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Abstract

Afield experiment was conducted at the Regional Research and Technology Transfer Station, Bhawanipatna, Odisha, India, to determine the
best sowing time for green onion production and quality. The study used a Randomised Block Design with five sowing dates at 15-day
intervals, from 15" June to 15% August, 2023 and replicated four times. The onion variety Bhima Dark Red performed best when sown on
15" August (Ds), during the late kharif season. This late-sown crop showed significant improvements in growth, including taller plants
(57.57 cm), more leaves per plant (7.28), longer leaves (46.38 cm), thicker leaves (0.71 cm) and superior fresh (3.49 g) and dry weight (0.36 g) of
leaves. Additionally, the late-sown green onion had better phytonutrients with higher chlorophyll content (62.24 SPAD units), reducing sugar
(2.50 %) and total sugar (2.96 %). Onion leaves had the highest potash (2.38 %) and sulfur (0.58 %) content. However, non-reducing sugars,
ascorbic acid, soluble protein, crude protein, nitrogen and phosphorus levels were lower in these leaves. Correlation studies on bioactive
components at 90 days after planting showed positive relations between chlorophyll, sugars and potash, as well as between crude protein
and nitrogen. Inverse relationships appeared between sugars and protein and between chlorophyll and ascorbic acid. Principal component
analysis indicated strong positive associations among photothermal units, growing degree days and ascorbic acid, suggesting that 15" August
was the best sowing date for maximising nutritious leaves. These results highlight the value of green onions planted on 15" August as a rich
source of phytonutrients and the importance of choosing the right sowing dates for better yield and nutrition.
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Introduction

blood sugar levels. Vitamin C and sulphur-containing chemicals
found in onions have significant anti-bacterial and anti-viral
properties that strengthen the immune system of the human body
(2). Quercetin is one of the important flavonoids found in onions and
helps to prevent high blood pressure. Allicin inhibits cholesterol

Onion (Allium cepa L), the principal Allium, is the earliest
domesticated species of the monocotyledonous family Alliaceae
and is one of the oldest cultivated genera, Allium, with chromosome
number 2n = 16. The post-pandemic era has shifted global dietary
preferences towards healthier, nutrient-rich foods. Vegetable crops,

especially alliums like onions, play a crucial role towards nutritional
security. Onions are a nutrient-dense food, serving not only as a
flavourful addition to meals but also as an excellent source of both
micro and macronutrients (1). The nutritional profile of onions
makes them a valuable contributor to overall human health,
providing numerous health benefits. It has the enzyme Allinase,
which has antifungal action. When the modified leaves of onions are
crushed, they release a volatile compound called allyl-propyl
disulfide, which has hypoglycemic properties that can help lower

production (3). A fresh onion contains almost 86.8 % moisture,
11.0 % carbohydrates, which include 6 to 9 % soluble sugars, 1.2 %
protein, 0.6 % fibre, 0.05 % calcium, 0.05 % phosphorus and trace
amounts of iron (Fe), alumininium (Al), copper (Cu), Zinc (Zn),
Manganese (Mn) and lodine (1). For centuries, this versatile crop has
been integral to human health and wellness, serving as both a
culinary staple and a valued component of traditional medicine and
cosmetics.

The onion plant, including its bulbs, pseudostems, green
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leaves and young bulbs, is a culinary and medicinal treasure trove.
These various components offer unique flavours, textures and a
wealth of nutrients, boasting an impressive profile rich in ascorbic
acid, dietary fibre, antioxidants and a diverse array of
phytochemicals, such as phenolic acids, flavonoids, anthocyanins
and organosulfur compounds. For centuries, onions have played a
dual role in traditional medicine and cuisine, offering a potent
immune-boosting effect that has been valued for its ability to
enhance human health and resilience (4). These secondary
metabolites have been demonstrated to possess antioxidant, anti-
inflammatory and antimicrobial properties, offering numerous
health benefits (5). As a result, incorporating Allium vegetables into a
balanced diet can significantly enhance overall health and well-
being, reduce the risk of chronic diseases and promote optimal
health outcomes (2, 6).

Green onions are a nutrient-dense food, offering a wealth of
essential vitamins and minerals while being low in calories and fat
(7). They are rich in vitamins A, C and K, as well as various vitamins B
complex and provide a range of vital minerals such as calcium,
potassium and iron (8, 9). Beyond their fundamental nutrients, green
onions contain potent bioactive compounds, including flavonoids,
sulfur-containing compounds and phenolic compounds, which
exhibit strong antioxidant properties (10, 11). These compounds
help protect against chronic diseases by neutralising harmful free
radicals and supporting cellular integrity. Green onions also offer anti
-inflammatory benefits and have shown potential anti-cancer
properties (12). In addition to their nutritional benefits, green onions
are a versatile ingredient in many cuisines. Their mild, sweet flavour
and crunchy texture make them a great addition to salads, soups,
stir-fries and more. The white portion is more pungent and benefits
from cooking, while the green tops are milder and ideal for raw
applications (13). Green onions are also remarkably accessible, both
through commercial cultivation and home growth. They can be
easily cultivated at home, even from discarded root ends, making
them an excellent entry point for sustainable home food production.
Their widespread availability in grocery stores and markets ensures
that their nutritional and culinary benefits are attainable for a vast
global population. Overall, green onions are a valuable addition to
diverse diets and cultures worldwide, providing a boost of nutrients,
flavour and health benefits (13, 14). Their adaptability, nutritional
value and culinary significance make them a fundamental ingredient
in many cuisines. Consequently, this ancient crop continues to
captivate researchers, driving ongoing investigations into its vast
potential benefits and applications and solidifying its position as a
crop of enduring significance.

Research on onions and green onions shows there are gaps
in understanding how their various phytochemicals affect health.
One important area that needs more research is how these
phytochemicals vary across different parts of the plant and under
different growing conditions. Specifically, it should be well known
that the concentration of key nutrients like chlorophyll, Vitamin C,
protein, sugar and organosulfur compounds in the green leaves of
onions changes based on different sowing dates and growing
environments. Knowing this variation is important for making the
best use of the nutritious leaves in cooking and medicine.

