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Abstract

Onion (Allium cepa L.) is a spice crop and a valuable economic crop cultivated in a
variety of environments around the world. Because of its export demand, it is
extremely important in terms of foreign exchange. Drought stress, waterlogging stress,
heat stress, cold stress, and salinity stress all have an impact on onion growth,
production, and yield in different ways. A lack of water causes low productivity,
therefore to increase onion yield, a constant supply of water is needed. Onions are
particularly susceptible to salt stress. The number of bulbs per unit area, height, and
fresh weight of onion bulbs, are all affected by salinity in irrigation water. It has an
effect on bulbing and the quality of harvested bulbs. Waterlogging has a major effect
on bulb development and yield at various growth stages. Waterlogging stress in onions
may prevent moving from source to sink, lowering bulb yield. The possible flavor of
onions can be affected by the surrounding climate. The bulbing response is influenced
by temperature, and the degree to which it is influenced varies by variety. As the
temperature increases, the number of leaves decreases. The bulb diameter, bulb weight,
and bulbing index (bulb/neck diameter) all increase as the temperature rises. This
review provides an in-depth description of the effect of abiotic stress on onion yield.
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Introduction

The onion (Allium cepa L.), a member of the Alliaceae family, is a spice
crop grown in a variety of environments around the world. It is an
important economic crop because of its export demand, thus plays a
vital role in foreign exchange. It is cultivated in a 5,039,908-ha land area
worldwide with a world production of about 96,773,819 tonnes for the
year 2018 [1]. Onion bulbs are cultivated in both tropical and temperate
regions and are consumed throughout the year with high consumer
preference because of their distinctive sensory and beneficial

compounds [2].

Onions can be grown successfully in most fertile soils. A pH of 6-7 is
normally recommended for soil. On organic soils, however, a lower pH
is appropriate. In Sri Lanka's dry zone, suitable soil types (Reddish
Brown Earth and Regosols) are present. Since it is a long-day plant, the
crop needs a longer day duration (> 12 hours). However, some varieties
that can be grown in the tropics require a day length of 11-12 hours. Only
this sort of variety can produce good bulbs during the Yala season in Sri
Lanka. Throughout the crop cycle, there should be less rain (less than
750 mm). RH of less than 70% is considered satisfactory [3]. According
to Pitrat [4], onions are thought to have originated in Central Asia, with
the Mediterranean region serving as a secondary center of origin for
onions with large bulbs [5]. With the world's population rising at an
exponential rate, market demand for onions is increasing. However,
abiotic stresses such as drought stress, waterlogging stress, heat stress,
cold stress and salinity stress play an adverse impact on the growth,
development and yield of onion around the globe. Thus, it is important
to know the adverse impacts caused by the environment on the

production of onions.

Impact of Abiotic Stresses
Abiotic stresses are now one of the major constraints to global crop
development. A considerable portion of the population in developing

countries where subsistence agriculture still exists is constantly
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threatened by abiotic stress factors and their interactions with biotic
stress factors. As a result of climate change, the situation is likely to get
worse. With the predicted increment in global population and food
demand, it will be critical to find ways to boost crop tolerance to abiotic
stress factors to improve agricultural production and food security [6].
Drought, waterlogging, heat, cold and salinity stresses and their adverse

role in onion production are discussed here.

Drought Stress

Onion is an irrigated crop, which consumes an ample amount of
irrigation water for its productions. Poor water availability results in low
productivity. High soil moisture is required for onions to produce a high
yield [7]. Onions are considered a shallow-rooted crop, mostly
penetration is up to 18cm and very few roots are extended up to 31 cm
[8], therefore it extracts very little water from depths beyond 60 cm.
Srinivasa Rao [9] stated that most of the soil water is absorbed from the
top 30 cm, therefore, it is important to keep the soil moist to provide
enough water for the plant. Srinivasa Rao [10] discovered that when
drought stress was applied for 1, 2, 3, and 4 weeks in two onion cultivars,
Arka Kalyan and Agrifound Dark Red (ADR), the soil moisture
gradually decreased. It was 22.0 % at Oth day, 13.0 % at 1-week stress,
9.5 % at 2 weeks stress, 6.5 % at 3 weeks stress and 5.5 % at 4 weeks stress.
It leads to a significant decrease in bulb fresh and dry mass and bulb
yield. Bulb dry matter was reduced by 44.4-54.0 % after 3 weeks of

stress.

