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No dish would be complete without a dash of this or a sprig of that. Herbs and
spices are what give food its zest and flavor and generally make life worth living.
But Americans have voted with their palates, and we now know which herb is
the most popular of all, despite being very divisive indeed.

In its most recent blog post, Instacart revealed the results of a survey
investigating Americans’ herb and spice preferences. The survey (conducted by
The Harris Poll on behalf of Instacart) compiled polling data of 2,049 U.S.
adults from May 23-25 and looked at Instacart purchase data from all of 2022.
Which herb or spice ranks at the very top of the list? To some it might taste of
suds, but to others, no bowl of guacamole should ever go without it. That’s right,
cilantro is the most popular herb in the country.

Related Content

America’s favorite herbs and spices, according to
Instacart
To determine relative popularity, Instacart took the number of orders
containing each of the most common herbs and spices and divided it by the
total number of Instacart orders that contained any herb or spice in 2022. This
resulted in a list of the top 10 dried and fresh herbs and spices sold via
Instacart. Here is the full list, beyond cilantro:

Why cilantro is a divisive herb
As aromatic and flavor-enhancing as this author considers cilantro to be, the
herb doesn’t jive with every eater’s preferences. Instacart’s survey found that
35% of people love cilantro and believe it tastes refreshing, while 13% dislike or
even hate the herb. Plus, among those who hate the taste of cilantro, 65% find
its aroma equally bad, with 33% saying cilantro smells and tastes like soap.

For some unfortunate part of the population, cilantro really does taste like soap.
Back in 2021, Chipotle played on this fact and came out with a cilantro soap
after stirring up some lively debate online with a mockup of the soap as a joke.
After bringing the joke to life, the cilantro-scented bar sold out quick.

Though I appreciate its fragrance, cilantro can be a tricky herb to deal with. For
starters, I hate the large bushels cilantro comes in at the grocery store. The
problem there is that many recipes only call for a small amount of cilantro,
which means the rest gets stored away in the refrigerator and ends up rotting.
However, if you do manage to get your hands on just the right amount, cilantro
can be so delicious in a number of ways: in a dressing, in a fresh salad, in a
batch of guacamole, or even just garnishing a taco.

Whatever your feelings about cilantro might be, the Instacart numbers show us
something important: not everyone has to like you for you to come out on top.
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America’s Most Popular Herb Is Also the Most
Divisive
Cilantro might wear the crown, but it has plenty of haters. Just ask Instacart.

By Angela L. Pagán Published June 16, 2023 Comments (51)
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Chipotle’s cilantro soap is already sold out

Damrak VirGin, a spirit-free spirit, makes a mean Mumbai Mule

Cilantro (use it to whip up a batch of Cilantro Ranch Dressing)

Dried garlic (perfect for making imitation Papa Johns garlic sauce)

Flat-leaf parsley (use in an easy gremolata or chimichurri)

Dried onion (found in everything bagel seasoning)

Cinnamon (make our brown butter cinnamon rolls!)

Thyme (a secret weapon in mushroom pasta)

Ground paprika (you deserve some chicken paprikash)

Dried basil (pizza sauce’s best friend)

Dill (for all your pickling needs)

Chili powder (not just for chili, but also Doritos powder)
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Many herb species can be direct 
sown into pots.

This is often the preferred method 
for some of the most common herbs 

such as basil, dill, parley, oregano

Direct sowing reduces labor costs 
compared to transplanting plugs, 
plug costs and is considered most 

when seed cost is cheap.

In general, 5-25 seed are sown per 
pot (4-8” pots).

Herb seed have a broad 
temperature range for germination, 
however, most seed are germinated 

in media maintained at 68-78oF.

Use frost cloth to shade (in summer) 
or retain heat (winter/early spring).
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Many herbs are easily propagated by cuttings.  Cutting propagation 
can reduce production time, allow for propagation of desirable 
unlicensed herbs and is especially profitable when cuttings are 

harvested from your own production and direct stuck.
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Purchasing liners 
is another option.

Consider treating 
liners with 

sprays/drenches 
to control height, 

pests and diseases 
BEFORE you plant 
into the finished 

containers.
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Must haves. . . . 
• Overhead watering
– By hand is possible with callused cuttings
– By hand is also possible when cuttings are covered 

with frost cloth or shade
– An overhead sprinkler/boom system allows for rooting 

a wide variety of callused and un-callused cuttings.
• Heat!
– Ideally media temperatures are maintained at 70-76F 

just like a liner (72-75F optimal).
• Reduced Light
– Ideally reduce light to <1000-1500 footcandles.
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Herbs that can be readily propagated 
from cuttings

• Oregano (SD; 10 hr)
• Spearmint (SD; 10 hr)

• Peppermint (SD; 10 hr)
• Tarragon (LD, NI Lighting)

• Sage (LD; NI lighting)
• Rosemary (Warm; 74F)
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NI                DE (+25)      DE (+50)     DE (+100)

8 h             8h (+25)       8 h (+50)   8 h (+100)

Long Days

Short Days

Effect of Daylength and Supplemental Lighting on Dill 
‘Mammoth’ Flowering

11

Tarragon MUST be grown under long days.  Consider interrupting the night (10 pm 
– 2 am) with night interruption lighting (10 footcandles) prior to March 21.