Materials and Methods
Experimental site

The field experiment was conducted at the Regional Research and
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Technology Transfer Station, Bhawanipatna, Kalahandi, in the
Western undulating zone of Odisha, operating under Odisha
University of Agriculture & Technology. The study was carried out in
a unique topographical and ecological diversity, situated at 19°92’ N
latitude and 83°15’ E longjtude and 245 m above mean sea level. The
experimental site is marked by a harsh climate characterised by
extreme heat and aridity, except for the monsoon season.
Temperature fluctuations at the experimental site varied between
9.9 °C and 41.7 °C, while relative humidity ranged from 17.0 % to
93.5 %. The agroclimatic zone experiences a distinct rainy season,
commencing mid-June and continuing up to mid-October. During
this period, approximately 80.0 % of the annual mean rainfall occurs
due to the movement of the southwest monsoon. The average
annual rainfall during the experimentation year 2023 was
1364.2 mm, slightly more (2.5 %) than the normal rainfall for the
zone (1330.5 mm). The soil at the experimental site was slightly
alkaline (pH 7.85) and had a sandy clay loam texture. The
experiment was conducted during the late Kharif season 0f2023-24.

Meteorological observations

To understand the impact of weather on onion production during
the 2023-24 growing season, weekly meteorological data were
collected from the Gramina Krishi Mausam Seva (GKMS) operating
at the RRTTS, Bhawanipatna. This data, encompassing parameters
such as rainfall, temperature (°C), rainy days and bright sunshine
hours, is graphically represented in Fig.1. The Growing Degree days
(GDD), Photothermal units (PTU) and Heliothermal units (HTU) for
various sowing dates were calculated using a base temperature (Tb)
of10°C.

Tmax+ Tmin _
GDD =¥ ( 2 ) Ty (Egn.1)
Since the crop was cultivated during the late Kharif season, the base

temperature was setat 10 °C.
Growing degree days (GDD)

The cumulative growing degree days (GDD) units were determined
by summing the daily mean temperatures that exceeded the base
temperature as mentioned in Equation 1. These values are
expressed in degree-days (°C Day) (15).

PTU = Y(GDD x Day length) (Egn.2)
Where T is the daily maximum temperature, Trin is the
daily minimum temperature and Ty, is the base temperature (10 °C).

The photothermal units

The Photothermal Units (PTU) for each day were calculated
following equation 2, which multiplies the heat units by the h of
maximum sunshine in a day, measured in °C Day h. The cumulative
PTU for specific phenophases were then determined using the given
equation, reflecting the combined effects of temperature and day
length.

HTU = Z[GDD X Sunshine Hours) (Eqn.3)

Heliothermal units (HTU)

The Heliothermal Units (HTU) for a day are obtained by taking the
product of heat units and the bright sunshine hour for that day and
are expressed in °C Day h. To calculate the total HTU for
phenophases, the equation in Equation 3 was used, capturing the
combined impact of temperature and sunshine duration.
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Fig. 1. Meteorological parameters recorded at the RRTTS, Bhawanipatna, throughout the experimentation period.

Treatment details and experimental design

The experiment was laid out in a randomised block design (RBD)
with four replications and the treatment consists of five different
sowing dates, viz. 15" June 2023 (Dy), 30" June 2023 (D), 15" July
2023 (D), 30" July 2023 (Ds) and 15" August 2023 (Ds). Raising
seedlings and transplanting them during the Kharif and late Kharif
seasons (during the above-mentioned months) are quite
challenging due to heavy rainfall. This requires careful nursery
management to ensure proper development of the seedlings,
enabling them to withstand adverse climatic conditions. In this
condition, it’s better to transplant vigorous seedlings. Hence, eight-
week-old vigorous seedlings were transplanted in a sizeable plot of
6 m2 An ideal plant spacing of 15 cm between rows and 10 cm within
rows was adopted to accommodate 400 plants in plot™
Furthermore, the ICAR-Directorate of Onion and Garlic Research
recommends the onion variety Bhima dark Red for Kharif cultivation
in Odisha and other similar states. Standardised cultivation practices
were strictly adhered to promote healthy crop growth and
development of the onion crop.

Crop husbandry

An overhead-protected nursery was established using green shed
netting to shield onion seedlings from heavy rainfall. The soil was
pulverised and sterilised with a 40 % formaldehyde solution, then
covered with a polyethene sheet for seven days. Raised beds (1.0 m

wide, 3.0 m long, 15 cm high) were prepared, incorporating 5 kg n?
of well-decomposed farmyard manure (FYM) and marking lines for
sowing. Seeds were treated with Carbendazim and Mancozeb, sown
in lines, covered with sieved FYM and mulched with paddy straw to
ensure moisture and protection, achieving 100 % germination. After
germination, unwanted plants were removed and fungicides were
applied to prevent damping-off. Seedlings were nourished with a
water-soluble N:P:Kfertiliser.

Meanwhile, the field was prepared using a cultivator and
rotavator to achieve fine tilth and make the field free from weeds and
residues. It was converted into 20 plots (6 m? each) using the Broad-
bed & furrow (BBF) method for better drainage facilities. 15 t of FYM
per hectare were added and a nutrient mix of NPKS (150:60:80:30)
was applied, with the nitrogen split into three doses. Eight-week-old
onion seedlings were treated with a fungicide slurry and
transplanted with 15 cm spacing between rows and 10 cm between
plants from 15" August to 15" October 2023. Light irrigation was
applied immediately after planting to facilitate better plant
establishment, followed by irrigation based on soil moisture. Regular
intercultural practices like hoeing, weeding and top dressing were
conducted. Insecticides like Thiamethoxam 25WG at 0.02 g L* and
fungicides, i.e. Carbendazim 12 % + Mancozeb 63 % at 2 g L* were
alternately sprayed to manage fungal infections as well as thrips
infestation.
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Morphological and biochemical parameters

Observations on morpho-physiological traits such as plant mortality
(%), survivability (%), height (cm), leaves plant?, collar thickness
(cm), leaf length (cm), diameter (cm), fresh weight (g) and dry weight
(g) were recorded at 30, 60 and 90 days after transplanting (DAT).
Quality metrics like chlorophyll content (SPAD), reducing sugar (%),
non-reducing sugar (%), total sugar (%), ascorbic acid (%), protein
(%), crude protein (%), N, P, Kand S percentages were assessed at 90
DAT. Yield parameters included shoot fresh weight (q ha?).
Survivability and mortality were calculated by dividing the number
of harvested. To ensure accuracy, ten random plants from each plot
were selected for measurements, excluding border plants. Data for
biochemical analysis were collected from ten onion leaves in the
experimental plots and analysed in the departmental laboratories of
the Department of Fruit Science, the Department of Plant Physiology
and the Department of Soil Science.

