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Abstract: Onion is an important commercial vegetable of Pakistan, used daily as culinary
item. Its prices are usually low during April-June, the time when Sindh and Punjab crops
are available in the market, due to which the growers cannot get a good return from their
seasonal crop (May). However, market demand and therefore price is high during the
months of November and December. Production and availability of kharif onion crop
through sets during this period can pay a good profit. Therefore, this study was carried out
at Vegetable Research Area, University of Agriculture Faisalabad; with the aim to
determine the set production potential of three onion cultivars viz. Red Bone, TI-172 and
in comparison with Phulkara; ii) influence of seed source (Magnus Kahl Seeds [MKS] and
Government source [Govt.]) on set production of cv. Phulkara; and ii) the effect of two
phosphatic fertilizers, diammonium phosphate (DAP) and nitrophos (NP), applied @ 100
g 272.25 ftfive times at two-week interval on set production of onion cv. Phulkara. Two
experiments were conducted for this purpose, which were replicated three times. Results
showed that Phulkara (MKS) produced the highest number of sets (1807/45.5 ft?) while
Red Bone produced the lowest number (119). Also, the Phulkara (MKS) had the largest
individual (1.9 g) and total (2761.5 g/45.5 ft%) set weights than that of any experimental
cultivars. The application of DAP produced highest number of sets (1187.3/45.5 ft?) and
individual set weight (1.46 g), followed by NP and then control. Our results indicate that
the Phulkara (MKS) showed a strong potential in terms of producing a good number and
healthier sets. While DAP application to Phulkara (Govt.) produced the highest number
of sets having the greatest mean set weight. It was concluded that newly available onion
hybrids in the market don’t have set production potential. Moreover, seed source has great
impact on good quality set production of those cultivars which had been reported to have
sets production potential.
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1. Introduction

Onion (Allium cepa L.) is an important commercial
vegetable globally as well as in Pakistan, and a good
source of income for the small land-holders due to its
high return (Ziaf et al., 2019). Various components of

and phytochemicals, which can be used in nutrient
supplements, and pharmacological drugs (Kumar et al.,
2022; Marrelli et al., 2019; Sagar et al., 2022; Zhao et
al., 2021). As the country’s population increased, the
rate of onion production also has increased (Mahmood
et al., 2021; Qazi et al., 2021). According to FAO

onion are rich in bioactive compounds, antioxidants
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statistics, total onion production in Pakistan reached
2.12 million tons, on an area of 0.15 m ha, at an
average yield rate of 15.5 t ha'!, which is quite low if
compared with potential yields (FAO, 2018). Few of
major reasons of this low productivity in onion are: use
of inferior quality seed of limited number of cultivars,
inapt production timing and unbalanced fertilization
practices which reduce the margin of small-land
holders income by increasing cost of production
(Anjum et al., 2019; Lugman et al., 2020; Masood et
al., 2012; Muhammad et al., 2021).

Production of onion in the country is much higher in
rabbi season than the kharif season (Diwivedi and Asat,
2019; Government of Pakistan, 2018a; Singh et al.,
2021). So, the rate of onion produced in rabbi season
(April-May) falls due to glut in the market
(Government of Pakistan, 2018b). While onion is short
in the market during November-December and market
price is very high (Fatima et al., 2015). If onion crop is
ready to harvest during this period, it can give farmers
a high return. But onion cannot be raised through seed
— seedlings method in Punjab during July-August as
the temperature is very high during these months.
Production of onion through sets can give a good bulb
crop during November-December (Naz and Amjad,
2004). Onion sets are small-size bulbs with diameter
10-35 mm in size (Khokhar, 2008). Their size has a
drastic influence on the maturity time and yield of
onion (Mousa, 2015). Moreover, improvement in the
yield of kharif onion per unit area is possible through
the adoption of high set yielding varieties and
judicious use of appropriate fertilizer.

Nitrogen and phosphorus are important nutrients for
crop production and are required for quantity and
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quality of sets production (Bezabih and Girmay, 2020;
Di Miceli et al., 2022; El-Sherbeny et al., 2022; Negi
et al., 2022; Tekeste et al., 2017). Nitrogen is integral
part various biological compounds including proteins,
enzymes, and vitamins in plants. Moreover, it is main
part of chlorophyll (Ata-Ul-Karim et al., 2016; Ata-Ul-
Karim et al., 2017; Louarn et al., 2021; Porcar-Castell
et al., 2021).

In onion production, efficiency of fertilizer use
reported to be low and increased losses of nutrient
leaching (Geisseler et al., 2022). Research information
regarding potential cultivars except few i.e., Phulkara
and Nasarpuri (Cheema et al., 2002) and right source
(fertilizer) of N and P for sustainable sets production is
insufficient or sporadic. In view of this, current study
was carried out to: 1) evaluate set production potential
of two commercial hybrids in comparison with cv.
Phulkara, the most suitable cv. for set production; 2)
compare impact of seed source on set production
potential of onion cv. Phulkara; 3) compare the effect
of two different sources of N-P fertilizers on set
production of onion cv. Phulkara.