12
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recorded. Three weeks after placing plants
into temperature treatments, chlorophyll
fluorescence of five plants per treatment per
replication was measured on the adaxial
surface of the most fully expanded leaf using
a chlorophyll fluorescence meter (Plant Effi-
ciency Analyzer; Hansatech Instruments

Ltd., Norfolk, UK). Using the manufacturer’s
clip, leaves were dark-acclimated for 15 min
before measurements were taken. Fluores-
cence was measured by opening a shutter in
the dark-acclimating clip and exposing the
leaf to red light (peak wavelength of 650 nm
at 3000 mmol·m–2·s–1) for 5 s to saturate

photosystem II (PSII). Chlorophyll fluores-
cence was expressed as Fv/Fm. Then, plant
height from the substrate surface to the top
vegetative node (excluding the inflorescence,
if present), number of branches (>2.5 cm),
and number of plants flowering or with a
visible bud were recorded for 10 plants per
treatment per replication, and the percentage
of reproductive plants was calculated. The
number of nodes with expanded leaves was
counted, and node appearance rate was cal-
culated (node number/time to harvest) on
nonreproductive species. Plants were then
severed at the substrate surface, weighed
immediately, and shoot fresh weight (includ-
ing flowers and flower buds, if present) was
recorded. Shoots were then placed in a
forced-air drier maintained at 67 !C for 3 d,
then weighed; dry weight was recorded.
Fresh and dry weight gain was obtained by
subtracting the initial weight of representa-
tive seedlings from the final weight and
dividing the increase in fresh and dry weight
by time to harvest (3 weeks).

Experimental design and statistical
analyses. The experiment was organized in
a randomized complete block design. The
experiment was replicated three times over
time and, for each replication in time, there
was a single replication (growth chamber) for
each temperature with 10 plants of each
cultivar per temperature treatment. Data were
analyzed using Sigma Plot version 12.3
(Systat Software Inc., San Jose, CA) for
regression analyses using one replication
(mean of 10 plants) as one data point.

Results

Sweet basil, lemon basil ‘Sweet Dani’,
lemon basil ‘Lime’, and holy basil fresh
weight gain increased by 1.44, 1.22, 1.04,
and 1.04 g·d–1, respectively, as temperature
increased from 10.9 to 29.1 !C, then de-
creased by 0.27, 0.20, 0.16, and 0.33 g·d–1,
respectively, as temperature further increased
to 34.8 !C (Fig. 1). Estimated Tb for fresh
mass for these cultivars was 11.3, 11.6, 12.1,
and 10.9 !C, respectively. Similarly, dry
weight gain of all species increased linearly
from!11 to!29 !C, then decreased (Fig. 2).
Dry weight gain increased by 0.14, 0.13,
0.12, and 0.11 g·d–1 as air temperature in-
creased from 10.9 to 29.1 !C for sweet basil,
lemon basil ‘Sweet Dani’, lemon basil
‘Lime’, and holy basil, respectively (Fig. 2),
then decreased (by 0.03, 0.04, 0.02, and 0.04
g·d–1, respectively) as temperature further
increased to 34.8 !C. Estimated Tb for dry
weight gain of sweet basil, lemon basil
‘Sweet Dani’, lemon basil ‘Lime’, and holy
basil was 11.1, 11.6, 12.0, and 11.1 !C,
respectively.

The percentage of plants with flowers or
flower buds increased from 14% (holy basil)
and 0% (lemon basil ‘Sweet Dani’ and
‘Lime’) at 10.9 !C to 100% at 23.1 !C, then
the percentages stayed the same or decreased
as temperature increased further (Figs. 3 and
4). Sweet basil remained vegetative at every
temperature (Fig. 4). The node appearance of

Fig. 4. (A) Sweet basil (O. basilicum ‘Nufar’), (B) lemon basil ‘Sweet Dani’ (O. basilicum), (C) lemon
basil ‘Lime’ (O. ·citriodorum), and (D) holy basil (O. tenuiflorum) plants grown at different air
temperatures for 3 weeks.
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sweet basil increased from !11 to !29 !C
(for example, 0.27 node/d was observed as
air temperature increased from 10.6 to
28.9 !C), then decreased as temperature
increased to more than !29 !C (Fig. 5).
The calculated Tb for node appearance rate
was 8.2 !C.

Height increased as temperature increased
from !11 to !23 !C (for lemon basil ‘Lime’
and holy basil) or to !29 !C (for sweet basil
and lemon basil ‘Sweet Dani’), but then
plateaued or decreased as temperature in-
creased further to !35 !C (Fig. 6). For
example, lemon basil ‘Lime’ and holy basil
height increased by 15.8 and 16.4 cm, re-
spectively, as temperature increased from
10.6 to 22.2 !C. The height of sweet basil
and lemon basil ‘Sweet Dani’ increased by

23.4 and 30.7 cm as temperature increased
from 10.6 to 28.9 !C, then decreased by 6.8
and 7.9 cm, respectively, as temperature
increased further to 35.3 !C.

At 10.6 !C, sweet basil had internode
lengths 1.6 cm shorter than plants grown at
28.9 !C (Fig. 7). However, as air temperature
increased to 35.3 !C, internode length de-
creased by 0.7 cm. Internode length of lemon
basil ‘Lime’ and holy basil increased by 1.4
cm as air temperature increased from 10.6 to
22.2 !C. However, internode length de-
creased by 0.4 and 0.7 cm as temperature
further increased to 35.3 !C. Lemon basil
‘Sweet Dani’ internode length decreased
from 3.6 cm to 1.7 cm as temperature in-
creased from 11.6 to 18.3 !C, then increased
to 3.9 cm at 21.1 !C. As temperature in-
creased further to 34.8 !C, internode length
decreased to 2.9 cm.

Sweet basil had no branches when
grown at !11 to !17 !C, after which
branch number increased by up to 9.3
branches as temperature increased to
!35 !C (data not shown). As air tempera-
ture increased from 11.6 to 27.5 !C, lemon
basil ‘Sweet Dani’ branch number in-
creased from 0 to 11.3 branches. Lemon
basil ‘Lime’ branch number increased from
0 to 15.0 branches as temperature increased
from 11.6 to 34.8 !C, whereas holy basil
branch number increased from 0 to 11.6
branches as air temperature increased from
11.6 to 21.1 !C, then branch number pla-
teaued.

