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SummaRry. Hands-on activities are an essential part of horticulture education.
However, facilitating hands-on activities in online horticulture courses is challenging
partly due to a lack of literature that describes remote laboratories in the discipline.
Here we describe our experience planning and executing a remote strawberry-
growing activity in an online horticulture course at the University of Florida,
Gainesville. Students received strawberry-growing kits that contained a strawberry
(Fragaria X ananassa) plant, substrate, and fertilizer. Instructions on growing the
strawberry plant were delivered online and students had to provide weekly updates
about the status of their plant for 5 weeks. At the end of the semester, students
provided feedback about the hands-on activity in the form of an essay. Their
answers were analyzed using text mining to gauge their perception of the activity.
About 77% of students expressed positive sentiments about the remote activity
including excitement, enjoyment, and knowledge gain. Students who expressed
negative sentiments about the activity (=23% of the total) focused on plant
casualties and difficulties related to management practices. Overall, student essays
and weekly updates reflected a relevant and engaging cognitive exercise in
horticulture. Our results suggest that remote laboratories can improve the student
experience in online courses and provide a footprint for successful implementation
of similar activities in online horticulture courses.

niversities have been offering

online classes since the 1990s

(Volery and Lord, 2000).
The ability to meet diverse educa-
tional needs and reach distant loca-
tions has supported steady growth in
enrollment in these courses (De Brey
etal., 2021). For example, about one-
third of all undergraduate students
were taking online courses before
2020 (Zimmerman, 2020). However,
adoption of online education has not
been even among disciplines. Online
courses and academic programs in hor-
ticulture are still relatively rare. One of
the reasons for this lag in adoption is
that hands-on activities, laboratories,
and field trips (collectively called ex-
periential learning) are commonplace
in horticulture education but their
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implementation in online courses is
challenging. Experiential learning en-
hances the student experience (Lindsey,
2019; Nunez, 2020), promotes learn-
ing, and fosters skill development
(Craver and Williams, 2014; Fry et al.,
2021; St. Hilaire et al., 2009; Uchanski
etal., 2015). Thus, the quality of horti-
culture courses might suffer if online
education precludes or diminishes ex-
periential learning.

While instructors in other disci-
plines can use predesigned activities
available from commercial vendors
(Alvarez, 2021), horticulture instruc-
tors must plan and administer their
own remote hands-on activities. Unfor-
tunately, there is a lack of literature
to support this process. Examples of
successful hands-on activities for online
horticulture courses are absent from
the literature. Also absent are studies

that report the academic and personal
impact of hands-on activities in online
horticulture courses. Thus, scholarly li-
terature that highlights successfully ex-
ecuted, online hands-on activities can
support the adoption of experiential
learning in online horticulture courses.

Here we report our experience
planning and administering a remote
hands-on activity using strawberry
(Fragaria X ananassa) growing kits as
a part of an online horticulture course.
We also investigated student percep-
tion of this hands-on activity using a
text mining approach.

Materials and methods

This Institutional Review Board-
approved study (IRB 2020-01834)
was conducted in FRC 1010—Grow-
ing Fruit for Fun and Profit, during the
Spring 2020 and Summer 2020 semes-
ters. FRC 1010 is a fully online, gen-
eral interest undergraduate course at
the University of Florida, Gainesville.
This one-credit course focuses on fruit
crop biology and cultivation. There
were 144 students in FRC 1010 dur-
ing the Spring 2020 semester and 69
students during the Summer 2020
semester. About 80% and 63% of the
students were pursuing majors outside
of the College of Agricultural and Life
Sciences during spring and summer
semesters, respectively. These enroll-
ment figures are considered typical for
this course (Nunez et al., 2014, 2016).

