High Planting Density Twin-row Arrangement
Produces Favorable Bulb Size Distribution in

Short-day Onion
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ABsSTRACT. Twin-row planting arrangements are commonly used in agronomic
crops to improve production and enhance disease management, but little
information exists on their application in onion production. This study evaluated
the impact of twin-row arrangements at high planting density on yield and bulb
size distribution of short-day onion (‘Sweet Magnolia’). Treatments combined
within-row and between-row distances and the number of rows per bed top to
achieve the desired planting arrangement and resultant planting densities.
Treatments were four single rows of plants per bed top spaced 6 inches X 12 inches
(within by between row), four single rows spaced 4 inches X 12 inches, or four twin
rows (eight rows in total) spaced 6 inches X 4 inches among twins with 12 inches
between twin-row pairs from middle to middle, resulting in planting densities of
58,000, 87,000 (commercial standard), and 116,000 plants per acre, respectively.
Onion total and marketable yields increased while bulb size decreased as planting
density rose. The twin-row high planting density was equivalent to the commercial
standard in both total and marketable yield. Most important, twin rows had a
favorable bulb size distribution, with both the highest yield and percentage of jumbo
bulbs (=3 inches in diameter) at 998.3 40-1b bags per acre and 80.2%, respectively.
Culls decreased with increased planting density with no difference between twin-row
high planting density and the commercial standard. Significant bolting was observed in
2024 at high planting density in conjunction with cooler weather. Our data indicate
that twin-row planting arrangements do not outperform the commercial standard
planting density in marketable yield but have potential applications for targeting
specific bulb sizes by altering the bulb size distribution to favor smaller bulbs.

nions (Alliwm cepa) are a
O highly valued vegetable crop

in the United States; 133,000
acres are devoted to onion cultivation,
worth just over $1.5 billion US Depart-
ment of Agriculture, National Agricul-
tural Statistical Service 2023. In Georgia,
onions are worth $178 million and con-
tribute 13% of the total value brought
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by vegetables (University of Georgia,
Center for Agribusiness and Economic
Development 2024). Georgia is known
for the Vidalia onion, which is valued for
its sweet taste and low pungency. This
onion is a yellow granex type exclusively
cultivated in the Vidalia region of
Georgia, a federally designated area well
suited for sweet, short-day onions be-
cause of its environment: loamy sand
soils with low sulfur content and mild
winters (Boyhan and Torrance 2002).
Each onion plant only produces
one onion bulb. Thus, planting den-
sity is crucial to optimize yields and
bulb size. Currently, most growers
plant Vidalia onions in four single rows
per bed top with 4 to 6 inches between
plants to reach rates of 58,000 to
87,000 plants per acre (University of
Georgia 2017). Increasing planting den-
sity can increase yield in onions but also
decrease bulb size (Brewster 2008). This
presents a challenge because bulb size
distribution is an important factor of on-
ion yield: consumers prefer jumbo bulbs

(=3 inches in diameter), which bring
the highest premium at the market and
are a priority for growers (Ibiapina de
Jesus 2023). Typically, growers change
the spacing between plants within a
row to reach their target planting den-
sity, but decreasing the space below
4 inches (10 cm) would likely restrict
the growth of larger bulbs. This has
been reported in short-day onions: Le-
skovar et al. (2012) noted significant de-
creases in jumbo bulbs when decreasing
in-row space from 4 to 3.2 inches, and
Stofella (1996) also reported a reduction
of bulbs =3 inches in diameter from 6
to 3 inches in-row space.

Twin-row planting arrangements
are a common technique for agro-
nomic crops that can be used to
increase planting density by placing
rows more closely together instead of
decreasing plant space within the row.
In soybeans, it can increase yield over
single-row beds (Bruns 2011), and in
peanuts, it increases yield as well as en-
hances disease management (Balkcom
et al. 2010), but little information ex-
ists regarding its effect in onions. Be-
cause each onion plant produces a
single bulb, using a twin-row planting
arrangement that does not put plants
closer than 4 inches to increase plant-
ing density may improve yields with-
out reducing desirable onion sizes.
The goal of this research was to in-
crease production efficiency, yields, and
profitability using equipment growers
already have. Applying this technique
to onions can be implemented using
existing equipment (tractor, sprayers,
and spreaders); only the hole punch
needs to be modified, without altering
standard management practices or re-
ducing the in-row space below 4 in-
ches. This study evaluated the effects
of a high plant density twin-row plant-
ing arrangement on vyield and yield
components of Vidalia onion.