Sweet basil and lemon basil ‘Lime’ Fv/Fm
increased from 0.49 to 0.84 and 0.51 to 0.84,
respectively, as air temperature increased from
10.9 to 23.1 !C (Fig. 8), whereas lemon basil

‘Sweet Dani’ and holy basil Fv/Fm increased
from 0.61 to 0.80 and 0.60 to 0.81, respec-
tively, as temperature increased from 10.9 to
16.8 !C. After increasing to !17 or !23 !C,
Fv/Fm values for all species plateaued.

Discussion

The results presented here provide a
comprehensive evaluation on the effects of
air temperature on growth and development
of four basil species. Our sweet basil results
have a similar trend as those from Chang
et al. (2005) and Mortensen (2014), although
they differ in respect to magnitude. In the
work by Chang et al. (2005), after 1 week of
temperature treatments, the fresh and dry
weight of sweet basil increased by 27% and
29%, respectively, as temperature increased
from 15 to 25 !C. Our models showed in-
creases of 272% and 276%, respectively,
after 3 weeks of growth. Mortensen (2014)
reported the fresh weight of sweet basil
increased by 106% as temperature increased
from 18 to 26 !C, whereas our models
predicted a 120%, 124%, 135%, and 112%
increase in sweet basil, lemon basil ‘Sweet
Dani’, lemon basil ‘Lime’, and holy basil,
respectively, across the same temperature
range. In contrast, Chang et al. (2005) found
no differences in weight between plants
grown at 25 and 30 !C and, although the air
temperatures were different, our results
showed a 51% and 52% increase in fresh
and dry weight of sweet basil, respectively, as
temperatures increased from 23 to 29 !C,
followed by a decrease as temperature in-
creased to !35 !C. Similar to our findings,
Caliskan et al. (2009) determined relative
growth rate of sweet basil increased as
temperature increased up to 28 !C, then
decreased. However, Caliskan et al. (2009)
defined relative growth rate as the growth rate
per unit leaf area per day multiplied by the
leaf area of the plant divided by its total dry
weight, whereas we calculated the fresh and
dry weight gain. Chang et al. (2005) found
that basil node number increased by 14% as
temperature increased from 15 to 25 !C, with
no effect by increasing temperature further to
30 !C. Similarly, in our study, the node
appearance rate of sweet basil increased as
temperature increased up to 29 !C, then
decreased as temperature increased to
35 !C, whereas the predicted increase from
15 to 25 !C was 151%. Mortensen (2014)
highlighted a 125% increase and Chang et al.
(2005) reported a 27% increase in sweet basil
height as temperature increased from 18 to
26 !C or from 15 to 25 !C, respectively.
Similarly, our results predicted an increase in
height of 51% and 114% as temperature
increased from 18 to 26 !C and from 15 to
25 !C, respectively. When increasing tem-
perature from 25 to 30 !C, Chang et al. (2005)
reported no differences in plant height;
whereas in our research, as temperature in-
creased from 29 to 35 !C, height decreased.

In our study, increasing temperature up to
!17 to !23 !C increased the number of
plants with flowers or buds in ‘Sweet Dani’

Fig. 5. Influence of air temperature on node
appearance of sweet basil (Ocimum basilicum
‘Nufar’). Data were collected 3 weeks after
transplanting. Each symbol represents the
mean of 10 plants in one growth chamber. Data
at !35 !C were not included in regression
equation. ***Significant at P # 0.001.

Fig. 6. Influence of air temperature on the height of (A) sweet basil (Ocimum basilicum ‘Nufar’), (B) lemon
basil ‘Sweet Dani’ (O. basilicum), (C) lemon basil ‘Lime’ (O. ·citriodorum), and (D) holy basil (O.
tenuiflorum). Data were collected 3 weeks after transplanting. Each symbol represents the mean of 10
plants in one growth chamber. ***Significant at P # 0.001.
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Photosynthesis and Light 
Response Curves

• There is a minimum 
amount of light a 
plant needs to just 
maintain itself (light 
compensation 
point)

• Photosynthesis 
increases as light 
intensity increases 
and then levels off, 
or ‘saturates’.
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similar number of internodes (data not pre-
sented). The plant widths responded faster to
DLIs than plant height, with visible differ-
ence after 1-week DLI treatment, whereas it
took 2 weeks for plant height to show
difference among treatments. On D21, the
plant height was the greatest for treatments
DLI 12.9, DLI 16.5, and DLI 17.8 (22.1, 23.3,
and 23.0 cm, respectively), followed by DLI
11.5 (20.2 cm), and was the lowest for DLI
9.3 (17.4 cm). Although the plant widths
showed visual differences earlier than the
height, the differences among five DLI treat-
ments were small (Table 2).

Basil plants grown under higher DLIs had
larger and thicker leaves, as well as greater
branch height and widths (Table 3). With the
same number of leaves, the leaf area per plant
for treatment DLI 17.8 was 51% and 35%
higher than that for treatments DLI 9.3 and
DLI 11.5, whereas its specific leaf area (leaf
area per unit leaf DW) was 30% and 21%
lower, respectively. Lower specific leaf area
under higher DLIs indicated that the thick-
ness of basil leaves increased as DLIs in-
creased. In addition to plant height and
widths, the branching of basil was also
positively correlated with DLIs. There were
two pairs of fully expanded leaves for the first
branch of basil plants grown under treatments
DLI 12.9, DLI 16.5, and DLI 17.8, whereas
only one pair of fully expanded leaves for
treatment DLI 9.3 (data not presented), which
contributed to increased branch height and
widths under higher DLIs (Table 3).

