all three kinds of MH treatments caused partial
seed dormancy that lasted for up to a week at lower concentrations.
Application of MH foliar spray at 60 days after planting induced
greater seed dormancy than later applications, with 250 ppm-1,000
ppm achieving 60 %-80 % dormancy (80).

Cycocel (CCC)

CCC (Cycocel) inhibits the germination of groundnut seeds and acts
as a synthetic growth retardant (81). The decrease in diffusible auxin
from pea plants in the presence of CCC is thought to be the cause of
this inhibitory activity. CCC reduces the germination of groundnut
seeds (82). Additionally, it has been observed that CCC inhibits the
synthesis of substances that resemble gibberellic acid (GA) in non-
dormant wild oat, wheat and barley embryos. The current study
confirms previous findings that Maleic Hydrazide (MH) induces
dormancy in groundnut seeds (83).

Other chemicals

The role of salicylic acid in inhibiting the growth of various plants and
inducing seed dormancy has been explored in several studies. For
the dormant groundnut variety TMV-3, Sreeramulu examined the
seeds at various storage times (0, 10, 20, 30 and 40 days after
harvest). It was shown that the end of dormancy occurred 30 days
following storage because of the drop of synergistic phenolic acid in
the cotyledons and embryonic axis (84). Similarly, the inhibition of
germination in small seeds could be explained by the presence of
endogenous inhibitors, such as salicylic acid, syringic acid and
chlorogenic acid (85). It was discovered that exogenous
administration of these highly potent phenols at 102 M prevented
germination.  Furthermore, the effect of salicylic acid on the
development of defensive mechanisms (86). He discovered that
salicylic acid inhibits the germination of Arabidopsis seeds and
boosts their tolerance to water stress. Coctus speciosus rhizome
dormancy has been linked to coumaric acid, cinnamic acid and trace
levels of salicylic acid (87).

Conclusion

Groundnut (Arachis hypogaea L.) is now considered an essential
crop for food security and economic growth. This adaptable crop
produces products such as cake and oil, which are widely used in
both industrial and domestic settings. Groundnuts are becoming
more important, but they pose a serious threat from in-situ sprouting
when pod harvesting is delayed past physiological maturity or
occurs during precipitation. Farmers who greatly depend on the
revenue from groundnut production face a serious threat to their
livelihoods as a result of this premature sprouting, which drastically
reduces pod yields. To protect farmers’ economic interests and
maximize groundnut pod yields, a diversified strategy is essential. It
is imperative to motivate farmers to adopt enhanced groundnut
cultivars suited to their unique agro-climatic circumstances. Growth
retardant chemicals play a crucial role in controlling the in-situ
sprouting of kernels, ensuring better seed quality, extended shelf life
and reduced economic losses. They help farmers to improve yield,
quality and marketability while preventing post-harvest losses and
seed degradation. Additionally, a crucial component is emphasizing
the need to harvest at physiological maturity and to refrain from
irrigation during this crucial time. By combining these strategies, we
can strengthen the economic stability of groundnut producers while
simultaneously ensuring maximum yields.
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