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SUMMARY. Basil (Ocimum sp.) is the most popular fresh culinary herb. However, there
is a lack of data characterizing the effect of hydroponic production systems and cultivars
on the yield of hydroponically produced basil. Our objectives were to quantify
productivity and characterize growth of basil cultivars grown in two hydroponic
production systems. Thirty-five basil cultivars, including selections of sweet basil
(O. basilicum), holy basil (O. tenuiflorum), and lemon basil (O. ·citriodorum and
O. basilicum) were chosen. Seedlings were transplanted into nutrient film technique
(NFT) or deep flow technique (DFT) systems and grown for 3 weeks. There was no
interaction between basil cultivars and hydroponic production system. Fresh weight of
plants grown in DFT systems was 2.6 g greater compared with plants grown in NFT
systems. Basil cultivars differed greatly in fresh weight. In general, holy, lemon, and
sweet basil cultivars produce moderate to high fresh weight, but vary greatly.
Dissimilarly, bush (O. basilicum var. minimum), cinnamon (O. basilicum), large-leaf
(O. basilicum), and thai basils (O. basilicum var. thyrisiflorum) produce moderate fresh
weight and purple basil (O. basilicum) cultivars produce the least fresh weight. The
yield of basil seems to be affected more by cultivar selection than hydroponic
production system. Therefore, hydroponic basil producers should select basil cultivars
based on flavor and yield, while hydroponic systems should be selected based on
operational preferences.

B
asil is a popular genus in the
mint family (Lamiaceae) with
more than 30 species currently

identified (Simon et al., 1999) and
a constantly increasing number of
cultivars (Paton, 1992). Basil species
and cultivars vary widely in their
characteristics, such as flavor, plant
appearance, and architecture. There
are several uses for basil, including
essential oil production (Wogiatzi
et al., 2011), use as an ornamental
plant in landscapes (Morales and
Simon, 1996), as a cut flower (Dole
and Wilkins, 2005), and as a culinary
herb (Simon et al., 1999). Among
these different uses, basil is most
commonly used as a culinary herb
(Simon et al., 1999). Sweet basil is
the most commonly cultivated basil
species for culinary use, though
lemon basil and holy basil are also

produced for consumption and use
in cooking (Juntachote et al., 2006;
Morales and Simon, 1997).

Culinary basil can be grown out-
doors or in controlled environments.
Although the demand for fresh pro-
duce such as basil has increased (Wolf
et al., 2005), year round production
in colder climates is only possible in
controlled environments. Research has
been conducted on field production of
basil (Sifola and Barbieri, 2006), but
there are areas of hydroponic green-
house basil production yet to be fully
researched. There are several hydro-
ponic systems frequently employed in
greenhouse production of various food
crops including dutch buckets, slab
and bag culture, NFT, and DFT
(Fenneman et al., 2013). The twomost
prevalent types of hydroponic systems
used for leafy crops such as basil are

NFT and DFT systems (Fenneman
et al., 2013; Hochmuth and Cantliffe,
2014; Jensen, 2002; Morgan, 2005).

We have found no peer-reviewed
research quantifying the growth of nu-
merous basil species and cultivars pro-
duced in different hydroponic systems.
Similarly, we have found no research
comparing NFT and DFT systems for
basil production. This comparison could
be useful tool to aid hydroponic pro-
ducer’s decision-making process. The
objectives of our research were to quan-
tify and characterize growth of basil
species and cultivars grown in NFT
and DFT hydroponic systems.

Materials and methods
BASIL CULTIVAR SELECTION.

Seeds of 35 cultivars of basil, which
represented several species, were ob-
tained from several sources (Table 1).
Although additional cultivars were
available, we judged them impractical
for commercial hydroponic use be-
cause of excessive compact growth,
short stem length, small leaf size, and
low productivity.

PROPAGATION. Multiseed 162-
cell phenolic-foam propagation cubes
(Oasis� Horticubes� XL; Smithers-
Oasis, Kent, OH) were hydrated with
deionized water. Seeds were individu-
ally sown into each cell and flats were
placed in a growth chamber (E-41L;
Percival Scientific, Perry, IA)with a con-
stant air temperature of 24 �C and a
photosynthetic photon flux (PPF) of
250 mmol�m–2�s–1 provided by flores-
cent lamps for 16 h�d–1. Seeds were
irrigated once daily with deionized wa-
ter until radical emergence, then seed-
lings were irrigated daily with deionized
water supplemented with 100 ppm
nitrogen (N)provided froma complete,
balanced, water-soluble fertilizer (Jack’s
Hydro FeED 16N–1.8P–14.3K; JR
Peters, Allentown, PA).