Plant growth and yield of basil under
different DLIs. The highest shoot FW per
plant was observed in treatments DLI 12.9,
DLI 16.5, and DLI 17.8 (20.2, 23.4, and 23.3 g,
respectively), followed by DLI 11.5 (15.7 g),
whereas DLI 9.3 (13.1 g) exhibited the lowest
value (Fig. 2A). The fresh leaf and stem
weight had the similar trend as fresh shoot
yield, whereas the root FW per plant was the
highest in treatments DLI 16.5 and DLI 17.8,
followed by DLI 12.9, then DLI 11.5, and
was the lowest in DLI 9.3. The leaf DW per
plant was more sensitive to DLIs than leaf

FW, and significant difference was observed
among treatments DLI 12.9, DLI 16.5, and
DLI 17.8 (1.22, 1.58, and 1.55 g, respec-
tively) (Fig. 2B). The shoot DW per plant had
a similar pattern with leaf DW, whereas shoot
DW per plant in DLI 17.8 was more than 2-
fold than that in DLI 9.3. The shoot FW and
DW per plant were both positively correlated
with DLIs at the time of harvest on D21, with
correlation coefficients of 0.86 and 0.88,
respectively (Fig. 3A). The shoot dry matter
percent of basil was also positively influ-

enced by DLIs, ranging from 6.7% to 9.2%
(Fig. 3B).

Nutritional quality of basil leaves under
different DLIs. The soluble sugar percent,
total phenolic concentration, and total flavo-
noid concentration of basil leaves increased
with DLIs and were 52%, 35%, and 85%
higher in treatment DLI 17.8 compared with
DLI 9.3, respectively (Table 4). There was no
difference for anthocyanin concentration
among different DLIs, ranging from 2.60 to
2.82 mg·100 g–1 leaf FW (Table 4). The

Table 2. Plant height and width of ‘Improved Genovese Compact’ sweet basil on 1, 7, 14, and 21 d after transplanting at different daily light integrals (DLIs) in
indoor controlled environment.

Treatment

Day 1 Day 7 Day 14 Day 21

Ht (cm) Width (cm) Ht (cm) Width (cm) Ht (cm) Width (cm) Ht (cm) Width (cm)
DLI 9.3 3.9 az 5.1 a 5.3 a 7.7 b 10.1 b 10.2 b 17.4 c 12.5 b
DLI 11.5 3.8 a 5.4 a 5.5 a 7.8 b 12.1 a 10.5 ab 20.2 b 13.0 ab
DLI 12.9 4.0 a 5.2 a 6.1 a 8.3 ab 12.7 a 10.9 a 22.1 a 12.8 ab
DLI 16.5 3.7 a 4.9 a 6.0 a 8.1 ab 12.9 a 11.0 a 23.3 a 13.0 ab
DLI 17.8 3.8 a 5.1 a 6.3 a 8.6 a 13.0 a 10.8 a 23.0 a 13.4 a
zMeans followed by the same letters are not significantly different within a column, according to Student’s t mean comparison (P < 0.05).

Table 3. Leaf area per plant, specific leaf area, and first branch height and width of ‘Improved Genovese Compact’ sweet basil grown for 21 d at different daily
light integrals (DLIs) in indoor controlled environment.

Treatment Leaf area per plant (cm2/plant) Specific leaf areaz (cm2·g–1, DW) Ht of first branch (cm) Width of first branch (cm)
DLI 9.3 406 by 518 a 2.9 c 3.8 b
DLI 11.5 454 b 480 ab 4.5 b 5.0 a
DLI 12.9 560 a 462 b 5.4 ab 5.7 a
DLI 16.5 609 a 389 c 6.2 a 5.7 a
DLI 17.8 614 a 398 c 6.3 a 5.9 a
zSpecific leaf area = leaf area per unit leaf dry weight (DW).
yMeans followed by the same letters are not significantly different within a column, according to Student’s t mean comparison (P < 0.05).

Fig. 2. Leaf, stem, shoot, and root fresh weight (A) per plant and dry weight (B) per plant of ‘Improved
Genovese Compact’ sweet basil grown for 21 d at different daily light integrals in indoor controlled
environment. Means with the same letters within a group are not significantly different according to
Student’s t mean comparison (P < 0.05).
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Growth and Development of Basil
Species in Response to Temperature
Kellie J. Walters and Christopher J. Currey
Department of Horticulture, Iowa State University, 106 Horticulture Hall,
Ames, IA 50011

Additional index words. average daily temperature, Ocimum basilicum, O. 3citriodorum, O.
tenuiflorum

Abstract. Basil (Ocimum sp.) is the most popular fresh culinary herb, but the effects of air
temperature on growth and development of basil have not been well characterized. Our
objective was to quantify the effects of air temperature on growth and development of
three basil species. Seedlings of sweet basil (Ocimum basilicum ‘Nufar’), holy basil (O.
tenuiflorum), and lemon basil (O. 3citriodorum ‘Lime’ and O. basilicum ‘Sweet Dani’)
were placed in five different growth chambers with target air temperatures of 11, 17, 23,
29, or 35 8C. After 3 weeks, chlorophyll fluorescence (Fv/Fm), plant height, node and
branch number, fresh and dry weight, and flowering data were recorded. For all species,
Fv/Fm increased as temperature increased to 17 or 23 8C, then plateaued, whereas height
increased with temperature to 23 or 29 8C. Also, the percentage of plants with flowers or
flower buds increased with temperature to 17 or 23 8C for all species, with the exception
of sweet basil, of which all plants were vegetative and node appearance rate was
calculated. Sweet basil node appearance increased from 0.03 to 0.30 node/day as the
temperature increased from 11 to 29 8C. Fresh weight gain increased with increasing
temperature to 29 8C, but then decreased at 35 8C. Data from plants grown within the
linear air temperature range were used to develop models for calculating the base
temperature (Tb) and predicting growth in response to air temperature. These models
can be applied by commercial producers to schedule crops and predict yields.

