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Abstract

Shallot cultivation in dryland areas is often constrained by limited water availability and low soil fertility. Deficiencies in organic matter and
essential nutrients, particularly nitrogen, phosphorus and potassium, hinder optimal plant growth. To enhance the success of shallot farming
under such conditions, strategies to improve water availability and nutrient supply are required, including periodic irrigation and the
application of site-specific fertilisers. This study aimed to evaluate the effects of different watering intervals and fertiliser types on the growth
and productivity of shallots in dryland ecosystems, serving as a reference for good agricultural practices. The experiment was conducted in
Bulupountu Village, Sigi Biromaru District, Sigi Regency, Central Sulawesi, from May 2023 to November 2023. A split-plot experimental design
was employed, with watering interval as the main plot factor (Ty: daily, T»: every two days, Ta: every three days) and fertiliser type as the
subplot factor (Fo: no fertiliser/control, Fi: organic fertiliser at recommended dose, F2: inorganic fertiliser at recommended dose). The
agronomic performance observed was plant height, number of leaves per plant, number of tillers, bulb weight per clump and yield per
hectare of shallot. The results demonstrated that both watering interval and fertiliser type significantly influenced shallot growth and yield.
The combination of watering every two days and application of 5 t/ha organic fertiliser yielded the most favourable results, producing up to
6.20 t/ha of shallots. These findings suggest that optimising water and nutrient management is essential for improving shallot productivity in
dryland agriculture.
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Introduction of water, so the drought factor is one of the abiotic constraints that
limit shallot production in dryland. In addition, dryland tends to be
less fertile, poor in nutrients, low in organic matter and sandy. The
lack of organic matter and nutrients such as nitrogen, phosphorus
and potassium makes it difficult for plants to grow well. Efficient
water utilisation in dryland is important, especially in uncertain
climate conditions. Several studies have shown that shallots are very
sensitive to water availability, especially during the bulb
development process. Regular watering can significantly increase
crop vyield; conversely, inadequate watering can stunt plants and
decrease production (7-9).

Shallot cultivation is an agricultural activity with high economic
value, especially in tropical areas. In Central Sulawesi, Indonesia,
shallot products are the raw material in the household industry,
which is popularly known as Bawang Goreng (1, 2). The
characteristics of the Bawang Goreng product are: perfectly cooked,
golden yellow in colour, crispy, crunchy texture, appetising, does not
smell rancid and has a distinctive onion aroma. It is made from
shallots of the Lembah Palu variety (Allium cepa L. var. aggregatum).
Based on a survey of shallots of the Lembah Palu variety shows that
the number of bulbs for one clump of plants can reach an average of

five cloves with an average weight of around 12.5 g, so that Shallots have moderate water requirements. Watering
production per hectare reaches an average of 3.3 t. This production should be done carefully because shallots are not resistant to
is still very low compared to the potential yield of 10-12 t/ha (3, 4). waterlogging, which can damage the roots. Ideally, irrigation is done

when the soil begins to dry out, with a watering frequency of once a
day during the early stages of growth and can be increased to twice a
day towards the bulb formation phase. A drip irrigation system is one
of the most efficient methods for maintaining soil moisture in
dryland, because it can channel water directly to the root zone
without being wasted through evaporation (10).

One of the main challenges in shallot cultivation on dryland
is the limited water availability and low soil fertility. Proper water and
nutrient management are required to improve yield and ensure
sustainable production under these conditions (5, 6). Central
Sulawesi has quite extensive dryland with temperature fluctuations
above 37 °C. The main problem of dryland is the limited availability
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In addition to efficient water utilisation, the selection of
fertiliser types also greatly determines the success of shallot
cultivation. Dryland is generally poor in nutrients, so balanced
fertiliser application is important to support plant growth. Shallots
require the main nutrients during the plant growth process, such as
nitrogen (N), phosphorus (P) and potassium (K). Basic fertilisers are
generally given during land preparation before planting, for
example, using NPK and organic fertilisers. The first follow-up
fertilisation is carried out 10-15 days after planting, while the second
fertilisation is carried out at the age of 30-35 days when the plants
enter the tuber formation phase. Thus, the combination of organic
and inorganic fertilisers provides the best results in plant cultivation
onmarginalland (11, 12).