2. Materials and Methods

2.1. Experimental site and Experimental details
An experiment was conducted at Vegetable
Experimental Area (31°26°’N and 73°4’E with an
altitude of 182 m), University of Agriculture
Faisalabad, Pakistan during 2019. This area has a sub-
tropical climate. Monthly averages of air temperature,
relative humidity and photoperiod as well as total
rainfall on monthly basis were computed (Fig. 1.).

A Temperature (°C)
_ & —+ RH (%)
—&— Rainfall (mm)
e —f— Photoperiod (hr)
60 L 1 50
=8
o & 1 2
0 L L L 0
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Fig. 1. Monthly averages of temperature, relative humidity, photoperiod, and total rainfall during the period of
experiment (2019), at University of Agriculture, Faisalabad, Pakistan.
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Before conducting the experiment, three random
soil samples were taken from the experimental area at
two depths (0-15 and 15-30 cm) and after combining
both to make a composite representative sample, soil
was analyzed for the initial selected physical and
chemical attributes, following Ryan et al. (2012).

Soil texture (Bouyoucos, 1951), pH (McLean,
1982), electrical conductivity (EC) (Richards, 1954),
organic matter (Nelson and Sommers, 1982), available
phosphorus (Olsen et al., 1954), available potassium
(K) (Thomas, 1982) and total nitrogen (N) (Bremner,
1996) were determined (Tablel).

Table 1. Pre-sowing soil analysis of the experimental
area (January 2019).

Physical properties

Clay (%) 24
Silt (%) 27
Sand (%) 49
Textural class Sandy loam
Chemical properties

Soil pH 8.3
EC (dSm™) 2.05
Organic matter (%) 0.85
Available N (%) 0.075
Available P (mg kg! soil) 30
Auvailable K (mg kg™! soil) 315

Seed of Phulkara was purchased from Vegetable
Research Institute, Ayyub Agricultural Research
Institute, Faisalabad, Pakistan while Phulkara from the
certified distributor of Magnus Kahl Seeds (MKS,
Pakistan) and Red Bone and TI-172 from the
distributor of California Valley Seeds.

The study consisted of two experiments viz., 1)
comparison of set production potential of two hybrids
(Red Bone and TI-172) and onion cv. Phulkara
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(MKS)and Phulkara (Govt.); 2) comparative effect of
two phosphatic fertilizers, DAP and NP, applied (at the
rate 100 g 272.25 ft?) five times through fertigation at
two-week interval on onion cultivar Phulkara. Sowing
of all experimental cultivars was carried out on Jan 28,
2019, with each cultivar sown on raised beds (length =
6.5 x width=3.5: Area=45.5 ft?). The experiment was
replicated three times. The sets were harvested on May
28, 2019.

2.2. Field and Laboratory Measurements
Chlorophyll contents in the leaves of onion
seedlings were measured using chlorophyll meter
(CCM-200plus, Opti-Sciences, USA). Set diameter
was recorded using vernier caliper (IP67, BEAPO
Hardware Industrial Company, China) while weight of
sets was taken on an electronic scale. Set formation
index was calculated from the following formula.

Bulb diameter

Set formation index = ———
f Neck diameter

2.3. Statistical analyses: The experimental data
obtained was underwent analysis of variance
(ANOVA) using analytical software, Statistix 9®
(Tallahassee, USA). The comparison between
cultivars of onion and phosphatic fertilizers, for
observed parameters was made within ANOVA.
Fisher's least significant differences (LSD) were used
following a significant (P < 0.05) F-test.

3. Results

Phulkara (MKS) produced the highest total number
of sets (1807), followed by Phulkara (Govt.) (1014)
(Table 2). While Red Bone was recorded to produce
lowest number of sets (119), statistically like those
produced byTI-172 (128) (Table 2). The number of
larger sets (1-2 cm) were highest too in Phulkara (292),
around two folds of that of Phulkara and 22 folds of
that of each hybrid (Table 2) (Fig. 2). Also, the weight
of larger sets was greatest in Phulkara (MKS) (1.63),
around seven folds of that of Phulkara (Govt.) and 34
folds of that of both experimental hybrids (Table 2).

Table 2. Number and weight of sets produced by onion cultivars.