HYDROPONIC SYSTEMS. Two
weeks after sowing, seedlings were
transplanted into either NFT or DFT

Units
To convert U.S. to SI,
multiply by U.S. unit SI unit

To convert SI to U.S.,
multiply by

0.3048 ft m 3.2808
3.7854 gal L 0.2642
2.54 inch(es) cm 0.3937
4.8824 lb/ft2 kg�m–2 0.2048
1 mmho/cm dS�m–1 1

28.3495 oz g 0.0353
1 ppm mg�L–1 1

(�F – 32) O 1.8 �F �C (�C · 1.8) + 32
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hydroponic systems. Each NFT sys-
tem consisted of four troughs that
were 4 inches wide, 2 inches tall, and
80 inches long (GT50–612; FarmTek,
Dyersville, IA) with a 3% slope. Nutri-
ent solution was held in a 40-gal reser-
voir (Premium Reservoir; Botanicare,
Chandler, AZ) and was delivered to
troughswith a submersible water pump
(Active Aqua 33-Wpump,Hydrofarm)
resulting in a flow of �1 L�min–1 per
trough. Plants were placed in 3.5-cm-
diameter holes cut into the top of the
NFT troughs allowing the base of the
phenolic foam to rest on the bottom of
the trough. The DFT systems con-
sisted of a 3-ft-wide, 6-inch-tall, and
6-ft-long tray with a 60-gal capacity
(3 · 6 IDTrayWhite, Botanicare) and
a 1.5-inch-thick polystyrene foam
sheet floating on the nutrient solution.
Basketswere placed in 3.5-cm-diameter
holes in the polystyrene foam, and
seedlings were placed in the baskets so
the phenolic foam was in contact with
the nutrient solution. In both systems,
plants were spaced 8 inches apart. Each
system contained one plant of each of
the 35 cultivars.

GREENHOUSE CULTURE. Hydro-
ponic systems were in a glass-glazed
greenhouse at Ames, IA (lat. 42.0�N)
with radiant hot-water heating and fog
cooling controlled with an environ-
mental control system (Titan; ARGUS
Control Systems, Surrey, BC, Can-
ada). The greenhouse air temperature
set point was 23 �Cwith ambient PPF
supplemented with 180 mmol�m–2�s–1
between 0600 and 2200 HR provided
by high-pressure sodium lamps (PL
3000; P.L. Light Systems, Beams-
ville, ON, Canada) when greenhouse
light intensities were below 175
mmol�m–2�s–1. The PPF and air tem-
perature were measured with a quan-
tum sensor and temperature probe in
a naturally aspirated radiation shield,
respectively, connected to a datalog-
ger (Watchdog 2475 Plant Growth
Station; SpectrumTechnologies,Aurora,
IL). Environmental data are reported
in Table 2.

The nutrient solution consisted of
deionized water and 16N–1.8P–14.3K
fertilizer (Jack’s Hydro FeED). Electri-
cal conductivity (EC) and pH were
measured daily with a pH/EC probe
(HI 981504 pH/TDS/Temperature
Monitor; Hanna Instruments, Woon-
socket, RI). The EC was maintained at
1.6 dS�m–1 by adding deionized water
and concentrated nutrient solution,

while the pH was adjusted to 6.0 ±
0.2 using potassium carbonate (pH
Up; General Hydroponics, Sebasto-
pol, CA) and a combination of phos-
phoric and citric acid (pH Down;
General Hydroponics, Sebastopol,
CA). The nutrient solution was con-
stantly aerated with one 6-inch-long
air stone per 10 gal of nutrient solu-
tion (Active Aqua air stone 6 inches,
Hydrofarm) attached to a 110-L air
pump (Active Aqua; Hydrofarm). The
oxygen concentration in the nutrient
solution was measured daily with a dis-
solved oxygenmeter (HI 9147, Hanna
Instruments) and was 8.3 ± 0.2 ppm.
The nutrient solutionwas continuously
circulated through a heater/chiller unit
(SeaChill TR-10; TECO, Terrell, TX)
to maintain a water temperature of
22.5 ± 0.5 �C.