Organic fertilisers such as compost and green manure can
increase the soil's capacity to store water and improve soil structure
so that it is more optimal in supporting root growth. Meanwhile,
inorganic fertilisers, especially nitrogen (N), phosphorus (P) and
potassium (K) fertilisers, provide nutrients in a form that is more
easily absorbed by plants, thereby accelerating growth and
increasing yields (13, 14). Inorganic fertilisers usually dissolve quickly
in water, so that if given together or immediately after watering,
plants can immediately absorb nutrients. Meanwhile, organic
fertilisers take longer to decompose and release nutrients, but still
require soil moisture so that microbes can decompose them. Proper
watering will help the decomposition process of organic fertilisers.

Previous research has generally focused on a single aspect,
either regulating watering frequency or partially applying specific
fertilisers, without considering the relationship between plant
growth phases and water and nutrient requirements. Furthermore,
the irrigation technology used is still dominated by conventional
methods such as manual watering, which wastes water and is less
suitable for dry land conditions (15). The combination of irrigation
and proper fertilisation will accelerate the absorption of nutrients by
plants so that it can increase the productivity of shallots in dryland,
especially in difficult environmental conditions (16, 17). Thus, to
optimise shallot production in dryland, an integrated approach is
needed between efficient water management and proper fertiliser
application. The study aimed to determine the interval of water
application and the type of fertiliser that is effective in increasing the
growth and production of shallots as a reference in implementing
good farming methods for shallot cultivation in dryland.

Materials and Methods
Study site and experimental design

The study was conducted in Bulupountu Jaya Village, located in Sigi
Regency, Central Sulawesi, Indonesia, at an elevation of 120 m above
sea level. The experimental site is characterised by inceptisol soil,
distinguished by its acidic nature (pH < 6) and low organic matter
content. The characteristics of the chemical and physical properties
of the soil in the research area are described in Table 1. Climatic
conditions in the area include a mean air temperature of 37.3 °C, an
average annual relative humidity of 72.49 % and a mean annual
precipitation of 41.10 mm?. The research was carried out over six
months, from May to November 2023.

A split-plot experimental design was employed,
incorporating two treatment factors. The main plot factor consisted
of three watering intervals: T, = daily, T. = once every two days and

Table 1. Chemical and physical properties of the soil

Soil properties

pH (H20) 5.87
C-organic 0.75
C/N ration 7.58
Total N (%) 0.14
Total P (mg 100/g) 21.54
K.0 (mg 100/g) 27.64
CEC (meg 100/g) 14.30
Bulk Density (g/cm?3) 1.54
Permeability (cm/hour) 3.67
Porosity (%) 45

Ts = once every three days. The subplot factor involved fertiliser
application, comprising three levels: F, = no fertiliser (control),
F. = organic fertiliser as per recommended dosage and F, =inorganic
fertiliser as per recommended dosage. The factorial combination of
these treatments resulted in nine treatment combinations, each
replicated three times, yielding a total of 27 experimental units.
Before planting shallots, the land is first ploughed using a hand
tractor. The soil is ploughed to a depth of 20-30 cm until loose, then
made into beds measuring 2 m x 4 m with a distance between plots
of 30 cm. The soil cultivation is carried out two weeks before
planting. Compost fertiliser was applied one week before planting at
a dose of 5 t/ha by burying and then levelling, while inorganic NPK
fertiliser was applied 14 days after planting according to the
recommended dose of 200 kg/ha. The shallot seeds were planted
with a spacing of 15 cm x 20 cm from north to south, with a distance
between rows of plots of 0.60 m. The shallot seedlings used were the
Lembah Palu variety (A cepa). Watering was done in the moming or
evening according to the treatment. Weeding was done manually as
needed, while pest and disease control was carried out using the
integrated pest control method for lowland vegetables.