Basil (Ocimum sp.) is a commonly culti-
vated herb with !64 species identified
(Tucker and DeBaggio, 2009). Although
basil is used in several ways, including for
essential oil production, as an ornamental
plant in landscapes, and as a cut flower, it is
used most popularly as a culinary herb (Dole
and Wilkins, 2005; Morales and Simon,
1996; Morgan, 2005; Simon et al., 1999;
Wogiatzi et al., 2011). Culinary basil is
commonly grown outdoors, but in colder
climates, year-round hydroponic and potted
production in greenhouses are used (Resh,
2013; Walters and Currey, 2015).

Crop scheduling is used in greenhouses to
optimize production time, thus maximizing
efficiency and allowing producers to grow
plants for specific market dates. Several
factors influence the growth and develop-
ment of plants, and the primary determinant
of plant development is temperature (Lopez
and Runkle, 2004; Moccaldi and Runkle,

2007). Temperature is commonly manipu-
lated by producers and is dependent on many
factors, including the crop finishing date,
desired size and quality, crop production
stage, cost of heating systems and fuel,
environmental controls, time of year, and

greenhouse type and location. Although
greenhouse temperatures fluctuate through-
out the day, plants are able to integrate the
temperature and, thus, average daily temper-
ature (ADT) is used to describe the effects of
temperature on plants. The ADT is the
average temperature during a 24-h period
and it primarily controls the rate of plant
development (Blanchard and Runkle, 2011).
Tb is the temperature less than which plant
development ceases. As temperatures in-
crease above Tb, the rate of development
increases to a maximum value at the optimal
temperature (Topt). As temperatures increase
to more than Topt, the rate of development
decreases until a maximum temperature
(Tmax) is reached, greater than which plants
stop developing and may die (Roberts and
Summerfield, 1987). Although plant

Table 1. Average (mean ± SD) air temperature for
basil grown at five different air temperatures in
environmental growth chambers for 3 weeks.

Replication Target temp (!C) Actual temp (!C)
1 11 11.6 ± 0.6

17 18.3 ± 1.7
23 21.1 ± 0.9
29 27.5 ± 1.7
35 34.8 ± 2.5

2 11 10.6 ± 1.8
17 15.5 ± 2.2
23 22.2 ± 1.7
29 28.9 ± 1.6
35 35.3 ± 1.8

3 11 10.9 ± 1.0
17 16.8 ± 0.6
23 23.1 ± 0.6
29 29.1 ± 0.6
35 34.8 ± 0.7

Fig. 1. Influence of air temperature on fresh weight gain of (A) sweet basil (Ocimum basilicum ‘Nufar’),
(B) lemon basil ‘Sweet Dani’ (O. basilicum), (C) lemon basil ‘Lime’ (O. ·citriodorum), and (D) holy
basil (O. tenuiflorum). Data were collected 3 weeks after transplanting. Each symbol represents the
mean of 10 plants in one growth chamber. Data at !35 !C were deemed superoptimal and therefore
were not included in the regression analysis. ***Significant at P # 0.001.
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Plants elongate the most at the end of the night and the beginning of 
the day.
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Sealing up gaps lowers CO2

In 1 hour, CO2 can drop to:

370 in low light 
  or small plants

340 in medium light 
  or medium plants

310 in high light 
  or large plants
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Reduced leakage can 
lead to lower CO2
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Effect of increasing irradiance 
(0 to 1200 umol m-2 s-1; 400 

ppm CO2, 23C) or b) 
increasing CO2 (50 to 1200 

ppm; 400 umol m-2 s-1; 23C) 
on beet, broccoli raab, 
nasturtium, peat shoot, 
watercress, crinkly cress, 

sorrel, arugula, and collard 
photosynthetic rate. 
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Impact of Hydroponic Solution Temperature on Cilantro Growth
Day/night temperature = 72/63oF.
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Hydroponics Solution Temperature Effects on Herb 
Stem-Leaf Fresh Weight
Day/night temperature = 72/63oF.
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Romaine lettuce 
photosynthetic rate 

has an optimal 
vapor pressure 

deficit between 0.8 
and 1.2 when light 

intensity is 300 
umol m-2 s-1 (1500 

footcandles).
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survival.
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Recommended Fertilizers

• Consider using fertilizers that are lower in 
phosphorus (middle number) and higher in 
the nitrate form of nitrogen:

– 13-2-12
– 15-0-15
– 15-5-15
Fertilize (generally 100-200 ppm N) to reach the 
optimal EC.

38

2.0  a     3.5 a       8.9 b      12.9  d  
   

    9.7 bc     9.9 bc   11.7 cd   10.9 bcd        10.3 bc  
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Herbs have an optimal EC that appears to range between 
1 and 1.5 with many species.
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Postharvest

41

REDUCEDIRRIGATIONSUPPLYTOCULINARYHERBS

INCREASEDESSENTIALOIL
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SHELFLIFE

Л
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ANTHOCYANINS

Water stress approx. 2 weeks prior to sales/shipping can 
increase flavor and postharvest life of potted herbs.  Water 

stress is defined as till wilt.
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µmoles.m-2.s-1 in the manner described above starting on the
day of planting. The infected plants in the left row served as
inoculum source. The left row was evacuated and new,
healthy10-leaf plants were planted on July 1, 2013 for the third
experiment. Plants were illuminated with light intensity of 10
µmoles.m-2.s-1. Spores donated by the infected plants growing
in the middle and right rows served as a source of inoculum for
the left row.

