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ABSTRACT

Drip irrigation is an important and modern irrigation system. This system can save water and improve the
growth and yield of onions. Accordingly, this experiment was carried out to examine onion growth, yield, and
irrigation water efficiency under a drip irrigation system during the Kharif season 2019 using four onion
varieties: Chiltan, Sariab Red, Sawat-1, and Gulnar in three replications in a randomized complete block
design at the Directorate Vegetable Seed Farm, Quetta. The results revealed that drip irrigation yielded higher-
quality growth, with the maximum plant height and neck thickness observed in the Gulnar variety of onions
(64.72 cm) and (1.29 cm), respectively. Bulb formation was also superior in the Gulnar variety of onion under
this system of irrigation in size and weight, which was (92.29 mm) and (307 g) respectively. The maximum
yield obtained from this experiment was 27.6 kg/plot in the Gulnar variety. While the Chiltan variety was
second-best-performer in this experiment, producing a mean bulb weight of 276.87 g and a total bulb yield of
25.83 kg/plot. Drip irrigation affected the morphological performance of onion, resulting in appropriate onion
growth and yield parameters. The water-saving efficiency indicated that under drip irrigation, the soil moisture
reached the root zone of the plant, and water runoff was not at all. Compared to classical irrigation, the drip
irrigation system saved 32.8% more water, utilizing a total of 604 liters across all development stages.
Therefore, it is suggested that a drip irrigation system should be installed for water-scarce areas and the Gulnar

variety be cultivated for better onion production.
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INTRODUCTION

Due to their vital culinary traditions and nutritional value, onions (Allium cepa L.) hold a prominent position
among vegetables and are consistently in demand in both domestic and international markets. In 2021, 107 million
tonnes of onions (including shallots) were produced worldwide on 5.78 million hectares (FAO, 2022). In 2024,
Pakistan produced 2.3 million tonnes on 0.14 million hectares (FAOSTAT, 2025). In Balochistan, onions are
cultivated on 35.7 thousand hectares (21% of the country’s cultivation area) with a production of 680.300
thousand tons (33% of the country’s production) (Agricultural Statistics of Pakistan, Ministry of National Food
Security & Research, Islamabad, 2023; FAO, 2023). Sustainable onion productivity increasingly depends on the
efficient management of resources such as water and nutrients. Water is the most precious and essential resource
for agriculture (Ray et al., 2023). For sustainable agriculture and the preservation of water resources, especially in
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areas with limited water, effective water management is essential. In semi-arid areas, optimizing irrigation depth
can greatly increase onion output and water use efficiency. Overwatering can also adversely affect the quality of
the final crop. Due to relatively high deep percolation, particularly on sandy soils, large irrigation water
applications can lead to low water productivity (WP). Water conservation and WP improvement will therefore
greatly benefit from an effective irrigation technology that can avoid deep percolation and prevent plant water
stress (Terdn-Chaves et al., 2023).

Thanks to developments in irrigation technology, drip irrigation has become a widely used technique in arid agro-
ecosystems worldwide (Yao et al., 2019). Drip irrigation offers several benefits over traditional irrigation
techniques, such as flood or furrow irrigation, including considerable water savings and increased yield by
delivering water directly to plant roots (Wu et al., 2023). These advantages are ascribed to drip irrigation's capacity
to deliver water precisely and under control, minimizing water loss from evaporation, runoff, and deep percolation.
Drip irrigation is frequently regarded as a successful technique for conserving water and enhancing the WP of
onions since it can give tiny and frequent application depths (Wang et al., 2022). According to Wilson et al.
(2024), compared to solid-set sprinkler irrigation, drip irrigation enhanced average bulb size by 9% while
maintaining reduced soil water tension. The results of Asokhan et al. (2024) show that drip irrigation had a
moderate influence on most onion-growing farmers (77.31%). Regarding the category-wise impact of drip
irrigation on onion-growing farmers, the majority (84.90%) of the farmers were able to meet their needs, followed
by 45.38 percent of the respondents had increased respect in their village, the majority (96.60%) of the farmers
reported that water usage had decreased after adopting drip irrigation, 10% of the farmers reported that vigorous
weed growth was suppressed after adopting drip irrigation; the majority (93.30%) of the farmers felt that the crop
matured early.