A remote strawberry-growing
exercise was designed to increase stu-
dent engagement and reinforce topics
covered during lecture. We prepared
strawberry-growing kits that con-
tained a plastic pot (4-inch diameter),
40 mL (=4.05 g) of perlite, 0.47 L
(=110 g) of coconut coir, 10 g of
18N-2.62P-5.81K controlled-release
fertilizer (Florikan, Sarasota, FL), and
one strawberry plant. Bare-root straw-
berry runners were purchased from
a commercial nursery (Bob Wells
Nursery, Mineola, TX) and rooted in
72-cell trays (1.5 x 1.5 x 2.25 inches)
filled with a commercial propagation

Units
To convert U.S. to S, To convert Slto U.S.,
multiply by U.S. unit Sl unit multiply by
0.2366 cup(s) L 4.2268
29.5735 fl oz mL 0.0338
3.7854 gal L 0.2642
2.54 inch(es) cm 0.3937
28.3495 oz g 0.0353
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mix. Cultivar Strawberry Festival was
used in the spring semester and cultivar
Camarosa was used in the summer
semester. Most plants had one to two
leaves at the time of packing. Straw-
berry-growing kits were picked up by
students from the University of Florida
main campus in Gainesville, or packed
in media mail bags and shipped as pri-
ority mail through the U.S. Postal Ser-
vice. Shipped strawberry kits arrived at
their destination within 48 h of ship-
ping. Preparing and shipping the
strawberry growing kits took ~40 h in
the spring semester and 20 h in the
summer semester.

The hands-on activity lasted 5
weeks. Students were instructed to
transplant their strawberry plant as
soon as they received it (week 1).
Then, students were instructed to opti-
mize their watering practices (week 2),
scout for insect pests (week 3), diag-
nose abiotic stress (week 4), and iden-
tify reproductive organs (week 5).
Step-by-step instructions were deliv-
ered through video demonstrations,
written directions, and infographics
(Supplemental Fig. 1). Students pro-
vided weekly updates about their straw-
berry plant through the course learning
management system. Student updates
were graded, and they collectively
accounted for 10% of the course grade.

At the end of the course, students
were invited to provide anonymous
feedback about the activity in the
form of a 200-word essay. These
questions were used to elicit student
responses: What did you learn in the
activity? What was exciting about the
activity? What was disappointing or
discouraging about the activity? Was
growing strawberries easier or more
difficult than you imagined? If you
could start over, what would you do
differently with your strawberry plant?
Students who provided their feedback
received two extra credit points
(equivalent to 2% of the final grade).

During the Spring 2020 semester,
131 students provided feedback essays
about the activity. During the Summer
2020 semester, 45 provided feedback
essays. Student feedback essays were
deidentified and analyzed using the
text mining approach described in
Nunez (2020). Briefly, text data were
imported into statistical analysis soft-
ware (R version 3.6.2; R Foundation
for Statistical Computing, Vienna, Aus-
tria). This step removes apostrophes
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and capitalization from the text. Then,
text data were separated into unigrams
(one-word objects) or trigrams (three-
word objects). Following, noninforma-
tive words (e.g., “to,” “and,” “the,”
etc.) were removed from the data set.
Then, the overall sentiment in each
essay was calculated using the inner_
join command in package dplyr (Wick-
ham et al., 2018) and lexica included in
package tidytext (Silge and Robinson,
2016). Three different lexica were used
to produce sentiment scores from each
essay: Afinn (Nielsen, 2011), Bing (Hu
and Liu, 2004), and NRC (Mohammad
and Turney, 2013). Sentiment scores
produced with each lexicon were com-
pared between the spring and summer
semesters using Kruskal-Wallis nonpara-
metric analysis of variance at o = 0.05.
Sentiment scores extracted with
the Bing lexicon were used to separate
students into two groups: students
who expressed positive sentiments
about the strawberry growing activity
(scores = 0) and students who exp-
ressed negative sentiments about the
activity (scores < 0). Bing scores were
used for grouping because this lexicon
was developed to analyze customer
product reviews and distinguish posi-
tive from negative features in the text
(Hu and Liu, 2004). The most impor-
tant trigrams in positive and negative
essays were identified using the term
frequency-inverse document frequ-
ency (tf-idf) index as per Silge and
Robinson (2016). Code used for this
analysis is publicly available (Nunez,
2019). Data were illustrated using R
package ggplot2 (Wickham, 2016).