Materials and methods

SITE SELECIION AND STUDY DESIGN.
The study was conducted at the Uni-
versity of Georgia Vidalia Onion and
Vegetable Research Center (VOVRC),
located in Lyons, GA, USA, during the
winter growing seasons of 2023 and
2024 (32°00'59"N, 82°13'12"W).
This region is ideal for Vidalia onion
production due to the loamy sand
soils with low sulfur content and
warm, humid weather with an average
annual rainfall of 46 inches (University
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Fig. 1. Images of hole-punching attachments used for single and twin-row onion
planting arrangements pictured with a wooden yardstick in inches for scale. (A)
Single row wheel attachment with 6 inches between spokes. (B) Single row wheel
attachment with 4 inches between spokes. (C) Twin-row wheel attachment with

6 inches between spokes and 4 inches between twins. 1 inch = 2.54 cm.

of Georgia Weather Network 2024; US
Department of Agriculture, National
Resources Conservation Service 2013).

Trials were arranged in a random-
ized complete block design (RCBD)
with three treatments and four replica-
tions. Treatments combined within-
row, between-row spacing, and num-
ber of rows per bed to achieve the
desired planting arrangements and
resultant plant population densities.
Hole punch wheels with three spoke
configurations (shown in Fig. 1) were
mounted at four wheels per bed top
and spaced 12 inches from wheel middle
to middle to form main rows. Configu-
rations were four rows of plants spaced 6
inches within-row (Fig. 1A), four rows
of plants spaced 4 inches within-row
(Fig. 1B), or four staggered twin-rows
(eight rows total) spaced 6 inches within
the row and 4 inches between twin-rows
on the same hole puncher (Fig. 1C), re-
sulting in planting densities of 58,000,
87,000, and 116,000 plants per acre,
respectively (Table 1). Treatment plots

were 20 ft long and 6 ft center to
center.

The variety studied was ‘Sweet
Magnolia’ (Seminis, St Louis, MO,
USA), chosen based on superior crop
performance and common use by
growers in Georgia. Sixty-day-old bare
ground seedlings were transplanted in
the first week of December and har-
vested in the last week of April.
Fertilizer, irrigation, and pesticide
management were followed accord-
ing to University of Georgia guide-
lines for onions. At harvest, onion
bulbs were undercut with a rotating
bar when 40% to 50% of the tops
had fallen over. These bulbs were al-
lowed to field-dry for 5 d before
trimming roots and tops. They were
then stored in plastic mesh bags and
cured in a dryer at 90 °F for 48 h.

Dara coLLEcTION. Each plot’s
total bulb weight was recorded post-
cure on a per-plot basis. Bulbs that
were diseased, misshapen, or hollow-
necked were considered culls and

Table 1. List of treatments by planting arrangement, planting density, rows per
bed top, and corresponding spacing of onions for trials in 2023 and 2024.

Spacing (inches)

Planting Planting density -
arrangement (plants/acre) Rows per bed In row Between row”
Single row 58,000 4 6 12

Single row 87,000 4 4 12

Twin row 116,000 g 6 12"

1 acre = 0.4047 ha.

T Between-row distance is measured from middle to middle of the hole punch wheel attachment.

it Bour twin rows = eight rows total.

¥ Distance between twins on the same wheel attachment is 4 inches with 12 inches between twin rows. See

Fig. 1C.
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removed before sizing. The remain-
ing marketable onions were sized by
USDA grading standards for Granex-
type onions (US Department of Agri-
culture, Agricultural Marketing Service
2014) using a commercial perforated
conveyor belt grader (Haines Equip-
ment Inc, Avoca, NY, USA) and bulb
weights were recorded for each size
by plot. Size categories were based
on minimum bulb diameter with
medium = 2 inches, jumbo = 3 inches,
and colossal = 3.75 inches. In 2024,
the number of bolting plants in each
plot was recorded after observing sub-
stantial bolting in the field, which was
absent in 2023.

STATISTICAL ANALYSIS. Yield and
yield parameters were analyzed using
a Mixed Model in JMP Pro version
17 (SAS Institute Inc., Cary, NC,
USA) to determine significant differ-
ences between single-row low and
standard planting density and twin-
row high planting density treatments
at o = 0.05, with treatment as a fixed
effect and year and block as random
effects. Bolting in 2024 was analyzed
similarly, excluding year from the
model. Post hoc separation of means
was determined using Tukey’s honestly
significant difference. Supplemental fig-
ures were generated in RStudio version
2024.04.02 (RStudio, PBC, Boston,
MA, USA).