Data collection and analysis

Agronomic parameters evaluated in this study included plant
height (cm), number of leaves (leaves/plant), number of tillers
(tillers/plant), bulb diameter (mm), bulb weight per clump (g)
and yield per hectare (t/ha) of shallot. For each variable, data
were collected from 10 randomly selected clumps of shallot
plants. Measurements of plant height, number of leaves and
number of tillers were conducted at 49 days after planting (DAP).
Plant height was measured from the base of the plant to the tip
of the longest leaf using a measuring ruler. The number of leaves
per plant was recorded manually, the number of tillers was
counted directly from each clump, while the bulb diameter was
measured by callipers.

Bulb weights, as well as yield per hectare, were assessed
at harvest. Bulb weight was determined using a digital balance
immediately after harvest. Subsequently, the bulbs were
air-dried until a constant weight was obtained to determine dry
biomass. The total weight of fresh shallot bulbs, excluding leaves
and roots, was then extrapolated to estimate yield per hectare
(t/ha). The data obtained were analysed using analysis of
variance (ANOVA) appropriate for a split-plot design. Significant
main and interaction effects were further examined through
mean separation using the honestly significant difference (HSD)
test at the 5% probability level.
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Results
Plant height and number of leaves

There was an interaction between the watering interval and the
type of fertiliser on plant height and the number of leaves (Table 2).
It was found that watering intervals and types of fertilisers had a
significant effect on the plant height and number of leaves
(Table 2). When the data in terms of plant height and number of
leaves were evaluated, it was found that the highest plant height
mean value (41.73 c¢cm) and number leaves mean value
(12.7 leaves/plant), were reached in the combined applications of
watering intervals once every two days and organic fertiliser
according to recommendations, so the treatment of the watering
interval and the type of fertiliser played a role in increasing plant
height and the number of shallot leaves.

Table 2. The effect of different watering intervals and types of
fertilisers on plant height and the number of leaves of the shallot

Variable TxF Fo F1 F. HSD 5 %
T gq34.25b  r36.83a g36.98a
Plant height T, p38.99b  p4l.73a p40.90a 1.64
Ts p39.19a g39.23a p40.08a
HSD 5% 1.64
T q8.80b g9.70a g9.90a
Number T, p9.77Tb  pl2.07a  pll37a  0.84
Ts p9.83a ql10.07a q10.40a
HSD 5 % 0.84

Numbers followed by the same letters in columns (p, g, r) and rows
(a, b, c) are not significantly different at the 5% level as assessed by
the honestly significant difference (HSD), Ty daily, T2: once every
two days and Ts: once every three days, Fo: no fertiliser (control), F:
organic fertiliser as per recommended dosage and F.: inorganic
fertiliser as per recommended dosage.

Number of tillers

There was no interaction between the watering interval and the
type of fertiliser on the number of tillers, but the watering interval
and the type of fertiliser had an individual effect (Table 3). The
watering interval of once every two days showed the largest
number of tillers (7.02 tillers) and was significantly different from
the watering intervals of daily and once every three days. The type

of organic fertiliser showed the largest number of tillers (6.81
tillers), which was not significantly different from inorganic
fertiliser, but significantly different from no fertiliser (Table 3).

Table 3. The effect of different watering intervals and the type of
fertiliser on the number of tillers (tillers)

Watering interval Number of tillers

T 6.03b
T2 7.02a
T3 5.18c
HSD 5 % 0.69

Types of fertilisers

Fo 5.04b
F1 6.81a
Fa 6.38a
HSD 5 % 0.69

Numbers followed by the same letters in columns (p, q, r) and rows
(a, b, c) are not significantly different at the 5 % level as assessed by
the honestly significant difference (HSD), Ti: daily, T2: once every
two days and Ts: once every three days, Fo: no fertiliser (control), Fi:
organic fertiliser as per recommended dosage and Fa: inorganic
fertiliser as per recommended dosage.