Water use for crop production is important, especially for crops like onions, which are considered a main cash
crop. Appropriate irrigation is important to produce onions. Management of irrigation improves growth, quality,
bulb size, and yield (Maughan et al, 2015). Several studies have reported and proved the benefits of drip irrigation
application, but onion crop growth and vyield still need immediate attention, especially in water-scarce areas.
Therefore, the current study was conducted with the objectives of studying the influence of drip irrigation on onion
growth and development, and yield potential in the Quetta region, where water scarcity is a major problem.

MATERIAL AND METHODS

Experimental site and material: The present experiment was conducted during the Kharif season of 2019 at the
Directorate of Vegetable Seed Farm, Quetta, Balochistan, to study the influence of drip irrigation on onion growth
and yield. The experimental field soil was loamy, and the pH was 8.3, indicating it was alkaline. The experimental
field was irrigated before and after transplanting at two-day intervals. When the plant neck fell, the irrigation
stopped 15 days before harvesting. Seeds were sown on 1st January in the nursery. The seedlings were
transplanted on 15th March. The transplantation was done in the morning in the month of mid-March. For
transplanting, healthy and uniform-sized seedlings were selected. The crop was ready to harvest about 182 days
after transplanting. The harvesting was done on the morning of 12th September.

Field temperature: Experimental field temperature was recorded from the month of transplanting in March till
the month of harvesting in mid-September. The maximum temperature was recorded in May at 43.5 °C, and the
minimum temperature was recorded in March at 30.0 °C.

Experimental design: A Randomized Complete Block Design with four treatments and three replications was
used in the present experiment. Treatments were T1 (Chiltan), T2 (Sariab Red), T3 (Sawat-1), and T4 (Gulnar).
The seedlings were transplanted on both sides of the ridges. Plant-to-plant distance was 15 cm, and row-to-row
distance was 13 cm. The size of the plot was 360 square feet. There were two ridges in a subplot with 80 seedlings
transplanted in each.

Figure 1: Minimum and maximum atmospheric temperature (°C) during the experimental year 2019.
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TRAITS OBSERVED

Seed germination (%0): The germination of seeds was counted daily for each variety for three replications, and
their average was recorded in percentage for the three replications accordingly.

Plant Height (cm): The height of the plant from five plants from each treatment was measured in centimeters
using a measuring tape. It was measured before harvesting. Four treatments were used for statistical analysis and
interpretation of results.

Neck thickness (cm): Four treatments were taken to measure the neck thickness in centimeters using a measuring
tape. This data was taken before the harvest. The data was recorded for five plants per replication.

Bulb Size (mm): Five bulbs were selected from each treatment, and then the diameter of each bulb was measured
in millimeters. The average of these was used for statistical analysis and interpretation of results. A Vernier caliper
was used for measuring the bulb size.

Bulb Weight (g): Five bulbs from each treatment were selected, and then each bulb was measured in grams. The
average of these was used for statistical analysis and interpretation of results.

Total bulb yield (kg): The yield of each replication was measured separately, and their average was recorded in
kilograms by a digital weighing machine in kg/plot. The yield of each treatment was analyzed for statistical
analysis.

Drip irrigation system: The field was irrigated by a drip irrigation system with two-day intervals. There were 40
emitters per ridge irrigating 80 seedlings per ridge. The discharge of water from drip irrigation was 2 liters per
hour with a pressure of 2.0 bars.

Statistical analysis: The data collected were statistically analyzed by using Statistix 8.1 software, and the
differences among treatment means were compared using the least significant difference (LSD) test at 5%
probability level, as described by Steel and Torrie (1980).