Statistical analysis

ANOVA for different vegetative growth, quality and yield parameters
were analysed using Microsoft Excel (Windows 11). Treatment
means were compared using the critical difference test at a 5 %
significance level (16). The significance of treatment effects on onion
plant growth, yield and quality was assessed via F-test (17), with
degrees of freedom (df), mean square (MS) and F-values reported.
Correlation studies of different biochemical components with green
leaf and agrometeorological parameters were carried out using the
software PAST 5.2.2 and principal component analysis was carried
out using the online software, Grape.

Results
Effect of sowing dates on onion plant survivability

The ratio of plant mortality to survivability in open-field conditions
significantly influences crop production outcomes. Table 1 revealed

that sowing dates significantly influenced onion plant mortality and
survivability. Mortality rates varied from 14.15 % to 38.81 %, while
survivability rates ranged from 61.19 % to 85.50 %. Specifically, the
early sown crop (15" June, Dy) resulted in the highest mortality
(38.81 %) and lowest survivability (61.19 %), whereas the late sown
crop (15% August, Ds) achieved the lowest mortality (14.15 %) and
highest survivability (85.50 %). A higher percentage of plant
survivability leads to increased biomass accumulation, greater crop
yield and ultimately enhanced economic returns.

Effect of sowing dates on vegetative growth of onion plants

The present study revealed that onion plants consistently increased
in height from 30 to 90 days after planting, irrespective of the
variations in different sowing and planting times. The onion plants
exhibited an optimum range of heights, varying from 24.0 cm to
241 cm at 30 days after planting, with no significant variations
observed among different sowing dates. However, significant
variations in plant height were evident at 60 and 90 days after
planting, with a range of plant height of 46.3 cm to 51.7cm and
53.4 cm to 57.6 cm, respectively. The results showed a significant
effect of sowing dates on leaf production. The maximum number of
leaves plant* was recorded for the 15" August (Ds) sowing date, with
means of 4.35, 6.18 and 7.28 leaves plant® at 30, 60 and 90 DAP,
respectively. These values were statistically at par with those
obtained for the 30" July (Ds) sowing date. In contrast, the minimum
number of leaves plant* was observed for the 30" June (D,) sowing
date, with a mean of 3.90 leaves plant* at 30 DAP. Similarly, at 60 and
90 DAP, the minimum number of leaves plant? of 5.65 and 6.38 were
recorded for the 15" July (Ds) and 15 June (D) sowing dates,
respectively. The results revealed a significant impact of sowing
dates on collar thickness. Interestingly, the early-sown crop
(15" June, Dy) exhibited the highest collar thickness (1.79 cm), which
was considered an undesirable trait. In contrast, the late-sown crop
(30% July, Ds) produced a more desirable collar thickness (0.97 cm),
which was statistically at par with (15" August, D°), i.e. .01 cm.

Table 1. Effect of different sowing dates on percentage plant establishment and vegetative growth of green onion in the late Kharif season

Plant Plant Plant height (cm) Leaves plant™ Collar thickness (cm)
Sowing dates mortality  survivability
(%) (%) 30DAP 60DAP 90DAP 30DAP G60DAP 90DAP 30DAP 60DAP 90DAP
D:-15% June 38.81 61.19 24.00 46.35 53.41 4.05 6.13 6.38 0.43 1.08 1.79
D,-30%" June 34.63 65.38 23.22 47.75 54.21 3.90 5.68 6.55 0.44 0.98 1.06
D;-15% July 31.19 68.81 24.56 47.06 54.46 4.33 5.65 6.83 0.42 1.01 1.05
D4-30% July 24.63 75.38 24.52 50.22 55.72 4.33 6.15 6.93 0.39 0.95 0.97
Ds-15% August 14.15 85.50 24.11 51.72 57.57 4.35 6.18 7.28 0.38 0.92 1.01
Mean 28.75 71.25 24,08 48.62 55.08 4.19 5.96 6.79 0.41 0.99 1.04
SE(m)+ 3.40 3.40 1.30 1.23 0.78 0.11 0.10 0.19 0.01 0.03 0.03
CD (p =0.05) 10.48 10.48 NS 3.80 2.40 0.34 0.30 0.59 0.04 0.10 0.10
cv 23.65 9.54 10.77 5.08 2.83 5.22 3.26 5.63 5.86 6.87 6.14
Table 2. Effect of different sowing dates on leaf morphology of green onion in the late Kharif season
Sowing dates Leaf length (cm) Leaf diameter (cm) Leaf fresh weight (g) Leaf dry weight (g)
30DAP 60DAP 90DAP 30DAP 60DAP 90DAP 30DAP G60DAP 90DAP 30DAP 60DAP 90DAP

D;-15' June 34.17 36.13 41.50 0.45 0.62 0.64 1.48 2.38 2.54 0.12 0.25 0.30
D,-30% June 36.44 38.33 45.51 0.50 0.67 0.70 1.98 2.72 3.10 0.16 0.26 0.33
D;-15% July 36.23 40.93 43.93 0.49 0.61 0.69 1.83 2.89 3.25 0.17 0.27 0.34
D4-30t July 36.62 42.28 44.65 0.47 0.65 0.72 1.86 2.96 3.29 0.17 0.30 0.36
Ds-15' August 38.63 42.48 46.38 0.61 0.68 0.71 2.05 3.05 3.49 0.20 0.30 0.36
Mean 36.42 40.03 44.39 0.50 0.67 0.68 1.84 2.80 3.13 0.16 0.27 0.34
SE(m)+ 0.83 1.45 0.88 0.03 0.02 0.01 0.12 0.09 0.13 0.01 0.01 0.01
CD(p =0.05) 2.55 4.47 2.70 0.11 0.05 0.03 0.36 0.29 0.41 0.04 0.04 0.03
cv 4.55 7.26 3.94 13.53 4.66 3.23 12.78 6.67 8.41 17.54 8.67 6.60
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Effect of sowing dates on leaf morphology