Results

YIELD RESPONSE TO PLANTING
DENSITY. Both total and marketable
yields increased with planting density
(Table 2; Supplemental Fig. 1). The
twin row high planting density had a
significantly higher total yield than the
lowest planting density (P = 0.0146).
Planting using a twin-row configura-
tion at 116,000 plants/acre yielded
significantly higher 40 Ib bag/acre
(1846) than planting in single rows at
58,000 plants/acre (1465). The total
yield for the commercial standard den-
sity of single rows at 87,000 plants/
acre (1684) was not significantly differ-
ent from the other two treatments
(a = 0.05).

Marketable yield followed a similar
pattern, with a significantly higher yield
from the twin-row 116,000 plants/acre
plots than the 58,000 plants/acre plots
in single rows (P = 0.0017). No signifi-
cant differences existed in marketable
yield between the commercial standard
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Table 2. Total, marketable, and cull yield of onion by weight and percentage of marketable and cull bulbs relative to total yield
at each planting arrangement and density in 2023 and 2024 combined. Values represent descriptive means + standard error.

Yield (40 1b bag/acrc:)i

Planting Planting density

arrangement (plants/acre) Total Marketable Cull % Marketable % Cull
Single row 58,000 1465.0 + 136.32 b" 6449 +889b 8202+ 114.8a 450+47b 55.0+4.7a
Single row 87,000 1684.5 + 194.1 ab 9914 £ 81.9ab 693.1 +1258ab 609 +30a 39.1+£30Db
Twin row 116,000 1846.2 + 1739 a 12455 +137.0a 600.7 £+ 85.6 b 667 +45a 333x45Db

140 Ib bag/acre = 98.84 Ib/ha or 18.14 kg/ha.

i Letters following means represent separation by Tukey’s honestly significant difference test within the column, with unique letters indicating a significant difference at

P =0.05.

and the high and low planting density
treatments (a = 0.05) (Table 2).

In 2024, plots with the highest
planting density experienced sig-
nificantly more bolting (seed-stem
formation) at 15.9% (Table 3). The
proportion of marketable to cull
bulbs increased substantially with
planting density, with the percent-
age of marketable bulbs rising from
45% at the low density to 60.9%
and 66.7% (P = 0.0034) for the
87,000 plants/acre commercial stan-
dard and high planting density, respec-
tively (Table 2; Supplemental Fig. 2).
There was no significant difference in
culls between the single-row commer-
cial standard and the twin-row high
planting density.

BULB SIZE DISTRIBUTION IN
RESPONSE TO PLANTING DENSITY. The
relative contribution of each bulb size
category to the marketable yield was
also affected by planting density. The
proportion of jumbo- and medium-
sized bulbs was the largest, and the
fraction of colossal bulbs was the small-
est, with twin-row 116,000 plants/
acre plots (Table 4; Supplemental Figs.
3 and 4). Jumbo bulbs were a signifi-
cant contributor to marketable yield
(40 b bag/acre) for 58,000 plants/
acre plots at 290.4 (45.0%), and the
largest contributor for both commer-
cial standard 87,000 plants/acre and
twin-row 116,000 plants/acre plots at
608.0 (61.3%) and 998.3 (80.1%), re-
spectively, with statistical differences
between each group (P < 0.0001).
Medium bulb yields (40 1b bag/acre)

were highest in twin-row 116,000
plants/acre plots at 88.5 (7.1%) and
statistically distinct from the group of
single-row low and commercial stan-
dard density plots with yields of 6.8
(1.0%) and 15.9 (1.6%), respectively
(P < 0.0001).

Yields (40 1b bag/acre) for colos-
sal bulbs were highest in the single-
row 58,000 and 87,000 plants/acre
plots at 347.7 (53.9%) and 367.5
(37.1%). The twin-row high planting
density had lower yields of colossal
bulbs at 158.8 (12.7%) than the com-
mercial standard but was not signifi-
cantly different from the single-row
low planting density plots (P = 0.032).
The single-row low and commercial
standard plant density plots were not
significantly different.

Discussion

YIELD AND PLANTING DENSITY.
Twin-row planting arrangements are a
common technique for agronomic
crops that can increase yield and en-
hance disease management. Our goal
was to apply twin-row planting to
Vidalia onions as a form of precision
agriculture and evaluate the impact at
a high planting density. We observed
total and marketable yields increase
with planting density. However, al-
though the twin-row high planting
density had higher total and market-
able vyields than the low planting
density, it was equivalent to the com-
mercial standard for both yield cate-
gories. Because each plant produces
one bulb, these yield increases were

Table 3. Percentage of bolted onion plants by planting arrangement and density
in 2024. Values represent descriptive means =+ standard error.