Statistics
Growth chamber studies were repeated three times or more

and net-house experiments were done three times. One way
analyses of variance were employed with JMP software and
means were separated by using Turkey-Kramer HSD analysis
with α=0.05. Means which were not connected with the same
capital letter were significantly different.

Results

Time course of sporulation
Emergence of sporophores from stomata of infected leaves

started at 4 hours after placing theleaves in a humid
atmosphere (100% RH) in darkness. Sporophores showed
branching at 6h. Spores developed on sporophores at 7.5
hours and reached their maximal number (about 140×103/cm2)
at 11h (Figures 1 and 2).

Figure 1.  Sporulation of Peronospora belbahrii on intact
basil plants as a function of time.  Four-leaf plants were
inoculated with isolate Rehov 1 and at 9 dpi were placed at in a
dew chamber at 18°C in the dark. At the indicated time
intervals, five plants were removed and one 11 mm diameter
leaf disc was taken from leaf 3 and one from leaf 4 of each
plant, placed in 50% ethanol solution and the number of spores
counted.
doi: 10.1371/journal.pone.0081282.g001

Effect of light on sporulation
Sporulation on the lower leaf surface of detached leaves was

strongly suppressed by CW light at intensity of 6, 21, or 35
µmole.m2.s-1, regardless of whether the lower or upper surface
of leaves faced the light (Figure 3a-h). At the lowest light
intensity of 2 µmole.m2.s-1, inhibition of sporulation was partial,
more so when the upper surface was exposed to light (Figure
3a,f). At ≥6 µmole.m2.s-1, sporulation was totally inhibited
(Figure 3a,b,d,g,h). Fluorescent microscopy revealed that while
dichotomously branched sporophores with abundant spores
were formed in the dark (Figure 3c,e), abnormally-branched
sporophores, with no spores, were formed under light
conditions (Figure 3d,g,h).

The inhibitory effect of light was restricted to the illuminated
area of the leaf. Profuse sporulation occurred in the round
areas of the leaf that were darkened by test tube covers, but
not around them (Figure 4) suggesting that no soluble inhibitor
has translocated from the illuminated zone to the dark zone.

The interaction effect of light and temperature on
sporulation

Our data support previous research conducted with other
Peronosporales showing that light inhibits sporulation at ≥15°C.
The data provided here corroborate with those results. Light

Figure 2.  Microscopy of sporulation of Peronospora
belbahrii on intact basil plants in a dew chamber at 18°C in
the dark as a function of time (see Figure 1 for
details).  Leaf discs were mounted on a glass slide, treated
with 0.01% calcofluor and examined with an Olympus-A70
epifluorescent microscope. Bar= 200 µm .
doi: 10.1371/journal.pone.0081282.g002

Control of Peronospora belbahrii by Light

PLOS ONE | www.plosone.org 3 November 2013 | Volume 8 | Issue 11 | e81282

Downy mildew is the largest problem is basil production.  
Downy proliferates under cool and wet conditions.  
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was strongly inhibitory to sporulation of P. belbahrii in leaves
incubated at 15-27°C but not in leaves incubated at 10°C
(Figure 5). Epifluorecent micrographs showed branched
sporophores bearing spores at 10°C, but only sporophores at
15-25°C (Figure 6).

The effect of light quality on sporulation
Led light sources with narrow emission spectra were used

(Figure 7). Leaves were exposed to light under moist
conditions at 20°C with their lower or upper surface faced to
light, and sporulation was quantified at 20h. Results are

presented in Figure 8. Red light was most inhibitory, whereas
blue light was least inhibitory, regardless of the leaf surface
facing light (Figure 8a-c). Illumination with 10 µmole.m2.s-1 was
more inhibitory than illumination with 5 µmole.m2.s-1.
Percentage inhibition, relative to dark control, induced by blue,
green or red light of 10µmole.m2.s-1 applied to the lower surface
was 39.6, 77.1 and 99.7%,respectively (Figure 8c).
Incandescent light, which includes red and near infrared light,
was almost fully inhibitory at 3.5 µmole.m2.s-1, regardless of the
leaf surface exposed to light (Figure 8d).

Figure 4.  The local inhibitory effect of light on sporulation of Peronospora belbahrii on detached basil leaves.  Opaque
plastic caps of 21 mm diam. were placed on infected basil leaves laid on moist filter paper inside 14 cm Petri dishes. Plates were
incubated at 20°C under CW fluorescent light of 35 µmol.m2.s-1. Caps were removed after 20h. Sporulation occurred only
underneath the caps.
doi: 10.1371/journal.pone.0081282.g004

