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Chilli (Capsicum frutescens L.) is one of Indonesia’s most
popular horticultural crop having high economic value. This is an
essential kitchen spice and its need continues to increase but its
productivity is not increasing. The reason may be various factors,
including suboptimal cultivation, pest attacks, and unfavourable soil
and climate conditions (Sudarma et al., 2024). On the other hand,
East Java Province has the highest chilli production in Indonesia.
According to the Central Statistics Agency (2019), East Java
Province contributed 42% of domestic chilli production. It shows that
East Java has great potential to develop chilli plants. The underlying
reason for this consideration is due to favorable climatic conditions
and extensive agricultural land. Some studies have shown that chilli
plants need a lot of water at the beginning of growth to support
the vegetative growth process (Nurwanto ef al., 2017). In addition,
proper water application is a concern in the growth phase, as it has
been shown to increase chilli productivity (Lictawa and Malamug,
2023). According to Wini et al., (2022), irrigation according to the
growth phase in chilli plants is known not to interfere with plant
growth. The potential for developing chilli production by paying
attention to the water needs of each growth phase will be the right
solution for increasing national chilli productivity.

Implementing the drip irrigation technique is essential
for optimizing water resource utilization during each stage of
plant development. This irrigation system facilitates accurate and
effective water distribution, minimizing water waste, enhancing
plant water availability, and influencing production. (Asmuti and
Awalina, 2021; Sharma et al., 2024). Drip irrigation is one of the
modern irrigation methods designed to maintain root zone moisture

(Jusoh et al., 2020; Nazir et al., 2024), which can increase water
use efficiency through direct water delivery to the root area of
plants (Gui et al., 2022) then supports optimal plant growth. Proper
application of drip irrigation systems can increase the productivity
of chilli and reduce excessive water use (Cartika et al., 2023).

Data was collected in Bocek Village, Karangploso
District, Malang Regency, East Java Province. Bocek Village is
situated in the Karangploso District of Malang Regency, East Java,
encompassing an area of 14.787 km?. Geographically, it is located at
an elevation of approximately 715 m above sea level. Bocek Village
experiences relatively significant precipitation, with approximately
2400 mm yearly rainfall. This climate undoubtedly fosters a variety
of horticultural crops, including chilli. Chilli is predominantly
cultivated during the rainy season, specifically in the second week of
October or November. Farmers rely solely on rainwater as the water
source for the crops. The harvest period occurs approximately 120-
150 days after planting. Daily climatological data from 2013-2022
were obtained from the Indonesian Meteorological, Climatological,
and Geophysical Agency (IMCGA/BMKG) Karangploso station
(coordinates: 7.90°S, 112.60°E; elevation: 590 m above sea level).
Parameters include monthly average data of average temperature,
air humidity, wind speed, length of irradiation, and rainfall. Crop
data was taken from the research reference source of Doorenbos
and Kassam (1979), the value of the crop coefficient (Kc) of chilli
peppers was 0.4, 0.75, 1.1, and 1 in four growth phases- initial stage,
crop development stage, middle season, and late season respectively.
The stages of analysis using CROPWAT Version 8.0 software
according to Prastowo et al., (2016). Plant water requirements can
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Table 1: Potential evapotranspiration (ETo) and effective rainfall
(Re)

Month ET, (mm) Rain (mm) Re (mm)
January 110.9 295.5 154.6
February 99.4 356.5 160.7
March 115.0 246.7 149.3
April 113.7 161.3 119.7
May 116.2 110.7 91.1
June 105.9 66.3 59.3
July 110.6 45.8 42.4
August 123.9 40.3 37.7
September 147.5 36.5 344
October 146.4 127.5 101.5
November 128.9 2222 143.2
December 105.0 334.0 158.4
Total 1423.7 2043.3 1252.2

Table 2: Irrigation water requirement of chilli
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widely utilized for determining effective rainfall. The peak monthly
rainfall is recorded in February at 356.5 mm, accompanied by
an effective rainfall of 160.7 mm. The lowest monthly rainfall is
observed in September at 36.5 mm, with an effective rainfall of
34.4 mm. The effective rainfall value is generally lower than the
total rainfall value, as not all precipitation is accessible to plants;
some water infiltrates the soil, some is held in the root zone, and the
remainder contributes to groundwater replenishment.

Irrigation water requirement (IWR)

Irrigation water requirement refers to the volume required
to provide evaporation, water loss, and crop needs by considering
the amount of water obtained from rainfall and groundwater
contribution. Irrigation water requirement (IWR) and drip irrigation
for chilli is shown in Table 2.

The highest ETc value occurs in the middle season phase,
3.3 mm day'. The highest IWR occurs in the middle season and
the lowest occurs in the late season. Table 2 supports the findings
in the plant growth water balance, namely the existence of water

Variable Fase Growth Total
Initial stage Crop dev. stage Middle season Late season
Age Plant 0-30 31-70 71-120 121-150 150
ETc (mm day™) 1.9 227 33 3.1 408.3
P (mm) 135.0 180.0 225.0 135.0 675.0
Eff Rain (mm) 111.3 194.7 261.1 155.1 722.2
IWR (mm) 80.8 76.2 129.5 74.5 361.0
Drip irrigation (mm.plant™) 40.5 38.1 64.7 37.2 180.5

be calculated by the formula (Arif et al., 2012)
IWR=ETc+P-Re (1)

where IWR — irrigation water requirement (mm), ET_ —
actual evapotranspiration (mm), P — percolation (mm), and Re —
effective rainfall (mm). Drip irrigation can be calculated by dividing
it with the provision that every square meter of land contains 2
plants.

Potential evapotranspiration (ETo) and effective rainfall (Re)

Potential evapotranspiration denotes the maximum rate
of water loss that can occur from a surface through evaporation
and plant transpiration. The Penman-Monteith method was used
to calculate the ETo. The potential evapotranspiration value
varies every month (Table 1). The maximum value of potential
evapotranspiration occurred in September with 147.5 mm, while the
minimum value occurred in February with 99.4 mm.

Effective rainfall constitutes the portion of total
precipitation accessible for plant absorption, as not all rainwater
that reaches the earth’s surface is directly assimilable by vegetation.
Typically, a portion of water is lost due to evaporation and
interception. The USDA Soil Conservation Service approach is

deficits in all phases of growth, which can be used as a reference
basis for determining the schedule and the right amount of irrigation
for chilli, for the Karangploso area. During the planting of chilli in
October, additional irrigation is needed to provide plant water needs
and increase productivity. By knowing the water needs of plants,
the results of drip irrigation water needs are also obtained, which
includes the need for drip irrigation water in land units of mm.plant™'.
The highest total need for drip irrigation water occurs in the middle
season of 64.7 mm. plant'! and the lowest in the late season of 37.2
mm. plant’. The need for drip irrigation water certainly varies at
each growth phase, where the initial phase requires the most water
on daily because the initial growth process is intensive compared to
the vegetative phase.

This study concludes that chilli crop require varying
irrigation water during its growth phase, with total drip irrigation
needs at the initial stage of 40.4 mm each plant, crop development
stage of 38.1 mm each plant, the middle season of 64.7 mm each
plant and late season of 37.2 mm each plant. CROPWAT Version
8.0 allows accurate calculation of water requirements, and proper
irrigation scheduling is essential to increase productivity and water
use efficiency. This research contributes to sustainable agricultural
practices in Indonesia.
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