Onion cultivars Number of sets (45.5 ft?) Weight of sets (g45.5 ft?)
Total 1-2 cm <1cm Total 1-2 cm <1cm
Phulkara (Govt.) 1014 b 118b 896 b 1117.5b 205.5b 912.0b
Phulkara (MKS) 1807 a 295 a 1512 a 2761.5a 1638.3 a 11232 a
Red Bone 119 ¢ 16 ¢ 103 ¢ 80.5¢ 19.5¢ 61.0c
TI-172 128 ¢ 13 ¢ 115¢ 713 ¢ 169 ¢ 544 ¢
LSD F (P<0.05) 32.95 5.40 30.12 38.7 17.67 24.27

Treatment means followed by the same letter are not significantly different.
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Fig. 2. Genotypic variations in a) average set weight,
b) set formation index, and c) set diameter of onion.
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Fig. 3. Comparison of fertilizer sources for

chlorophyll contents in leaves of Phulkara (Govt.).
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Fig. 5. Two different size ranges of set production observed in experimental onion cultivars

Similarly, set formation index of the Phulkara
(MKS) (3.23) was about 26.7% stronger than the
Phulkara (Govt.) (2.55), 39.2% stronger than the Red
Bone (2.32); and 52.4% stronger than theTI-172 (2.12)
(Fig. 2-b). Moreover, the cultivar Phulkara (MKS) also
had the largest set diameter (15.5 mm) (Fig. 2-c) as
well as individual (1.89 g) (Fig. 2-a) and total (2761.5g)
set weights (Table 2) than those of all experimental
cultivars. The smallest set diameter (9.8 mm),
individual (0.89 g) and total (71.3 g) set weights were

observed in TI-172 (Table 2). The application of DAP

produced the highest leaves chlorophyll contents (35.7)
in onion cv. Phulkara (Govt.), followed by those of NP

(32.3) applied seedlings and minimum (30.8) in the

control (Fig. 3). Chlorophyll contents increased by

15.9% in DAP applied plot compared to the control. It

is evident from the scatter plot (Fig. 4) that as the

fertilization rate increases, chlorophyll contents tend to

increase.
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Fig. 6. Sets of Phulkara (Govt.) in response to different nutrient sources.

The maximum total number of sets (1187.3) and
individual (1.46 g) and total (1262.0 g) set weights
were also recorded in the DAP applied plot while the
lowest number of sets (1164.6) and individual (1.33 g)
and total (1237.7 g) set weights in the untreated control
(Table 3) (Fig. 5, 6). The set diameter and set
formation index remained unaffected by the fertilizer
sources (Table 3).

4. Discussion

The results of this study demonstrated that
Phulkara (MKS) produced the highest total number
and larger sets (1-2 cm size) due to strong set formation
index. The Phulkara (MKS) was found to have about

78.2% more total number offset sand two folds
increase in larger sets than the Phulkara (Govt.). While,
the Phulkara (MKS) had an approximately 14 folds
increase in total number of sets in comparison to both
hybrids TI-172 and Red Bone. Similarly, the Phulkara
(MKS) had an 18.7% increase in individual and two
folds increase in total set weight compared to the
Phulkara (Govt.), while had a 58.3% higher individual
set weight and 34 folds higher total set weight
compared to TI-172. The results are in agreement with
the findings of Cheema et al. (2003) and Ansari (2007)
who revealed significant response of onion cultivars to
the set production. Highest set formation index in

Haider et al., 2022
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Phulkara (MKS) seedlings might be due to their ideal
photoperiod requirement for bulbing. While slightly
longer photoperiod requirement of experimental onion
hybrids might have reverted the seedlings to leaf
growth and they failed to produce a good quantity and
size of sets. Pertaining to the nutrition study, increment
in the fertilizer rate from 0 in the control to 100 g in
the DAP applied plot resulted in progressive increase
in the number and weight of sets. Though the sets
number exceeds by almost 1% in DAP applied plot
compared to the NP fertilized and 2.0% compared to
the control. The weight of sets in DAP applied plot was
1.6% greater than that of NP applied plot and 5%
greater compared to the control. Our results reflect the
findings of Nasreen et al. (2007), Ali et al. (2016) and
Tekeste et al. (2018) who observed significant increase
regarding onion bulb yield in response to N and P
fertilization. The highest yield in DAP applied plot
might be due to positive influence of the balanced
supply of N and P to the seedlings which enhanced the
synthesis of proteins, enzymes, chlorophyll contents
and carbohydrates and hence enhanced the sets
production. However, the fertilizer source had no
effect on the set size. Similar result was found by
Azam et al. (2013) who observed non-significant
difference between bulbs diameter obtained under
different nutrition regimes.

5. Conclusion

Seed quality affects sets production as indicated by
higher number of good quality sets produced from
Phulkara MKS compared to Phulkara (Govt.).
Therefore, cultivar Phulkara (MKS) has a strong
potential to produce a good yield of quality sets and is
recommended for raising kharif crop, while Phulkara
(Govt.) needs to be purified because it is losing its
characteristics. Moreover, DAP application five times
@100 g 272.25 ft? helped to improve quality of onion
sets and is recommended for onion set production on
moderately fertile soils.
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