DA T A C O L L E C T I O N A N D

CALCULATION. When the majority of
plants were harvestable (4 and 3
weeks after planting for Runs 1 and
2, respectively), growth was assessed.
Height of the main stem and node
number were recorded to determine
average internode length (height O
node number). Number of branches
(>2.5 cm) was counted and the width
at the widest point and length of the
second most mature leaf was mea-
sured. Leaf index (LI) was calculated
by using the formula for area of an
ellipse (LI = length · width · 0.8)
(Cochran and Fulcher, 2013). Plants
were severed at the surface of the
foam cubes and fresh weight was
immediately recorded. Shoots were
weighed after drying in a forced-air
oven maintained at 67 �C for 3 d.

EXPERIMENTAL DESIGN. Each ex-
perimental run was organized in a ran-
domized complete block design in
a factorial arrangement with 10 hy-
droponic systems (replicates) per sys-
tem type with one plant per cultivar in
each replicate system. Factors were
hydroponic system (2 levels) and cul-
tivar (35 levels). Analysis of variance
and mean separation by Tukey’s hon-
estly significant difference test at P £
0.05 were performed on all data by
using JMP (version 11; SAS Institute,
Cary, NC). The experiment was run
twice.

Results
For both experimental runs,

growth and development were affected
by either cultivar or hydroponic pro-
duction system, but not the interactionT
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between production system and culti-
var (Tables 3 and 4). There was no
difference between basil grown in NFT
and DFT systems in the first run of
this experiment (Table 3). In the
second run, production system had

no effect on node number, LI, or
branch number (Table 3); however,
fresh weight, dry weight, and height
of basil grown in DFT systems was
2.6 g, 0.2 g, and 0.8 cm greater,
respectively, compared with plants
in NFT systems (24.4 g, 2.0 g, and
14.6 cm, respectively) (data not shown).

For both runs, cultivar affected
each parameter of growth and devel-
opment measured (Tables 3 and 4).
The trends across cultivars were sim-
ilar between runs; for clarity, we pres-
ent results from the second run. Fresh
weight varied from 58.1 g (‘Mrs.
Burns Lemon’) to 4.2 g (‘Amethyst
Improved’) (Table 1). Sweet basil
cultivars had the greatest variability
in fresh weight ranging from Emily
(15.0 g) to Italian Large Leaf (50.6 g)
(Table 1). Nearly every purple basil
cultivar had lower weight when com-
pared with sweet basil with weights
ranging from 4.2 to 31.5 g. Most
thai, cinnamon, and bush basil had
similar fresh weights, with ‘Cinna-
mon’ being the heaviest at 30.0 g
and ‘Christmas’ the lightest at 15.9 g.
For lemon basil, ‘Mrs. Burns Lemon’
produced the greatest fresh weight
(58.1 g), whereas ‘Lemon’ produced
the least (26.5 g). Trends in dry
weight were similar to that of fresh
weight. Dry weight varied from
4.7 g (‘Holy’) to 0.3 g (‘Amethyst
Improved’).

Node number varied with culti-
var (Table 1). Cultivars producing the
highest number of nodes included
the sweet basil cultivar Dwarf Bush
(7.5 nodes), bush basil cultivars Spicy
Globe (7.4 nodes), and Summerlong
(7.5 nodes), lemon basil cultivar Mrs.
Burns Lemon (7.6 nodes), and holy
basil cultivar Holy (6.9 nodes). The
fewest nodes were observed on the
sweet basil cultivars Emily and Geno-
vese Compact (4.6 and 4.6 nodes),
large-leaf basil cultivar Lettuce Leaf
(3.8 nodes), and on purple basil cul-
tivars Amethyst Improved, Crimson

King, and Purple Ruffles (3.9, 4.0,
and 4.0 nodes, respectively).

Height and internode length
varied across cultivars (Table 1). ‘Aro-
matto’, ‘Mrs. Burns Lemon’, ‘San
Romeo’, and ‘Sweet Dani’ were the
tallest cultivars with heights of 26.4,
28.6, 26.1, and 27.7 cm, respectively.
Alternatively, ‘Amethyst Improved’,
‘Crimson King’, and ‘Purple Ruffles’
were the shortest cultivars with 6.2,
6.8, and 7.0 cm tall plants, respec-
tively. Internode lengths ranged from
‘San Remo’ sweet basil with the lon-
gest internode length (4.2 cm) to
‘Summerlong’ bush basil having the
shortest (1.1 cm).