The present study revealed (Table 2) significant variations in the leaf
morphology of onion plants. Leaf length, a key morphological trait,
exhibited substantial variations during the different plant growth
stages. Onion plant growth showed a progressive increase with
advancing growth stages. Leaf length increased from
34.77 cm-38.63 cm (avg. 36.42 cm) at 30 DAP to 36.13 cm-42.48 cm
(avg. 40.03 cm) at 60 DAP and 41.50 cm-46.38 cm (avg. 44.39 cm) at
90 DAP. Leaf diameter also increased significantly, from
0.45 cm-0.61 cm (avg. 0.50 cm) at 30 DAP to 0.62 cm-0.68 cm (avg,
0.67 cm) at 60 DAP and 0.64 cm-0.71 cm (avg, 0.68 cm) at 90 DAP.
Simultaneously, both the leaf fresh weight and dry weight of onion
plants exhibited significant variations among plants grown from
different sowing dates. Initially, leaf fresh weight ranged from 1.48 g
to 2.05 g. As the plants matured, leaf fresh weights increased to
238-305 g at 60 days after planting (DAP) and further to
2.45-3.49 g at 90 DAP. Similarly, leaf dry weight varied significantly
due to sowing date, initially ranging from 0.12-020 g and
subsequently increasing to 0.25-0.30 g at both 60 and 90 DAP,
respectively.

Effect of sowing dates on leaf quality

The present study revealed that sowing and planting dates
significantly impacted leaf quality in onion plants (Table 3). The
chlorophyll content of green onions was significantly affected by
different sowing dates. Overall, the chlorophyll content ranged from
58.97 to 62.24 SPAD, with a mean SPAD value of 60.71. At 90 days
after planting, the highest chlorophyll content was recorded in
plants sown on 15" August (Ds), with a SPAD value of 62.24, which
was statistically at par with those sown on 15% July (Ds) and 30" July
(D4), with SPAD values of 60.66 and 61.46, respectively. In contrast,
the lowest chlorophyll content was observed in plants sown on 15%
June (D), with a SPAD value of 58.97.

The sugar content of green onion plants varied significantly
depending on the sowing date. Plants sown on 30" July (Ds) had the
highest total sugar content (2.97 %). In contrast, plants sown on 15"
August (Ds) had the highest Reducing Sugar content (2.50 %) and the
lowest non-reducing sugar content (0.43 %). Conversely, the early-
sown crop (15 June, D1) had the lowest Total Sugar (2.56 %) and
Reducing Sugar (1.85 %) content and the highest non-reducing
sugar content (0.73 %).

The Ascorbic acid content of green onions varied from 20.82
to 2519 mg 100 mL?, with an average ascorbic acid of
2261 mg 100 mL™. Optimum ascorbic acid content of
25.19 mg 100 g' was significantly recorded on 15" June (D),
however, a minimum of 20.82 mgl00 g' was observed on 15"
August (Ds) sown onion plants. Ascorbic acid, an essential
antioxidant, remained relatively constant across sowing dates
except for 15" June, where it was highest. While early planting
generally had higher ascorbic acid levels, late-planted onions
benefited from higher chlorophyll content, potentially enhancing
photosynthesis and overall plant growth.

The onion plant grown from different sowing dates had a
significant effect on protein (%) but a negligible impact on crude
protein (%), nitrogen (%), phosphorus (%), potash (%) and sulphur
(%) content of green onions at 90 DAP (Table 3). At 90 DAP, protein
content ranged from 3.85 % to 5.40 %, with an average protein
content of 4.33 %. Crude protein content ranged from 0.89 % to
1.09 %, with an average protein content of 0.98 %. Interestingly, the
earliest sowing date (15" June, Ds) recorded the highest protein and
crude protein content, while the (30" June, D,) sowing date recorded
the lowest values. Nitrogen content ranged from 0.14 % to 0.17 %,
with an average of 0.16 %. Phosphorus content ranged from 0.47 %
to 0.51 %, with a mean value of 0.49 %. Potassium content ranged
from 1.99 % to 2.38 %, with an average of 2.15 %. Sulphur content
ranged from 0.26 % to 0.41 %, averaging 0.41 %. These results
indicated a negligible impact of sowing dates on the leaf nutrient
contents of green onions.

Effect of GDD, HUT and PUT on plant growth

Table 4 presents a comparative analysis of varying sowing dates on
the phenological development and thermal indices of the onion
plants. The five sowing dates ranged from 15" June (D) to 15%
August (Ds), resulting in crop growing periods terminating between
early December and late January. Notably, the earliest sowing (Dy)
exhibited the longest duration of the growth cycle, extending from
15" June to 5" December. A progressive delay in sowing led to a
temporal shift in the maturity period towards January; however, it
was accompanied by a concomitant reduction in the total number
of effective growing days. The accumulated growing degree days
(GDD), a critical metric for quantifying heat accumulation essential
for plant development, demonstrated a declining trend with

Table 3. Effect of different sowing dates on bioactive components of green onion late Kharif season

. Non- Total Ascorbic  Soluble Crude Shoot fresh

Sowing dates Chlor(t)phly u Reduch reducing sugar acid protein protein N (%) Pg/°)5 I((O;O S(%)  weight

content  sugar(%) gugar(%) (%) (mglo0mLl) (%) (%) %) (%) (q ha!)
D;-15% June 58.97 1.85 0.73 2.56 25.19 5.40 1.09 0.17 0.49 1.99 040 23.61b
D,-30%" June 60.23 2.07 0.56 2.70 22.94 4.10 1.04 0.17 051 212 0.44 27.57b
D;-15% July 60.66 2.15 0.65 2.85 22.08 3.90 0.96 0.15 0.51 2.11 0.26 36.17a
D230t July 61.46 2.35 0.58 2.97 22.02 3.85 0.89 0.14 0.49 215 0.39 36.58a
Ds-15% August 62.24 2.50 0.43 2.96 20.82 4.40 0.91 0.15 0.47 2.38 0.58 39.42a
Mean 60.71 2.18 0.59 2.81 22.61 4.33 0.98 0.16 0.49 2.15 0.41 32.67
SE(m)+ 0.64 0.07 0.05 0.08 0.49 0.12 0.07 0.01 0.06 0.11 0.07 3.72
CD (p =0.05) 1.97 0.21 0.15 0.26 1.51 0.38 NS NS NS NS NS 11.46
cv 2.11 6.21 16.53 5.96 4.33 5.65 13.62 13.62 26.11 10.66 35.85 22,77