RESULTS AND DISCUSSION

The present experiment results showed that the growth and yield parameters of onions were significantly
influenced by the application of a drip irrigation system with two-day intervals. Data was collected on plant
height, neck thickness, bulb size, bulb weight, yield, and efficiency of irrigation water.

Seed germination: The germination took place in Gulnar on the second day, 10%, in Chiltan on the second day,
about 6%, in Sawat-1, 2%, and Sariab Red germinated on the third day, 6%. Gulnar reached to 100% as earlier on
10th day, Chiltan on the 11th day, while Sariab Red and Sawat-1 on the 13th day each.

Table 1: Average seed germination percentage of onion varieties from three replications

Day | Day | Day | Day
10 | 11 | 12 | 13

1 Chiltan 0 6 12 | 18 | 24 | 33 | 45 | 55 | 65 | 82 | 100

Sr.No. | Varieties |Day 1|Day 2|Day 3|Day 4|Day 5|Day 6|Day 7|Day 8|/Day 9

2 SariabRed | 0 0 6 12 | 15 | 20 | 25 | 39 | 48 60 | 71 | 81 | 100

3 Sawat-1 0 2 8 10 | 14 | 25 | 30 | 42 | 54 | 68 | 74 | 86 | 100

4 Gulnar 0 10 | 15 | 25 | 36 | 48 | 63 | 75 | 86 | 100

Plant height: Plant height is an essential characteristic in onions. Any practice that modifies the plant height
would affect the yield of the onion. In the present experiment, the highest plant height was recorded (64.72 cm) in
Gulnar, (58.49 cm) in Chiltan, (57.01 cm) in Sawat-1, and (53.79 c¢cm) in Sariab Red, which showed that in the drip
irrigation system, plants obtained soil moisture availability under drip irrigation, thus increasing plant growth
vigor. The result, according to Bhasker et al. (2018) and Sanker et al. (2008), also observed the highest plant
height (66.37 cm) and (73.6cm), respectively.

Table2: Influence of drip irrigation on plant height (cm)

Treatment Mean
Gulnar 64.72 A
Chiltan 58.49B
Sawat-1 57.01BC

Sariab Red 53.79C

LSD 4.15

Different letters show significant differences at 5% probability level.

Neck thickness: The highest neck thickness recorded (1.29 cm) was in Gulnar, Chiltan recorded neck thickness
(0.96 c¢cm), and then Sawat- 1 (0.72 cm) and Sariab Red (0.58 ¢cm) due to the availability of moisture during the
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complete onion growing period favor the development of neck thickness. High neck thickness leads to a large bulb
diameter and weight. Similar results were also obtained by Rao et al. (2019) and Bhasker et al. (2018); they also
found that, in their study, the highest neck thickness was 1.36 cm and 1.62 cm, respectively.

Table3: Influence of drip irrigation on plant neck thickness (cm)

Treatment Mean
Gulnar 1.29A
Chiltan 0.96 B
Sawat-1 0.72C

Sariab Red 0.58C

LSD 0.20

Different letters show significant differences at 5% probability level.

Bulb size: In drip irrigation system, application of water at a low rate for a longer period at frequent intervals near
the root zone increases the moisture with a reduction of water loss. In this study, the maximum bulb size obtained
from Gulnar was (92.29 mm), the recorded data of Chiltan was (85.41 mm), and then Sawat-1 (81.54 mm) and
Sariab Red (76.19 mm). This result was confirmed by the findings of Tripathi et al. (2010) and Sanker et al.
(2008), who revealed that bulb size was significantly larger (5.78 cm) and (5.77 cm) under a drip irrigation system,
respectively.

Table4: Influence of drip irrigation on bulb size (mm)

Treatment Mean
Gulnar 92.29 A
Chiltan 85.41B
Sawat-1 81.54BC

Sariab Red 76.19C

LSD 6.12

Different letters show significant differences at 5% probability level.