Planting arrangement

Planting density (plants/acre)’

Bolted plants (%)

Single row
Single row
Twin row

58,000 0.5 + 0.3 b
87,000 21+06Db
116,000 159 +1.3a

1 acre = 0.4047 ha.

i Letters following means represent separation by Tukey’s honestly significant difference test within the column,
with unique letters indicating a significant difference at P =< 0.05.
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primarily due to increasing plant num-
bers. Mixed results were found in
Spanish sweet onions. Stoftella (1996)
saw vyields increase with planting
density at rates ranging from 101,000
to 608,000 plants per acre, whereas
Caruso et al. (2014) reported no
effect of planting density on yield
for rates of 524,000, 672,000, and
941,000 plants per acre. In contrast
with these studies is a report from
Brazil where short-day onions showed
a quadratic yield response to plant
spacing (dos Santos et al. 2018). In
our study, cull bulbs also decreased
with planting density, and there was
no difference between the twin-row
high planting density and the com-
mercial standard. This contrasts with
Stoftella (1996), where culls were <9%
and unaffected by planting density. Be-
cause we applied the same rate of fertil-
izer across planting densities, one possible
explanation for the higher number of
culls at low planting densities is excess
available nitrogen (N), which has been
associated with bulb decay in Vidalia on-
ions (Diaz et al. 2003).

BULB SIZE DISTRIBUTION AND
PLANTING DENSITY. Bulb sizes gener-
ally decreased as planting density in-
creased, with significant differences in
size distribution. Jumbo and medium
bulbs increased with planting density,
and the twin-row high planting density
plots had both the highest yield and
percentage of these bulbs. Results for
colossal bulbs were mixed. Colossal
bulbs tended to decrease as planting
density increased, but the differences
between the lowest planting density
and the other treatments were not sig-
nificant. This is generally consistent
with previous reports on short-day on-
ions: Stoffella (1996), Leskovar et al.
(2012), Caruso et al. (2014), and dos
Santos et al. (2018) all observed de-
creasing bulb sizes as planting density
increased. Varietal and environmental
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Table 4. Contribution of onion bulb size by weight to the marketable yield by
planting arrangement and density in 2023 and 2024 combined. Values represent

descriptive means * standard error.

Yield (40 1b bag/acre)’

Planting Planting density

arrangement (plants/acre)"” Colossal™ Jumbo Medium
Single row 58,000 347.7 + 61.9 ab™ 290.4 + 30.7 ¢ 68+23Db
Single row 87,000 367.5+59.7 a 608.0 +52.0b 159+23b
Twin row 116,000 158.8 £ 28.0 b 998.3 +119.8a 88.5=+10.1a

f‘40 Ib bag/acre = 98.84 Ib/ha or 18.14 kg/ha.
"1 acre = 0.4047 ha.

i Size categories were based on the minimum diameter of bulbs: Colossal = 3.75 inches, Jumbo = 3 inches

and Medium = 2 inches. 1 inch = 2.54 cm.

¥ Letters following means represent separation by Tukey’s honestly significant difference test within the column,
with unique letters indicating a significant difference at P = 0.05.

factors also influence the effect of plant-
ing density on yield and bulb sizes.

Boyhan et al. (2009) observed de-
creased bulb sizes for Vidalia onions at
rates from 31,680 to 110,880 plants
per acre but noted significant varietal
and environmental interactions when
comparing bulb-size distributions. Al-
though marketable yield is important,
bulb size distribution is critical for
maximizing profits from Vidalia on-
ions. Jumbo bulbs are generally more
valuable than medium and colossal
bulbs and are considered more desirable
by growers (Ibiapina de Jesus 2023).

In 2024, the twin-row high plant-
ing density plots also experienced sig-
nificant bolting. Bolting is a complex
process but can be induced by low
temperatures (50 to 59 °F) late in the
season (March—April) and enhanced by
smaller bulbs (Brewster 2008). Cool
weather and smaller bulb sizes at the
high planting density may help explain
the increased bolting observed in the
2024 trial.

Conclusions

This study evaluated the impact of
a twin-row arranged high planting den-
sity in the production of Vidalia onion
in Georgia USA. We found that yield in-
creased with planting density. Twin-row
high planting density total and market-
able yields were equivalent to the com-
mercial standard planting density. Bulb
size decreased as planting density in-
creased, and the marketable size distri-
bution also changed substantially across
planting densities; twin-row planting ar-
rangements had the highest proportion
of jumbo and medium bulbs. Culls also
decreased as planting density increased,
and there was no difference between
twin-row high and commercial standard
plant populations. We also observed
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bolting at high planting density, but this
can also be influenced by variety and
cold weather. Our data indicate twin-
row planting arrangements can poten-
tially be used to increase production
of high-value bulb sizes in short-day

onions.
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