Table 4. Growing degree days (GDD), heliothermic units (HTU) and photothermal units (PTU) of green onions in the late Kharif season

Sowing dates Crop growing period GDD (°C days) HTU (°C days) PTU (°C days)
D:-15% June 15% June to 5" Dec 2796 8715 36915
D,-30%" June 30t June to 18t Dec 2662 8630 34343
D;-15% July 15 Jul to 25" Dec 2452 8093 31242
D30 July 30t Jul to 6% Jan 2318 8344 28870
Ds-15% August 15% Aug to 29" Jan 2324 8812 27433
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delayed sowing, ranging from a maximum of 2796 for D, to a
minimum of 2318 to 2324 for the late sowing dates (Ds and Ds).

This indicated a diminished thermal resource availability as
the sowing period was postponed. Heliothermal units (HTU), which
integrate GDD with actual sunshine h, peaked at 8812 for the Ds
sowing, suggesting a higher incidence of solar radiation during the
later stages of crop growth despite the lower GDD accumulation.
Conversely, the D; sowing recorded the lowest HTU value (8093),
highlighting variability in the interplay between heat accumulation
and sunshine duration across different sowing times. Photothermal
Units (PTU), which account for both GDD and day length, exhibited a
consistent decrease from 36915 for D, to 27433 for Ds. This decline
underscores the reduced effectiveness of day length in contributing
to crop development under progressively delayed sowing regimes.

While early sowing (D1) benefits from higher cumulative
Growing degree days (GDD) and Photothermal units (PTU), typically
associated with enhanced developmental rates and yield potential
in many crops, the presented data indicate a contrasting trend for
onion in this specific agro-climatic zone. Despite lower accumulated
thermal units in later sowing dates, the study demonstrably reveals
superior vegetative growth in onions sown on 30" July (D4) and 15"
August (Ds). The green onion experiment under Odisha conditions
revealed that sowing on 15" August during the late Kharif season
maximises yield components and phytonutrients. These findings
can be applied to other tropical and subtropical regions by
understanding the involved environmental factors. Key to the results
is timing the crop growth stages with optimal weather conditions,
particularly temperature and photoperiod, as indicated by
correlations with PTU and GDD. The late-sown crop likely
experienced cooler temperatures during its critical growth phase,
promoting healthier leaf development. To translate these insights,
growers in other tropical areas should find a sowing window that
reflects the favourable combination of temperature, light and
moisture, ideally 60 to 90 days before the coolest, driest period of the
crop growth. This ensures that the vegetative phase benefits from
residual soil moisture and moderate temperatures. As climate shifts
may alter traditional sowing times, farmers should focus on
maximising PTU and GDD rather than adhering to a strict schedule
date, enhancing the adaptability of the Odisha findings.

Discussion

The observed superior performance of the late-sown onion crop, i.e.
15" August, compared to the early-sown crop, i.e. 15" June, was
strongly supported by basic physiological and metabolic
mechanisms that are activated by the more moderate environmental
conditions prevalent during the later growth period.

Effect of sowing dates on onion plant survivability

The variation in onion plant mortality and survivability might be due
to the prevailing weather conditions during the early vegetative
growth stage. As an onion is a cool-season crop, it thrives in relatively
low night temperatures. The temperatures recorded during the early
sowing date of 15" June (Dy), with a maximum of 41.70 °C and a
minimum of 26.10 °C, likely created unfavourable conditions for
plant survival. In contrast, delayed sowing time, i.e. 15% August (Ds),
allowed plants to avoid the most extreme temperatures, with a
more moderate temperature range of 32.6 °C to 24.8 °C, thereby
facilitating improved adaptation and reduced mortality. Researchers
previously studied the survival and mortality rates of kharif onions in
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different agroecological conditions of Odisha. They found that onion
seedlings in early-planted crops deceased due to harsh
environmental conditions in open fields (18, 19).

Effect of sowing dates on vegetative growth of onion plants

During the early growth stage (30 DAP), onion seedlings exhibited
non-significant variations in plant height across different sowing
dates. This was attributed to the developing root system, which
limited nutrient acquisition, resulting in suboptimal growth. The
seedlings at the nascent stage restricted morphological
differentiation, making them less responsive to planting time-
induced variations. Consequently, growth disparities were not
prominent and phenotypic variations were not significantly
expressed during this phase. Nutrient uptake constraints hinder
overall seedling development. In the later stage, i.e. 60 DAP and
90 DAP, significant variations in plant height across different sowing
dates were observed. This might be attributed to the optimal
availability of nutrients, air, water and photoperiodism and its
efficient utilisation by the plants. The favourable climatic conditions
allowed individual plants to exploit these environmental resources
more effectively, resulting in superior growth and development as
compared to other planting dates. Research has demonstrated
similar results in onions (20-23).

The study indicated that late-sown onion crops, i.e. 15"
August, produced a higher number of leaves compared to early-
sown crops. The increased leaf production in late-sown onion crops
can be attributed to their rapid adaptation to favourable
environmental conditions, including optimal temperature, humidity
and rainfall, typically prevalent in open-field conditions. Additionally,
delayed sowing dates allowed for enhanced physiological
processes, including cell division and optimal photosynthesis, which
collectively facilitated the production of additional leaves. Research
has demonstrated similar results in onions (24-28).