The branch number and the LI
differed across cultivars (Table 1).
Cultivars with the largest number of
branches included Holy, Mrs. Burns
Lemon, and Summerlong with 11.2,
11.4, and 11.2 branches, respectively.
Alternatively, ‘Amethyst Improved’,
‘Crimson King’, and ‘Lettuce Leaf’
had no branches. Bush, holy, lemon,
and thai basil cultivars had similar
branch numbers (8.9 to 11.4) with
the exception of Sweet Dani (7.6) and
Sweet Thai (4.9). Cinnamon basil
cultivars had between 2.5 (Cardinal)
and 6.5 (Cinnamon) branches. Cul-
tivars with the highest LI included
Lettuce Leaf and Napoletano at 62.7
and 81.0, respectively. Other culti-
vars ranged in LI from 8.2 to 39.9
with bush basil cultivars Spicy Globe
and Summerlong having the lowest
LI at 4.9 and 2.8, respectively. All
cinnamon, holy, lemon, purple, and
thai basil cultivars had similar LI.

Discussion
The most common types of

hydroponic systems used for leafy
crop production are NFT and DFT
systems (Fenneman et al., 2013;
Hochmuth andCantliffe, 2014; Jensen,
2002; Morgan, 2005). However, we
have found little published informa-
tion directly comparing DFT and
NFT for leafy crop production.
Lennard and Leonard (2006) reported
that DFT systems produced 0.34
kg�m–2 more lettuce (Lactuca sativa)
than NFT systems in aquaponic pro-
duction. In the first run of this exper-
iment there were no differences in
plant growth between NFT and
DFT systems (Table 3), whereas in
the second run there was a small
difference in fresh weight for plants
grown in the two systems (Table 4).

Table 2. Average light intensity and daily air temperature during hydroponic
greenhouse production of basil.

Replication no. Date

Light intensity
(mmol�mL2�sL1)

Day temp
(�C)z

Night
temp
(�C)

Avg daily
temp
(�C)

mean ± SD

1 26 Mar.–23 Apr. 293 ± 67 22.5 ± 1.3 20.3 ± 0.7 22.0 ± 1.0
2 21 May–11 June 308 ± 119 25.0 ± 1.2 20.7 ± 1.1 23.8 ± 1.1
z(1.8 · �C) + 32 = �F.

Table 3. Analyses of variance for
fresh and dry weight, node number,
height, leaf index, internode length,
and branch number for 35 basil
cultivars grown in either a nutrient
film technique or deep flow
technique hydroponic system in
a greenhouse. Data were collected 4
weeks after transplanting seedlings
into hydroponic systems.

Parameter
Cultivar

(C)
System
(S) C · S

Fresh wt ***z
NS NS

Dry wt *** NS NS

Nodes *** NS NS

Height *** NS NS

Leaf index *** NS NS

Internode length *** NS NS

Branch no. *** NS NS

z*** and NS indicate significant at P £ 0.001 or
nonsignificant, respectively.

Table 4. Analyses of variance for
fresh and dry weight, node number,
height, leaf index, internode length,
and branch number for 35 basil
cultivars grown in either a nutrient
film technique or deep flow
technique hydroponic system in
a greenhouse. Data were collected 3
weeks after transplanting seedlings
into hydroponic systems.

Parameter
Cultivar

(C)
System
(S) C · S

Fresh wt ***z *** NS

Dry wt *** *** NS

Nodes *** NS NS

Height *** ** NS

Leaf index *** NS NS

Internode length *** *** NS

Branch no. *** NS NS

z**, ***, and NS indicate significant at P £ 0.01 or
0.001 or nonsignificant, respectively.
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The few differences in basil growth
between the two systems, when taken
along with other aspects, may not be
commercially significant to producers.
Hydroponic production systems should
be chosen based not only on plant
growth but also on factors such as
usability and input requirements.

One of the advantages of NFT
systems is the reduced volume of
nutrient solution required relative
to the area of plant production. This
reduces the energy required to heat
the nutrient solution in the winter
months if desired (Thompson et al.,
1998). In addition, troughs in NFT
systems are usually placed at heights
that are comfortable for greenhouse
employees to access for transplant-
ing and harvesting. Disadvantages
include the possibility of increased
leaking due to more extensive plumb-
ing and the constant reliance on
pumps for water supply; although
recirculation and agitation of the nu-
trient solution is also advantageous in
that it may help oxygenate the water
(Frantz and Welbaum, 1998). Al-
though the DFT systems used in this
study each contained a single raft,
DFT systems commonly have multi-
ple polystyrene foam sheets floating
on the nutrient solution surface
forming a raceway. The nutrient solu-
tion in DFT systems creates a near
frictionless conveyor belt for the
floating rafts (Jensen and Collins,
1985). In DFT systems, plants can
be transplanted at one end of the
raceway and harvested at the other
end, thus reducing labor costs. Also,
pumps are not required to provide
nutrient solution to plants. With less
extensive plumbing than a NFT sys-
tem, the location of plants is not at
a level comfortable for greenhouse
employees. A NFT system may be
more useful for crops requiring more
access, such as fresh cut herbs with
successive harvests, whereas a DFT
system may be more useful for crops
with a single harvest. The decision of
which type of hydroponic produc-
tion system to employ should be
based on plant growth and function-
ality of systems.