Continuous supply of water in a required amount increases the yield of
onion. Drip irrigation is the best method to provide irrigation under
drought-prone areas. Drip irrigation at shorter intervals increased the
bulb yield significantly, Bagali et al. [11] found that significantly higher
bulb yield (46.93 t ha!) was produced under irrigation schedule at 1-day
interval followed by 3 days (42.80 t ha!) and 2 days interval (46.47 t ha-
). A subsurface drip irrigation experiment was conducted by Ensico et
al. [12]. The results showed that the soil moisture affected the yield
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obtained and the size of the onions. Although, the soil moisture level
and irrigation scheduling weren’t a big concern for the pyruvic acid
content, which results in the pungency and the concentration of soluble
solids. The soil moisture above 30kPa at 20 cm depth yielded high, and

the size of the onions was bigger.

Different growth stages of onions that are subjected to soil-drought
stress have a great impact on the yield and quality of bulbs. Withholding
irrigation at four growth stages, original, production, mid-season, and
late-season, as well as a non-stressed treatment as a control, it was found
that onions produce the highest average yield of 15.30 Mg/fed, while soil
water stress applied at the later stage of onions produced a lower yield
of 11.12 Mg/fed. Drought stress also impacts the weight and size of
onion bulbs. Non-stressed and water-stressed plants at the initial stage
produced the highest average bulb weight of 102g and 91g, respectively
and the results differ significantly at 0.05 level of probability [13].

Salinity Stress

It is expected that by the year 2050, 50% of the cultivated land is affected
by severe salinization [14]. Salinity, caused by high NaCl concentration
is one of the major abiotic stresses which limits crop productivity and
leads to economic loss [15]. According to the United States Department
of Agriculture (USDA), onions are the most sensitive to Salinity
compared to other vegetables. Soil salinity affects the growth and

photosynthetic metabolism of onions [16].

Salt stress reduces plant growth and yield in several ways. Osmotic
stress and ionic toxicity are two main effects of salt stress on crops. The
osmotic pressure under the salinity stress in the soil solution exceeds the
osmotic pressure in plant cells due to the presence of more salt and thus
limits the ability of plants to absorb water and minerals like K* and Ca?*.
The side effects caused by the primary effects of salinity stress are;
assimilate production, reduced cell expansion and membrane function,
and reduced cytosolic metabolism [17]. High salinity causes water
deficit around the rhizosphere and results in a high salt concentration,
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in terms of high Na* and CI- ions [18]. This phenomenon is lethal for
plants [19]. Onions are salt and sulfate-sensitive [20].

Salinity in irrigation water has significant impact on the number of bulbs
per unit area, size, and fresh weight of onion bulbs. It influences the
bulbing and quality of harvested bulbs. Also, salinity at various growth
stages of onion affects the fresh weight of bulbs at harvest [21]. Rafika
Sta-Baba et al. [21] further stated that the commercial production of
onions with salt water requires a delay in the application of salt water
after the appearance of the fourth leaf, with an ECw of 1.41 dS.m™. But
this technique is not economical for large-scale production as the yield
decrease is 50%. However, it may be applicable for small-scale
production systems. The results from the research done by Camilia et al.
[22] have shown that irrigating onions with saltwater slows plant
growth and biomass production when compared to tap water irrigation.
The saltwater concentrations were higher when compared to tap water
(300 ppm). Salinity also affects the flavor development and mineral
content of onion bulbs. A study conducted on the onion, ‘Granex 33’
variety against 6 NaCl concentrations showed that increasing NaCl
concentrations results in decreased bulb fresh weight of mature plants,
and plants did not even survive at 125mM NaCl concentrations. High
NaCl content also decreases the S content of bulbs, as well as increases
the bulb pungency. Even though the soluble solid content of bulbs is not
affected. Onions can survive at NaCl concentrations up to 100 mM, and
they can avert onion production under similar saline conditions even at
moderate NaCl levels. However, the possibility of using NaCl at certain
developmental stages to affect flavor accumulation and growth has not
yet been determined [23]. Application of H20:2 is reducing the effect of

salinity stress in onion by increasing the photosynthetic efficiency [24].