Collar thickness is a crucial indicator of onion plant growth
and bulb maturity. These findings suggested that late-sown onion
crops may exhibit enhanced growth and development due to their
greater adaptability to prevailing environmental conditions, viz.
temperature, humidity and rainfall, which were often more
favourable during later planting seasons, i.e. 15" August in open field
environments. In this study, it was observed that the temperature
during the peak vegetative growth stages ranged from 9.9 °C to
32.4 °C. Relative humidity varied from a minimum of 17.00 % to a
maximum of 79.30 %, with a maximum rainfall of 51.8 mm and a
maximum of 8 hr of bright sunshine. The average temperature
observed at various sowing dates exhibited a decline from 33.9°Con
15" June to 27.8 °C on 15" August. Concurrently, the average relative
humidity increased from 48.0 % to 82.7 %. This trend of decreasing
temperature alongside increasing humidity persisted for an
additional 30, 60 and 90 days following the earliest sowing date, i.e.
15" June. For crops sown on 15 July, a reduction in temperature
was noted, accompanied by fluctuations in humidity observed at 90
days after sowing. In contrast, crops sown on 15" August
experienced declines in both temperature and humidity at 60 and 90
days after sowing. This data indicates a decrease in temperature
from early-sown to late-sown crops, whereas relative humidity
exhibited variability. Nonetheless, both temperature and humidity
increased towards the end of the growing period, thereby creating
favourable conditions for the cultivation of onion plants. These
favourable environmental conditions may have contributed to the
observed better vegetative growth in the late-sown onion plants, i.e.
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15% August. Onion plants sown early (15" June) faced very high and
low temperatures, between 41.7 °C and 26.1 °C. This extreme heat is
harmful to a cool-season crop. It likely caused damage to cell
membranes, altered proteins and blocked important enzyme
functions. As a result, the plants experienced high death rates and
poor early growth. In contrast, the later-sown plants (Ds) grew in
more moderate temperatures of 32.6 °C to 24.8 °C and later 9.9°C to
324 °C. These better conditions helped protect their cells and
allowed enzymes to work properly, supporting better respiration
and nutrient uptake. This was crucial for a strong root system and
healthier growth. Research has demonstrated similar results in
onions (20—23).

Effect of sowing dates on leaf morphology

The present study revealed that sowing dates significantly impacted
leaf morphology in onion plants. This phenomenon can be
attributed to the varying exposure to bright sunshine hour (BSH)
during critical growth stages. Early-sown crops (15 June) were
initially exposed to limited BSH (0.1 h—27 h), hindering
photosynthesis. In contrast, late-sown and subsequently late-
planted onion crops (15" August) received optimal BSH (5.1 h—8.0
h), enhancing photosynthate production, cell division and leaf
expansion. The favourable environmental conditions during this
period likely boosted photosynthesis rates, leading to improved leaf
development with an optimum leaf length, leaf diameter, leaf fresh
weight and leaf dry weight of 46.38 cm, 0.71 cm, 349 gand 0.36 g,
respectively, resulting maximum of 7.28 leaves plant™. Research has
demonstrated similar results in onions (29—32).

Effect of sowing dates on leaf quality

Chlorophyll content is crucial for plant growth and development, as
it stimulates photosynthesis, enhances energy production and
boosts stress tolerance and nutrient uptake. This, in turn, leads to
increased crop vyield and quality. Notably, late-sown crops benefit
from increased Bright Sunshine Hour (BSH), which amplify
photosynthesis, ultimately promoting healthier plant growth and
higher yields (23). The harmonious interaction between chlorophyll,
ascorbic acid and sugars plays a vital role in promoting plant growth,
development and stress resilience. Chlorophyll's enhancement of
photosynthesis boosts sugar production, while ascorbic acid
safeguards cellular components against oxidative damage. Sugars,
in turn, provide the necessary energy for repair and growth.
Environmental factors, such as light intensity and nutrient
availability, can influence the effects of these compounds. The
synergistic relationship between chlorophyll, ascorbic acid and
sugars in green onion may be a key contributor to the enhanced

development and performance of onion plants (Table 5). Research
has demonstrated similar results in onions (33—35).

Nutrient content of onion leaf findings suggested that while
leaf protein content may be influenced by planting time, the overall
nutrient composition of green onions remains relatively consistent
across different sowing dates. The synergistic interaction of proteins,
nitrogen, phosphorus, potassium and sulphur significantly
influences onion leaf growth, development and vigour. Although the
nutrient content in this experiment was not significantly affected by
the sowing dates, these nutrients play a crucial role in plant
metabolism. Proteins, essential for cellular structures and
photosynthesis, might be the primary driver of this metabolic
influence, supported by the synergistic effects of nitrogen,
phosphorus, potassium and sulphur. Balanced levels of these
nutrients remain essential for optimal onion growth and yield.

Effect of GDD, HUT and PUT on plant growth

This superficially counterintuitive finding underscores the critical
influence of temperature during the early vegetative growth stage
for this cool-season crop. The high temperatures prevalent during
the early sowing period (15" June), characterised by a maximum of
41.70 °C and a minimum of 26.10 °C, likely induced significant stress,
leading to higher mortality and compromised early development, as
evidenced by the lower survivability rates (36, 37). Conversely,
delayed sowing, i.e. 15" August, allowed the onion seedlings to
establish during a period of more moderate temperatures, as seen
with the 15" August sowing experiencing a range of 32.6 °C t0 24.8 °C.
This thermal regime proved more conducive to plant adaptation,
resulting in reduced mortality and enhanced vegetative parameters
such as plant height and leaf production. Therefore, in this specific
environment, the avoidance of early-season heat stress through
delayed sowing appears to compensate for the potential benefits of
higher cumulative thermal units, ultimately encouraging better
vegetative growth and development in onion plants (15).