Bulb diameter

The watering interval and fertiliser type had no significant effect on
bulb diameter. However, watering every two days and applying
organic fertiliser tended to produce the highest bulb diameter
(25.33 mm) compared to the other treatments (Fig. 1).

Bulb weight per clump and yield per hectare of shallots

There was an interaction between the watering interval
application and the type of fertiliser on the bulb weight and yield
per hectare of shallots (Table 4). Table 4 shows the interaction
between the watering interval and the type of fertiliser on the
parameters of bulb weight and yield per hectare of shallot, so that
the treatment of watering interval and fertiliser type plays a role in
increasing bulb weight and yield per hectare of shallot. The T.F;
combination treatment showed the highest bulb weight (22.87 g)
and the highest shallot yield per hectare (6.20 t/ha), significantly
different from other treatments.
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Fig. 1. Average diameter of shallot bulbs at various watering intervals and fertiliser types. Note: T1: daily, T2: once every two days and Ts: once
every three days, Fo: no fertiliser (control), Fi: organic fertiliser as per recommended dosage and F.: inorganic fertiliser as per recommended

dosage.
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Table 4. The effect of different water application intervals and types
of fertilisers on the bulb weight and yield per hectare of shallot

Variable TxF Fo F1 F. HSD 5 %
T: qll1.85b r14.85a r15.31a
Bulb weight T, pl4.40b p22.87a p21.39a 1.49
Ts pl4.24b ql8.57a q19.30a
HSD 5 % 1.49
. Ta g3.16b r3.96a r4.08a
Yield per T, p3.84c  p6.20a  p5.70b 034
Ts p3.80b g4.95a g5.15a
HSD 5 % 0.34

Numbers followed by the same letters in columns (p, g, r) and rows
(a, b, c) are not significantly different at the 5 % level as assessed by
the honestly significant difference (HSD), Ti: daily, T2: once every
two days and Ts: once every three days, Fo: no fertiliser (control), Fi:
organic fertiliser as per recommended dosage and F.: inorganic
fertiliser as per recommended dosage.

Discussion

The results of the study showed that there was an interaction
between the treatment of watering interval and fertiliser type on the
parameters of plant height and the number of leaves, bulb weight
per clump and vyield per hectare of shallot, while there was no
interaction on the number of tillers of shallot so that the treatment of
watering interval and fertiliser type played a role in increasing the
growth and yield of shallot (Table 2-4). Previous studies reported
that the amount of irrigation water and nitrogen fertiliser had a
significant effect with a probability level of 1 % on the yield and
components of shallot yields (18).

The number of tillers in shallots does not show a significant
interaction between watering interval and fertiliser type because this
trait is more controlled by genetic and physiological factors than by
environmental conditions. Hormonal regulation, particularly the
balance of auxin, cytokinin and gibberellin, is known to play a
significant role in regulating lateral shoot formation, so variations in
water and nutrient availability have little impact (19, 20).
Furthermore, differences in tiller potential are also determined by
varietal traits and cultivar metabolite profiles, not solely by fertiliser
or water availability (21). Thus, the stability of tiller number reflects
the dominance of internal plant mechanisms over the influence of
external agronomic treatments.

Optimal water conditions must support good plant growth
and the irrigation schedule must be adjusted to climate conditions,
especially depending on the amount and distribution of rainfall
(10, 22). High rainfall can inhibit the photosynthesis process in shallot
plants, because the energy of sunlight is blocked by clouds and
causes excessive water availability which can inhibit the
photosynthesis process for plant growth, on the other hand, water
stress can be detrimental because it will interfere with the metabolic
process in the plant body so that the impact is hampered from
entering the next vegetative phase (23-27). In shallot cultivation,
optimal soil moisture is usually maintained at 60-80 % of field
capacity, because below 50 % the plant begins to experience
drought stress characterised by stunted growth and decreased bulb
weight (28,29).