Figure 5.  The interacting effect of light and temperature on sporulation of Peronospora belbahrii on detached basil
leaves.  Infected basil leaves were laid on a moist filter paper inside 14 cm Petri dishes, and incubated at 6 temperatures from 10°C
to 27°C for 20h in the dark or under CW fluorescent light of 21 µmol.m2.s-1. (a) Visual estimation of sporulation intensity (b) Number
of spores per cm2 (one 11 mm diameter leaf disc was taken from each leaf, placed in 50% ethanol and the number of mature spores
counted) Sporulation values under light are significantly lower compared to values in darkness, except at 10°C.
doi: 10.1371/journal.pone.0081282.g005
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Figure 3.  The inhibitory effect of light on sporulation of Peronospora belbahrii on detached basil leaves.  Infected basil
leaves were laid on a moist filter paper inside 14 cm Petri dishes, with their lower or upper leaf surface facing upwards, and
incubated at 20°C for 20h in the dark or under CW fluorescent light of 2, 6, 21, or 35 µmol.m2.s-1. Images were captured with
Oxioimager-Z1 (c-d) or Olympus A70 (e-h) epifluorescent microscopes. (a) Sporulation intensity on the lower leaf surface. Profuse
sporulation occurred in the dark while no sporulation occurred under light, except at 2 µmol.m2.s-1. (b) sporulation on infected basil
leaves incubated in the dark but not on leaves incubated under CW fluorescent light of 21 µmol.m2.s-1. (c-h) Fluorescent
micrographs showing heavy sporulation in the dark (c,e) compared to sporophores bearing no spores under light of 6, 21, or 35
µmol.m2.s-1 (d.g,h). Note the formation of spores at 2 µmol.m2.s-1 (f).
doi: 10.1371/journal.pone.0081282.g003
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Fig. 2. Broccoli microgreens images (A), fresh weight (B), dry matter (C) and total calcium content (D) on harvest day (10 d after seed sowing). Ten day old seedlings were
harvested by cutting above the root with sterilized scissors, and microgreen fresh weight and dry matter from one kilogram seeds were measured as kg kg−1. Total calcium
content was measured from 0.1 kg microgreens based on fresh weight. Data presented are the means of four replications. Different letters (a and b) indicate significant
differences between treatment means at ˛ = 0.05.

(P < 0.001) decrease in EL among all treatments except for 1 mM calcium from 0
to  4 DPH (Fig. 5A) probably due to tissue damage incurred to stems during har-
vesting, followed by a period of recovery. A similar phenomenon was  found for
buckwheat microgreens and edible flowers (Kou et al., 2012, 2013). Already, by

d 4, EL for 10 mM calcium treatment was significantly lower (P < 0.001) than that
of  other treatments and remained lower through the end of storage (P < 0.01).
Electrolyte leakage increased to 34% by 21 DPH for microgreens that did not
receive calcium spray treatment. Microgreens that received 1 mM and 20 mM CaCl2

L. Kou et al. / Postharvest Biology and Technology 87 (2014) 70–78 75

Fig. 5. Tissue electrolyte leakage (A) and aerobic mesophilic bacteria (B) of broccoli
microgreens after 0, 4, 7, 14 and 21 d of storage at 5 ◦C. Data presented are the means
of four replications; vertical lines represent standard errors.

cell elongation. Cell elongation is influenced by external cues such
as light, temperature, and phytohormones such as auxin and gib-
berilic acids (Chapman et al., 2012; Collett et al., 2000; Kurepin
et al., 2012; Moll and Jones, 1981). Calcium has been shown to
affect cell elongation, too. However the exact role of calcium on
the cell elongation is controversial. On the one hand, calcium was
shown to inhibit cell elongation. This inhibitory effect was  initially
explained with a decrease in extensibility of the tissue due to the
consequence of bridging between pectic carboxy groups in the cell
wall, or the calcium inhibition of the biochemical wall-loosing pro-
cess (Cleland and Rayle, 1977). Recently, calcium was suggested to
inhibit hypocotyl elongation by destabilizing cortical microtubules
via regulating a microtube-destabilizing protein, MDP25 (Li et al.,
2011). On the other hand, calcium was shown to stimulate auxin
responsive gene expression, and promote cell elongation in wheat
(Singla et al., 2006). The calcium chelator EGTA and calcium chan-
nel blockers inhibited the auxin-induced cell elongation and auxin
responsive genes (Reddy et al., 1988). Our results indicate that cal-
cium effect on cell elongation is dosage dependent. Ten mM CaCl2
treatment exhibited the promotion of broccoli hypocotyl elonga-
tion. However, high doses of calcium application (20 mM CaCl2)
showed the adverse effect on hypocotyl growth. Calcium in cytosol
acts as a ubiquitous second messenger to regulate diverse cellu-
lar processes in plants by conveying signals received at the cell
surface to the inside of the cell through spatiotemporal concentra-
tion changes that are decoded by an array of Ca2+ sensors (Kudla
et al., 2010; Reddy, 2001; Yang and Poovaiah, 2003). At the nor-
mal  situation, cytosolic calcium concentration is well controlled
through calcium influx and calcium efflux mechanism in cell mem-
brane (White and Broadley, 2003). However, too much calcium
application could affect calcium influx/efflux balance, lead to the

Fig. 6. Catalase (A), superoxide dismutase (B) and peroxidase activities (C) of broc-
coli microgreens after 0, 4, 7, 14 and 21 d of storage at 5 ◦C. CAT, catalase; SOD,
superoxide dismutase; POD, peroxidase. Data presented are the means of four repli-
cations; vertical lines represent standard errors. Different letters (a and b) indicate
significant differences between treatment means at  ̨ = 0.05 on the same day.

uncontrolled cytosolic calcium concentration changes, and even-
tually cause cell damages. Further studies are needed to dissect
the molecular mechanism for calcium’s role in cell elongation and
damage.