Relationship between onion leaf bioactive components and
environmental factors

Fig. 2 illustrates the Pearson correlation coefficients that quantify the
linear relationships between various bioactive components in green
onions at 90 days after planting and key environmental factors.
These correlations highlight the influence of cumulative climatic
conditions on the accumulation of these vital compounds and their
potential impact on shoot fresh weight. The red ovals indicated a
negative correlation between the bioactive components and the
related environmental factors. In contrast, the blue ovals indicated a

Table 5. Contribution of various biochemical variables in green onion leaves to the major principal components and their relationship

Variables PC1 PC2 PC3 PC4

Chlorophyll content -0.994 0.09 0.065 -0.005
Reducing sugar -0.991 0.128 0.01 -0.038
Non-reducing sugar 0.816 -0.442 -0.373 0.023
Total sugar -0.98 -0.174 -0.071 -0.063
Ascorbic acid content (mg 100 mL™) 0.962 0.057 -0.23 -0.135
Soluble protein 0.656 0.593 -0.434 0.171
Crude protein 0.963 0.193 0.158 0.103
Nitrogen 0.843 0.378 0.371 0.098
Phosphorus 0.468 -0.72 0.512 -0.002
Potash -0.873 0.423 0.163 0.18

Sulphur -0.36 0.917 0.124 -0.119
Shoot fresh weight (q ha™) -0.964 -0.173 -0.086 0.18

Growing degree days 0.976 0.175 0.124 0.03

Heliothermal units 0.132 0.985 0.064 -0.089
Photothermal units 0.996 0.027 0.086 -0.016
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positive relationship between these bioactive components and
environmental factors. The intensity of the colour and the size of the
ellipse suggested the strength of the correlations. Values near +1
indicated very strong correlations, while values close to 0 indicated
weak or no relationship between the bioactive components and
environmental factors. The data presented in Fig. 2 demonstrates
significant positive linear correlations between leaf chlorophyll
content and leaf reducing sugar (r = 1.00), leaf total sugar content
(r=0.95) and leaf potash content (r=0.92) in green onions at 90 days
after planting. These strong associations suggested a potential
physiological interaction wherein enhanced photosynthetic
pigment development is linked to increased accumulation of
carbohydrates and potassium within the leaf tissue. Consistent with
established nutritional principles, a strong positive correlation
(r=0.95) was observed between crude protein and nitrogen content
in green onions, underscoring nitrogen's critical role as a primary
constituent of plant crude proteins. As anticipated, a near-perfect
positive correlation (r = 0.99) was noted between growing degree
days (GDD) and Photothermal Units (PTU). This high degree of
collinearity is attributable to the fact that both indices are
fundamentally derived from the cumulative effects of temperature
and solar radiation, respectively, throughout the plant's
developmental period.

Aninverse relationship (r=-1.00) was observed between the
total sugar and crude protein content of the green onions,
suggesting a potential trade-off or competitive allocation of
resources between carbohydrate and protein  synthesis.
Furthermore, chlorophyll content exhibited a strong negative
correlation (r=-0.97) with ascorbic acid content. Similarly, a negative
association was found between total sugar content and
photothermal units, indicating that increased cumulative heat
accumulation during the growing period may be associated with
reduced sugar levels in the green onions. Significant inverse
metabolic relationships in plants indicate resource trade-offs. A

strong negative correlation between total sugar and crude protein
suggests competitive resource allocation, where protein synthesis
may limit carbohydrate accumulation. Similarly, chlorophyll content
negatively correlated with ascorbic acid, implying that higher
chlorophyll might coincide with lower antioxidant levels, possibly
due to a hermetic response under mild stress. Furthermore,
increased photothermal units negatively correlated with sugar
content, suggesting heat stress impairs carbohydrate synthesis or
storage. Collectively, these findings support resource reallocation,
where investment in one metabolic pathway (e.g. protein or
chlorophyll synthesis) may occur at the expense of others,
particularly under environmental stress (38).

The inverse relationship between total sugar and crude
protein (r = -1.00) indicates a competitive resource allocation in
onion plants. Under favourable conditions for growth and sugar
accumulation, such as later sowing, the plant prioritises
carbohydrate synthesis over protein synthesis, especially during
stress. The strong negative correlation between chlorophyll and
ascorbic acid (r=-0.97) suggests that fewer resources are allocated to
antioxidant production under optimal conditions, reflecting a shift
towards primary production over defence. Carbon (C) and nitrogen
(N) are important elements that help microorganisms and plants
grow and thrive. They play key roles in many biological processes
necessary for life and in improving agricultural productivity. Cand N
are the main components of plant metabolism, affecting the health
and yield of crops as well as individual growth and development (39).
The better performance observed in the 15" August sowing
highlights that avoiding early-season heat stress is more critical for
plant efficiency than merely accumulating thermal units. This
demonstrates how temperature-induced stress can severely limit
onion physiological potential. The sugar-protein relationship is
driven by the carbon-nitrogen balance; as sugars accumulate due to
reduced nitrogen uptake or stress, protein synthesis declines.
Conversely, with adequate nitrogen and active growth, protein levels
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Fig. 2. Relationship between green onion bioactive components and environmental factors.

CC- Chlorophyll content, RS (%)- Reducing sugar, NRS (%)- Non-reducing sugar, TS (%)- Total Sugar, AA (mg 100 mL")- Ascorbic acid content,
SP (%)- Soluble protein content, CP (%)- Crude protein content, N (%)- Nitrogen content, P20s (%)- Phosphorus Content, K.0 (%)- Potash
content and S (%)- Sulphur content of onion leaves at 90 days after planting, SFW (q ha)- Shoot Fresh Weight (q ha), GDD- Growing degree
days (°C days), HTU- Heliothermal Units (°C hr), PTU- Photothermal Units (°C hr). Boxed value represents the significance of traits at (p <0.05).
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increase while sugars decrease, resulting in a negative correlation
between sugar and protein concentration in onion leaves.
Interestingly, the P,05 exhibited predominantly weak to moderately
negative correlations with shoot fresh weight and other nutrient
concentrations within the green onions and sulfur (S) generally
showed weak correlations across the measured parameters,
suggesting that under this tropical agroecosystem, sulfur may not
have been a primary limiting nutrient or involved in strong
interactive effects within the onion leaf tissue.

Leaf chlorophyll, reducing sugars and total sugars are critical
for onion plant health, growth and bulb quality. Chlorophyll, the
primary photosynthetic pigment, absorbs light (blue/red spectrum),
converting it to chemical energy (ATP, NADPH) to drive glucose
synthesis from CO2 and water, forming biomass. Its concentration
indicates plant health; declining levels often signal stress (drought,
salinity, nutrient deficiency), impairing photosynthesis and growth
(40, 41). Reducing sugars (glucose, fructose), direct products of
photosynthesis, are the plant's immediate energy source,
metabolising into ATP for growth. They also serve as fundamental
building blocks for complex carbohydrates (e.g. disaccharides,
polysaccharides). High reducing sugar levels contribute to osmotic
pressure, aiding water uptake under drought and act as signalling
molecules influencing growth, development and stress responses
(41,42).