Results and discussion

The time and resources dedicated
to preparing for this activity were in
line with time and resources necessary
to facilitate a multiweek hands-on labo-
ratory for a face-to-face course. At the
start of the activity, plants picked up
from campus were generally in better
condition than plants shipped to stu-
dents. A small fraction of the shipped
plants (=7%) arrived at their destina-
tion dead. Whenever this happened,
replacement plants were mailed to stu-
dents. Instructors planning similar
activities would benefit from having
extra plants ready to be shipped as nec-
essary. Alternatively, strawberry plants
could be replaced by seeds, dormant
plants, or other species that can tolerate
shipping conditions better.

On average, sentiments were not
different between the spring and sum-
mer semesters (P > 0.13 in all cases),
suggesting that scaling up the activity
to enrollments over 100 students was
possible without affecting the student
experience. About 77% of students
expressed positive sentiments about
growing a strawberry plant at home
(Fig. 1A): 104 students in the spring
semester and 31 students in the sum-
mer semester. Essays where students
expressed positive sentiments mentio-
ned excitement, enjoyment, and know-
ledge gain (Fig. 1B). Weekly updates
from several students focused on hap-
piness derived from observing healthy
plants and anticipation for bloom and
harvest. Positive responses are consis-
tent with previous reports where
hands-on activities fostered positive
student experiences in agriculture co-
urses (Lindsey, 2019; Nunez, 2020).
These results also support previous
findings where the combination of
online and offline activities (also known
as blended learning) was well received
by horticulture students (Zhou and
Chen, 2021).

About 23% of students expressed
overall negative sentiments about the
activity: 27 students during the spring
semester and 14 students during the
summer semester. Essays written by
students who expressed negative senti-
ments referred to the challenges of
growing strawberry plants indoors,
biotic and abiotic stress, and plant
casualties (Fig. 1B). These themes
were also present in student weekly
updates. Overwatering was the most
common problem observed in weekly
updates. Students whose plants died
during the activity expressed concern
about the impact this would have on
their grade. In future offerings, greater
emphasis should be placed on irriga-
tion instructions and/or a substrate
with lower water-holding capacity
should be included in the strawberry-
growing kit. Additionally, considering
most students did not have optimum
spaces to grow plants, the strawberry-
growing activity could carry fewer
points or be entirely not graded.

The academic benefits derived
from the remote strawberry-growing
activity might extend beyond student
perception. Growing a live plant as a
part of a course assignment provided
students with a real-life scenario where
information retrieval, critical thinking,
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Fig. 1. (A) Overall sentiment score and (B) most important trigrams in student feedback essays about growing strawberry plants at
home in an online course at the University of Florida, Gainesville, during the Spring 2020 and Summer 2020 semesters. Sentiments
were extracted using three general-use lexica: Afinn (Nielsen, 2011), Bing (Hu and Liu, 2004), and NRC (Mohammad and
Turney, 2013). Most essays reflected positive sentiments as indicated by sentiment scores > 0. Essays were grouped according
to their overall sentiment score. Most important trigrams were identified using the term frequency-inverse document
frequency index (tf-idf). Apostrophes and capitalization were removed during the text import steps necessary for text mining.

problem-solving, and knowledge appli-
cation were tested. This activity fits the
description of the inquiry dimension of
hands-on activities proposed by Lumpe
and Oliver (1991). Moreover, student
weekly updates included evidence of
experience (e.g., “I transplanted,” “I
plan,” “I searched”), reflection (e.g.,
“stalks on my plant are dying, and I
attribute this to a lack of direct sun-
light”), abstraction (“growing fruits
can be more challenging than aloe”),
and experimentation (e.g., “I am water-
ing roughly every 5 days. However, as
we move closer to spring, I expect that
to shrink to every 3 days or so.”), sug-
gesting the activity also had all the ele-
ments of the experiential learning cycle
proposed by Kolb (1984). Thus, while
the strawberry-growing activity in FRC
1010 was designed with modest student
learning outcomes in mind, student
teedback suggests that remote hands-on
activities could potentially be used to
target higher order learning outcomes
in online horticulture courses.