Microgreens senesce rapidly after harvest and have a very
short shelf-life due to the sudden disruption of plant growth at
a very early stage. Rapid physiological, biochemical and molec-
ular changes have been shown to occur during leaf senescence
(Guo and Gan, 2012; Lim et al., 2007). Changes in gene expres-
sion patterns take place in the harvested tissue well before any
visible signs of senescence are observed. Senescence in plants
has been demonstrated to induce increased expression of certain
senescence-associated genes (Breeze et al., 2011; Guo and Gan,
2012; Li et al., 2012). Four typical senescence-associated genes
were selected for the expression studies during microgreen stor-
age. SAG12 encodes a Cys protease to degrade proteins, which
is expressed in senescent leaf tissue and broccoli florets during
storage (Page et al., 2001). BoGPX6 is a putative phospholipid
hydroperoxide glutathione peroxidase (Page et al., 2001) and likely
to have a role in protection against cell membrane damage resulted
from lipid peroxidation. BoCAT3 is a homolog of Arabidopsis catalase
AtCAT3, and highly expressed in old broccoli leaves and postharvest
florets (Page et al., 2001). Catalase is an antioxidase which con-
tributes to the degradation of H2O2 into water (Yang and Poovaiah,
2002). BoEIN3 is the EIN3 ortholog in Arabidopsis, a key gene
in ethylene signaling pathway which plays an important role in
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Reuveni et al., 1998

Fungicide

1% KH2PO4  (1.3 
oz/gal)

water

Weekly 
treatment 
with:

Powdery Mildew in 
pepper
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Most common Diseases/Pests

• Downy mildew (basil)
• Rhizoctonia

• Bacteria

• Aphids
• Mites
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Liner Treatments:

Cease
Sanidate

Altus
Beneficial insects
Other registered 

materials

49

Recommended Insecticides for Common Greenhouse Pests on Vegetables, Herbs, and Leafy Greens

Growers should use this as a resource. Growers should always read the labels of the insecticide that they plan to use since formulations or labels may change. Reference to commercial products or trade names does not imply endorsement by MSU Extension or bias against those not mentioned. Developed by Erica Hotchkiss, Dr. David Smitley, and Heidi Lindberg, Michigan State University. Last Updated: April, 2017.

Product Name Active ingredient

Formulation 

(%)

Oral LD50 

(mg/kg) Ornamentals Cabbage Cucumber Eggplant Garlic Leek Lettuce Mint Onion Peppers Squash Tomatoes Herbs Aphids

Fungus 

Gnats

Spider 

mites Whitefly Thrips

Acephate 97 acephate 97 688-1127
Actara thiamethoxam 25 >5000
Agri-Mek SC abamectin 8 300
Akari fenpyroximate 5 >5000
Ambush 25W permethrin 25 >5000
Asana XL esfenvalerate 8.4 458
Aza-direct azadirachtin 1.2 >5000
AzaGaurd azadirachtin 3 >5000
Azatin XL azadirachtin 3 4242
Baythroid cyflutrin 12.7 647-695
Beleaf 50SG flonicamid 50 >2000
Bifenthrin 2EC AG bifenthrin 25.1 >250
Bifenture EC bifenthrin 25.1 262
Botanigard ES Beauveria bassiana GHA 11.3 UND
Botanigard 22WP Beauveria bassiana GHA 22 >5000
Brigadier bifenthrin + imidacloprid 11.3 + 11.3 175
Citation cyromazine 75 4460
DiPel DF Bacillus thuringiensis 54 >5050 C C C C C C C C C C C C C

DiPel Pro DF Bacillus thuringiensis 54 >5050 C C C C C C C C C C C C C

Distance pyriproxyfen 11.23 4733
Flagship 25WG thiamethoxam 25 >5000
Floramite bifenazate 22.6 >5000
Gnatrol WDG Bacillus thuringiensis 37.4 >5000
Hexygon hexythiazox 50 >5000
Kontos 240 SC spirotetramat 22.4 >2000 T T T T T

Lambda-Cy AG lambda-cyhalothrin 11.4 81
Marathon II imidacloprid 21.4 4143 T T T T T

Marathon 60W imidacloprid 60 1858 T T T T T

Met52 (Tick-EX) EC Metarhizium anisopliae F52 11 >5000 Derm
M-pede potassium laurate 49 UND
Onager Miticide 1EC hexythiazox 11.8 >5000
Ornazin azadirachtin 3 >5000
Orthene 97 acephate 97 688-1127
Pedestal novaluron 10 >2000
Perm-Up 3.2 EC permethrin 36.8 1030
Pounce 25 WP permethrin 25 1100-5000
PyGanic EC 1.4 II pyrethrins 1.4 >2000
Pylon chlorfenapyr 21.4 567
Pyrenone pyrethrin + pidronyl butoxide 6 + 60 4500-4900
Pyrethrum piperonyl butoxide + pyrethrins 16 + 4 >5000
Safari 20 SG dinotefuran 20 >2000 T T T T T T T

Sanmite pyridaben 75 1930
Shuttle O acequinocyl 15.8 >5000
Suffoil-X aliphatic petroleum solvent 80 >5000
Sunspray mineral oil 98.8 >5000
Talus buprofezin 70 >5000
Tetrasan etoxazole 5 2600
Triact 70 clarified hydrophobic neem oil 70 >5000
Tristar acetamiprid 8.5 450 T T T T T T T T T

Up-Cyde 2.5 EC cypermethrin 30.6 355

Recommended Insecticides for Common Greenhouse Pests Herbs, Ornamentals and Vegetables Commonly Grown in Greenhouses on the Chemical Label

Common Greenhouse Pests and Recommended 

Insecticides

T = Transplants only, C = Caterpillar pests only
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Potted Herb 
Production

• Propagation
• Environmental Requirements

• Nutrition
• Diseases and Pests

• Other/New Areas
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University of Maryland Partners
• Maryland Nursery, Landscaper 

and Greenhouse Association
• Maryland Agriculture 

Experiment Station
• Floriculture and Nursery 

Research Initiative (USDA-ARS)
• Society of Allied Florists (AFE)
• Grower Partners:

– Altman Plants, Inc.
– Rocket Farms, Inc.
– Smith Greenhouses, Inc.
– Green Circle Growers, Inc
– Wagner’s Greenhouse
– Go Green Agriculture
– Plainview Greenhouses 

– SPECIAL THANKS TO Longwood 
Gardens!!
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www.plantgrower.org
entire presentation can be found here under 

‘Recent Presentations’ button

jerwin@umd.edu
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