Waterlogging Stress
Waterlogging is a major abiotic stress that affects crops. It is caused by
excessive unpredictable rainfalls and poor soil drainage caused by

compacted soils by the use of heavy agricultural machinery [25].

151



Adv. Technol. 2021, 1(1), 147-160

Waterlogging affects plant growth, development and yield by declining
the oxygen supplied to the submerged tissues [26]. Onion is extremely
sensitive to waterlogging stress because of its shallow rooting nature [8].
The extent of damage by waterlogging depends on the season, variety,
soil property, crop growth stage, rainfall duration and intensity. These
factors are responsible for the bulb yield and survival of plants. Bulb
yield affected by waterlogging stress differs from different onion
genotypes. The response of onion genotypes to waterlogging stress was
studied in a pot experiment [27]. The highest bulb yield at waterlogging
stress was observed in W344 genotypes and the lowest was observed in
Acc.1630 (Table 1).

Table 1. Effect of waterlogging stress on single bulb weight (g/plant) in onion
genotypes at harvesting stage [27].

Genotypes Bulb yield (g/plant)
W 344 8.38
Bhima Dark Red 7.22
Acc. 1630 2.18
W 355 4.23

Waterlogging stress can inhibit the translocation of assimilates from
source to sink, which reduces the bulb yield [28]. Waterlogging at
different growth stages has a significant impact on bulb production and
yield. Ghodke et al. [29] stated that waterlogging at early growth stages
after transplanting and bulb initiation stage reduces the bulb quality and
marketable bulb size. Waterlogging at 1-10 DAT (Days After
Transplanting) produced large bulbs (84.6g) followed by 10-20 DAT
(65.0g). Waterlogging from 20-90 DAT periods resulted in a sharp
reduction in bulb weight. However, in contrast, waterlogging at the bulb
maturity stage has a less negative effect on the bulb size (90-100 DAT
and 100-110 DAT) (Table 2).
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Yiu et al [30] found that effect of waterlogging was minimized by the
pretreatment of Welsh onion with spermidine or spermine. It provides
tflooding tolerance, most likely by inducing osmoticants and retaining
membrane stability. He further stated that application of 2
ppm paclobutrazol (PBZ) to plants protected the Welsh onion from

flooding stress.

Table 2. Effect of waterlogging stress (10 days) at specific growth stage on bulb size of

onion [29].
Treatments Bulb weight (g)
Control 100.4
T1 84.6
T2 65.0
T3 21.1
T4 31.1
T5 21.4
T6 24.3
T7 32.9
T8 28.5
T9 38.3
T10 72.3
T11 76.2
CD (5%) 5.077

T1;1-10 DAT (Days After Transplanting), T2; 10-20 DAT, T3; 20-30 DAT,
T4, 30-40 DAT, T5; 40-50 DAT; T6; 50-60 DAT, T7; 60-70 DAT, T8; 70-80
DAT, T9; 80-90 DAT, T10; 90-100 DAT; T11; 100-110 DAT, Control;

Normal irrigation schedule.

Heat Stress

Rising temperatures around the world, affecting not only plant growth

but especially crop productivity, is now a major concern. High-

temperature stress is described by the intensity, duration, and rate of

temperature rise. As the temperature rises above a certain threshold, the

magnitude and extent of stress rise rapidly, resulting in complex
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acclimation effects that depend on temperature and other environmental
factors [31, 32]. When the plant is under heat stress, the seed germination
rate is reduced, resulting in reduced photosynthetic efficiency and
performance. Pollen viability, fertilization, and grain or fruit formation
can all be affected by excessively high temperatures during the
reproductive stage. [33, 34]. Heat-related damage to reproductive tissues
in crop varieties is a significant cause of yield loss in agriculture
worldwide [35].