Bulb weight: The recorded data indicated the highest bulb weight (307.33 g) in Gulnar, the second highest bulb
weight observed in Chiltan (276.87 g), then Sawat-1 (264.67 g), and (215.60 g) Sariab Red. This high bulb weight
is also due to the reduction of surface water runoff with consistent water application. Growth uniformity is directly
related to bulb size, bulb weight, and yield. This result is related to the results of Tripathi et al. (2017) and Sanjay
et al. (2013), who revealed bulb weight (60.99 g) and (56.8 g), respectively.

Table 5: Influence of drip irrigation on bulb weight (g)

Treatment Mean
Gulnar 307.33A
Chiltan 276.87B
Sawat-1 264.67B

Sariab Red 21560 C
LSD 21.35

Different letters show significant differences at 5% probability level.

Total bulb yield per plot: The maximum yield observed (27.16 kg/plot) was obtained from Gulnar, the second
maximum yield was recorded in Chiltan (25.83 kg/plot), and then Sawat-1 (25.33 kg/plot) and Sariab Red (22.66
kg/plot), which is the highest yield. In this experiment, the increased yield of all four varieties of onion is due to a
constant moisture regime. Moisture, aeration, and variation in soil moisture are reduced by drip irrigation. This
result agrees with Bhasker et al. (2018) and further reveals that Tripathi et al. (2017) obtained yields of (33.93
t/ha) and (47.47 t/ha) from the drip irrigation system.
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Table 6: Influence of drip irrigation on total bulb yield

Treatment Mean
Gulnar 27.16 A
Chiltan 25.83 AB
Sawat-1 25.33B

Sariab Red 22.66 C
LSD 1.58

Different letters show significant differences at 5% probability level.

Influence of drip irrigation: In the present experiment, scheduling of drip irrigation with two-day intervals was
effective for the onion, which increased the growth as well as the yield parameters. The shorter intervals in drip
irrigation supplied moisture to the root zone. A drip irrigation system kept soil physical circumstances in a
congenial form for plant growth by keeping an ideal soil water balance around the plant base. Due to this, growth
performance is better with the application of drip irrigation and shorter intervals. Plant growth and high vigor
occurred when the crop root system enlarged; thus, this root system enlargement is favored by the drip irrigation
method. This result lines up with the conclusions of Bagali et al. (2012) and Shock et al. (2005) that drip irrigation
applied at one- or two-day intervals improves the performance of entire growth and yield parameters because of
the requirement for more frequent water applied per irrigation cycle.

Figure 2 describes the three stages of growth and water saving by the application of a drip irrigation system. The
total irrigated water applied in the entire experiment was 604 liters, indicating 32.8% of water was saved as
compared to the classical irrigation method for the onion crop, approximately 900 liters of irrigation water. The
results are supported by Sanker et al. (2008) and Halvorson et al. (2008), who revealed that (37.8%) water was
saved, and 72% less water was applied. Hence, the results prove that the drip irrigation system is an appropriate
system of irrigation for onion growth and yield under the agro-climatic conditions of Quetta; however, results may
vary depending on environmental factors, including rainfall, temperature, soil type, and irrigation water quality.
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Figure 2: Influence of drip irrigation on water saving

CONCLUSIONS

The drip irrigation markedly improved the growth and achieved the uniform yield of onion cultivars. Moreover,
the outcomes of the current study demonstrated that drip irrigation is highly efficient in saving water, consuming
only 604 liters of water throughout the growth stages of the crop. Gulnar and Chiltan showed considerably
demonstrated better performance across all traits in comparison with their counterpart varieties. Drip irrigation was
equally efficient and appropriate for all varieties under the agro-climatic conditions of Quetta. Therefore, both
small and large-scale onion growers can adopt this drip irrigation system to enhance production while conserving
water.

RECOMMENDATIONS
It is recommended that a drip irrigation system be installed for water-scarce areas and the Gulnar variety be
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cultivated for better onion production.
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