Though not quantified in this
study, one of the first consider-
ations in selecting basil cultivars
for production is the desired flavor
of the crop. The distinctive basil
flavor is characterized by aroma com-
pounds (Simon et al., 1999) including

linalool, a compound found in nearly
every species of basil, along with other
aroma compounds. For example, the
flavors of sweet, large-leaf, purple,
and bush basils partially come from
methylchavicol and 1,8-cineole, while
thai, cinnamon, and lemon basil have
higher methylchavicol, methylcinna-
mate, and citral content, respectively.
Unlike other basil cultivars in this ex-
periment, the major aroma compound
in holy basil is b-caryophyllene, not
linalool, giving it a unique flavor.

In addition to flavor, a primary
reason that basil cultivars should be
selected is based on their growth and
productivity. The fresh and dry
weight of basil varied widely across
the cultivars in this study (Table 1). In
general, sweet and lemon basil culti-
vars produce moderate to high fresh
weight, but vary greatly. In contrast,
bush, cinnamon, large-leaf, and thai
basils produce moderate fresh weight
and purple basil cultivars produce the
least fresh weight. Nearly every purple
basil cultivar had less fresh weight and
had fewer nodes than sweet basil
cultivars. The reduction in growth of
purple basil is likely due to the in-
creased anthocyanin content (Phippen
and Simon, 1998), as plants with
elevated anthocyanin concentrations
generally do not grow at the same
rate as similar green-leaved cultivars
(Boldt, 2013). Increasing plant den-
sity through double-seeding plants
and/or decreasing spacing may in-
crease yield of purple basil per unit
area. Although ‘Aromatto’ had high
fresh weight, we believe this may be
attributed to excessive stem growth,
not foliage production.

Hydroponic basil producers
may want to select basil cultivars with
certain growth or morphological
characteristics in addition to flavor
and yield (Table 1). These factors
influence the structure of a plant.
Cultivars that are tall with long in-
ternode lengths and small LIs may
tend to fall over during production,
whereas short cultivars with high
branching and small internode
lengths and LIs may be stable and
well suited for potted production. A
combination of these factors is used
in selecting cultivars for hydroponic
production. A plant that can stand
upright with a large leaf to stem ratio
is ideal whether the plant has few
large leaves or many small leaves. For
example, ‘Aromatto’ and ‘San Remo’

were tall with long internode lengths
and fell over throughout production.
Alternatively, bush basil cultivars were
highly branched and compact with
small leaves, resulting in a plant better
suited for production and marketing
in containers than fresh-cut hydro-
ponic herb production. Although cul-
tivars such as ‘Italian Large Leaf’ and
‘Mrs. Burns Lemon’ were tall, they
had shorter internode lengths and
either greater branching or larger
leaves resulting in a plant well suited
for hydroponic production. This study
used a single harvest production
scheme. Morphological characteristics,
such as branching, may differ in pro-
duction schemes were shoots are har-
vested multiple times.

In addition to the parameters
measured, some cultivars have other
unique characteristics that may be
desirable to producers. For example,
‘Cardinal’ has a lower fresh yield, but
was selected for its ornamental
flowers (Dudai et al., 2002). In addi-
tion, ‘Nufar’ not only produces greater
yields thanmost cultivars studied, but is
also resistant to fusarium wilt (Fusa-
rium oxysporum f.sp. basilicum), a com-
mon problem in basil production
(Dudai et al., 2002). This comprehen-
sive review of cultivars in hydroponic
systems facilitates cultivar selections
that fit the goals of the grower.

Conclusions
Though there are differences

between NFT and DFT systems,
cultivar has a larger impact on the
fresh yield of basil. Therefore, hydro-
ponic basil producers should choose
production systems not only on yield
but also on operational preferences,
although cultivars should be selected
based on flavor, habit, and yield.
Production system and cultivar per-
formance may vary across different
locations, greenhouse environments,
and cultural practices. Growers are
urged to conduct on-site trials to
determine performance under their
production practices.
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