The frequency and duration of irrigation are critical
determinants of plant growth and development. In the present
study, variations in watering intervals significantly influenced plant
height, leaf number and overall productivity. This is supported by
previous findings indicating that optimal irrigation timing enhances
hormonal activity within cell walls, thereby promoting the synthesis
of sugars that drive cell enlargement and vacuole formation (30, 31).

Vacuoles, once activated, absorb substantial amounts of water,
improving cell turgidity and contributing to robust vegetative growth
(32). These hormonal mechanisms also facilitate cell elongation,
thickening of cell walls and the formation of new cells, ultimately
accelerating the development of shoots, leaves and root systems.

However, maintaining an appropriate water balance is
essential throughout all growth phases. Both insufficient and
excessive water can negatively impact plant physiological processes,
leading to abnormal growth patterns and reduced yields (33). Over-
irrigation, for example, may cause soil oxygen depletion, resulting in
impaired root respiration and potential root damage (34). This
highlights the importance of tailoring irrigation practices to the
specific water requirements of the crop and prevailing
environmental conditions to optimise plant health and productivity.

The low production of the Palu Valley shallot variety is due to
the fact that most shallots are grown on dryland with quite unique
agro-ecosystem characteristics, characterised by relatively low
rainfall and uneven distribution throughout the year, low organic
matter content due to intensive land cultivation and minimal
organic inputs. The T,F, combination (watering every two days +
organic fertiliser) provides the best results due to the positive
interaction between optimal water availability and improved soil
quality due to the application of organic fertiliser, which causes the
soil structure to become loose (Table 4). Watering every two days
maintains soil moisture without causing hypoxia, allows for efficient
root respiration and provides energy (ATP) to support cell division
and elongation (35). At the same time, organic fertiliser improves soil
structure, increases cation exchange capacity and enriches soil
microbial activity, thereby accelerating nutrient mineralisation (36).
These conditions increase the efficiency of nitrogen and phosphorus
absorption, which play an important role in chlorophyll formation,
energy metabolism and protein synthesis. Biochemically, increased
nutrient availability and photosynthetic activity encourage
carbohydrate accumulation and assimilate translocation to tubers,
resulting in higher yields compared to other treatment
combinations (37).

The highest yields in the TF, combination indicate that this
treatment is able to provide more balanced environmental
conditions compared to other treatments. In T,F; (watering once a
day + organic fertiliser), despite greater water availability, excessively
high soil moisture tends to reduce oxygen diffusion in the root zone,
resulting in suboptimal root respiration. This can reduce nutrient
uptake efficiency even when organic fertiliser is adequate.
Conversely, in TsF1 (watering once every three days + organic
fertiliser), plants experience a longer period of drought stress,
disrupting photosynthetic activity, resulting in lower production (38).

Watering intervals and effective fertiliser types are important
aspects of implementing good agricultural practices for shallot
cultivation. Proper water management can ensure that plants get
sufficient water supply according to the growth phase of the shallot,
while proper fertilisation will meet the nutritional needs of plants for
optimal growth. The combination of these two aspects not only
increases the productivity and quality of shallots but also contributes
to the sustainability of environmentally friendly agriculture. The
implementation of good agricultural practices will help shallot
farmers achieve maximum results while maintaining the balance of
the ecosystem and the sustainability of natural resources.
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Conclusion

Watering interval and fertiliser type significantly influence the
growth and productivity of shallots in dryland conditions. The
combination of watering once every two days with the
application of organic fertiliser proved to be the most effective
strategy. This treatment resulted in a shallot yield of 6.20 t/ha,
indicating that it is a sustainable and efficient approach for
shallot cultivation in dryland areas.
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