Temperature is one of the vital environmental parameters that impact
the onion bulb initiation and formation. Under heat stress, during
reproductive growth, tapetal cells lose their function and either become
dysplastic [17]. The cardinal temperatures for optimal seedling growth
and plant growth before bulb initiation and bulb development are 20—
25, 13-24, 15-21, and 20-25 ° C, respectively [36]. Bolting is favored by
very low temperatures during the bulb production stage. The crop
matures early during the winter season due to a sudden temperature
rise, resulting in smaller bulbs. Temperature rise has been directly linked
to a decrease in photosynthetic efficiency and, ultimately, crop yield [36].
Temperature also affects bulbing response, and the degree to which it is
influenced varies between varieties. Wickramasinghe et al. [37]
discovered that at the lowest temperatures tested (17-22 °C), larger bulbs
with thick necks were produced. This could be due to structural changes
in the bulb at low temperatures. Photoperiod is also important in
bulbing. To produce bulbs, plants should be exposed to a minimum
photoperiod. Temperature, rather than photoperiod, regulated bulbing
of onion cultivars. This is consistent with the findings of Abdalla [38],
Robinson [39], and Currah [40], who found that in the tropics, bulbing
of onions is influenced more by temperature than by day length. Lee [41]
found that the bulb diameter, bulb index, pyruvic acid content and total
sugar content were better between the range of 20 and 25°C, and the
onions grown at 25°C had an excellent sweet flavor. Further, he stated
that bulb weight reduced at 30°C due to heat stress.
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Cold Stress

Cold and freezing stresses are common environmental abiotic stresses
affecting plant growth and development. Crops experience periods of
extremely low temperatures in many regions of the world [42, 43]. Such
exposure of plants to chilling and drought simultaneously hinders
plant growth and therefore affects productivity [44, 45]. Cold injury can

limit the production of onion bulbs.

Cold stress, which involves chilling (20°C) and/or freezing (0°C)
temperatures, harms plant growth and production, as well as limits
agricultural productivity. Cold stress inhibits plants from expressing
their maximum genetic capacity through inhibiting metabolic processes
directly and indirectly by cold-induced osmotic, oxidative, and other
stresses [45]. Bigger bulbs with thick necks were formed at the lowest
(17-22°C) temperatures measured, according to Wickramasinghe et al.
[37], which may be due to changes in bulb structure at low temperatures.
Cold stress can cause poor germination, stunted seedlings, chlorosis,
reduced leaf expansion and wilting, and may lead to the death of tissue
(necrosis). Cold stress also severely affects the reproductive
development of plants. Cold stress induces severe membrane damage
and this damage is primarily caused by the acute dehydration caused by

freezing during cold stress [46].

As a protection mechanism against cold (0-15°C) and freezing (0°C)
temperatures, plants undergo a series of physiological and biochemical
modifications. Even though not all plants can withstand cold and
freezing temperatures, many do so by a process known as "cold
acclimation" (CA) [47, 48]. Su et al [49] found that Welsh onion cultivars
cultivated in winter suffered stress in low temperature. Low-
temperature exposure for short durations resulted in an improvement in

mean bulb weight per plant [50].

Conclusion
Drought, waterlogging, salinity, extreme heat and cold are critical

factors for onion cultivation. Onion is extremely sensitive to both water
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and heat stress. These stresses harm both bulb and seed production. Soil
moisture is critical for onion production because it influences
physiological parameters and bulb yield. Managing an onion crop with
insufficient irrigation water availability, maximizing irrigation water use
efficiency, and mitigating the effects of excess moisture are all difficult
tasks. Temperature variations can affect the bulbing. High temperatures
are a major environmental concern as they limit vital plant functions like
seed germination, seedling growth, plant metabolism, yield and bulbing
in onion in various agro-ecological zones around the world. Onions are
sensitive to salinity and create a significant impact on the bulb yield and
quality. Genetic modifications and chemical treatments that are resistant
to high temperatures, flooding, drought, and salinity might be used for
the mitigation of abiotic stress in onions for the better improvement of

yield.
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