Total sugar content, including reducing sugars and non-
reducing sucrose, is crucial. Sucrose, as the main transport
carbohydrate, efficiently distributes energy and carbon from leaves
(source) to the developing bulb (sink), supporting growth and
storage. While bulbs are primary storage organs, leaves hold
temporary soluble sugar reserves vital for metabolism during low
photosynthetic activity (43, 44). Leaf-derived sugars are essential for
onion bulb size, sweetness and post-harvest storability; higher total

sugar (especially fructans) correlates with better storage. Total sugar
fluctuations also aid plant stress response, maintaining turgor and
providing readily available energy.

In essence, chlorophyll drives photosynthetic energy
production. Reducing sugars are immediate fuel and foundational
building blocks. Total sugars, including transport forms like sucrose,
ensure efficient energy distribution and storage, vital for the
economically significant onion bulb and overall plant survival. Crops
sown later in the season exhibited improved leaf growth and quality
due to increased Bright Sunshine Hour (BSH), experiencing 5.1 h—
8.0 h of sunlight compared to just 0.1 h—2.7 h for early-sown crops.
The additional sunlight enhances chlorophyll's ability to absorb
energy, leading to increased ATP and NADPH production during
photosynthesis. This extra energy supports the Calvin cycle, resulting
in more CO, fixation and sugar production. Higher chlorophyll
content correlates strongly with increased sugar levels (r = 1.00 for
reducing sugars, r = 0.95 for total sugars), providing the energy and
resources necessary for plant growth.

Principal component analysis

PC1 includes traits like non-reducing sugar, ascorbic acid, soluble
protein, crude protein, nitrogen, phosphorus, growing degree days
and photothermal units. It accounts for 70.6 % of the variability in
green onion leaf quality (Fig. 3). Key positive correlations are seen
with photothermal units (0.996), growing degree days (0.976) and
ascorbic acid (0.962), while negative correlations exist with
chlorophyll content (-0.994), reducing sugar (-0.991), shoot fresh
weight (-0.964) and potash (-0.873), allimpacting green onion quality
as presented in Table 5. Based on the individual principal
component analysis of the five distinct sowing dates (Fig. 4), the
sowing dates of 15" June, 30" June and 15% August emerged as
favourable dates for quality traits, indicating the 15" August as
exceptionally most suitable date.
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Fig. 3. Principal component analysis of ten biochemical traits and fresh weight of green leaves with GDD, HTU and PTU.
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Fig. 4. Principal component analysis of five different sowing dates.
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Fig. 5. Principal scree plot between component number and corresponding variance percentage.

Table 6. Eigenvalues and the contribution of the principal
components to the total variance under investigation

(l:’;imn;ig::nt Eigenvalue Va '('i:, ;lce Cumulati(\g/t:)variance
PC1 10.592 70.613 70.613

PC2 3.356 22.374 92.987

PC3 0.89 5.935 98.922

PC4 0.162 1.078 100

Fig. 5 illustrates the scree plot correlating component
number with eigenvalues, complemented by the data presented in
Table 6. The analysis reveals that the first three principal
components account for approximately 98.92 % of the total
variability observed across the five sowing dates under investigation.
Among the four components identified, the first two exhibited
eigenvalues exceeding 1, contributing to a cumulative variance of
over 9298 %. Specifically, the first principal component (PC1)
demonstrated an eigenvalue of 10.59, which corresponds to 70.61 %
of the total variability, while the second principal component (PC2)
displayed an eigenvalue of 3.35, accounting for 22.37 % of the

variability. As per Guttman's lower bound principle, principal
components with eigenvalues less than 1 were overlooked. Principal
component analysis is an important tool for understanding
biochemical diversity and its relationships between crops. The
various groupings of traits based on biochemical and physiological
characteristics indicate that principal component analysis can
effectively guide the selection of superior traits, putting them
forward as viable candidates for further investigation. These findings
demonstrate the effectiveness of principal component analysis in
identifying key traits influencing green onion leaf quality. The 15"
August sowing date stands out as the best option for maximising
desirable quality attributes (45, 46).

Conclusion

It may be concluded that sowing in late July to mid-August in Odisha
favours early vegetative growth in green onions by mitigating the
detrimental effects of high temperatures experienced during early
sowing. Despite lower cumulative thermal units, crops sown from late
July to mid-August exhibited reduced mortality and enhanced
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vegetative growth with an optimum nutrient content in green onions.
Correlation analysis of bioactive compounds revealed significant
metabolic relationships. Positive correlations were observed
between leaf chlorophyll and both leaf sugars and leaf potash, as well
as between leaf crude protein and leaf nitrogen. Conversely, inverse
relationships were found between leaf sugar and leaf protein and
between leaf chlorophyll and leaf ascorbic acid. These findings
underscore that for optimal early-stage development of this cool-
season crop in this specific tropical agroecosystem, avoiding early-
season heat stress through strategic sowing timing is more critical
than maximising cumulative thermal unitaccumulation.

Sowing green onions in late July to mid-August in Odisha
promotes early vegetative growth by reducing heat stress associated
with early sowing. Although thermal units are lower during this
period, it leads to decreased mortality and improved nutrient
content. Significant correlations were found between leaf
chlorophyll, leaf sugars and leaf nitrogen, while inverse relationships
existed between leaf sugar and protein. Thus, strategic sowing
timing is critical for early-stage development in this tropical
agroecosystem. It is recommended to avoid early to mid-July
sowing to minimise heat stress and to maintain optimal nitrogen
and potassium levels with split applications. Consistent moisture
through light, frequent irrigation is essential. A phenology model
integrating GDD and heat stress should be developed to predict
optimal sowing dates and studies should identify resilient green
onion cultivars. Further research into metabolic relationships can
enhance breeding programs targeting specific pathways influenced
by heat stress.
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