Our results suggest that remote
laboratories can improve the student
experience in fully online courses,
including high enrollment ones. Stu-
dents enjoyed growing strawberry
plants at home, except when plant
health was compromised by biotic or
abiotic factors. In our experience across
two semesters, effort and resources allo-
cated to remote laboratories are compa-
rable to face-to-face laboratories. The

Horlechnology + December 2021 31(6)

teaching materials, recommendations,
and challenges included in this docu-
ment can inform instructors who are
creating or refining hands-on activities
for their online horticulture courses.

Literature cited

Alvarez, K.S. 2021. Using virtual simula-
tions in online laboratory instruction and
active learning exercises as a response to
instructional challenges during COVID-
19. J. Microbiol. Biol. Educ. 22(1):14,
https://doi.org/10.1128 /jmbe.v22il.
2503.

Craver, J. K. and KA. Williams. 2014.
Assessing student learning from an experi-
ential module in a greenhouse management
course using hydroponics and recirculating
solution culture. HortTechnology 24:610-
617, https://doi.org/10.21273 /HORT
TECH.24.5.610.

De Brey, C., T.D. Snyder, A. Zhang, and
A. Dillow. 2021. Digest of education statis-
tics 2019. Natl. Ctr. Educ. Stat. (NCES),
Inst. Educ. Sci., U.S. Dept. Educ., Wash-
ington, DC.

Fry, J., S. Keeley, M. Hong, and M.
Xiang. 2021. Evaluation of turfgrass esta-
blishment knowledge gained from an
undergraduate horticulture course. North
Amer. Colleges Teachers Agr. (NACTA)
J. 65:4649.

Hu, M. and B. Liu. 2004. Mining and sum-
marizing customer reviews. Proc. Tenth
Assoc. Computer Machinery Int. Conf.
Knowl. Discov. Data Mining. 168-177,

https:/,/doi.org/10.1145/1014052.1014
073.

Kolb, D.A. 1984. Experiential learning:
Experience as the source of learning and
development. Prentice Hall, Englewood
Cliffs, NJ.

Lindsey, A.J. 2019. Undergraduate student
perceptions following participation in applied
agricultural labs. North Amer. Colleges Tea-
chers Agr. (NACTA)J. 64:454465.

Lumpe, AT. and J.S. Oliver. 1991.
Dimensions of hands-on science. Amer.
Biol. Teach. 53:345-348, https://doi.
org/10.2307 /4449322.

Mohammad, S.M. and P.D. Turney. 2013.
Crowdsourcing a word-emotion associa-
tion lexicon. Comput. Intell. 29:436—465,
https://doi.org/10.1111 /j.1467-8640.
2012.00460.x.

Nielsen, F.A. 2011. A new ANEW: Evalu-
ation of a word list for sentiment analysis
in microblogs. 4 Aug. 2021. <https://
arxiv.org/pdf,/1103.2903.pdf>.

Nunez, G.H. 2020. Using text mining to
gauge student sentiments about hands-on
activities in a protected agriculture course.
HortTechnology 30:129-134, https://
doi.org,/10.21273 /HORTTECH04527-19.

Nunez, G.H. 2019. Sentiment analysis.
4 Apr. 2021. <https://github.com/
ghnunez/nunezlabuf>.

Nunez, G.H., A.P. Kovaleski, B. Casamali,
and R.L. Darnell. 2016. Can science and
genetics literacy affect student perception
of genetically modified organisms? AgBio-
Forum 19:44-53.

707

/0 y7/PuU-ou-Aq/sasua9l|/610 suowwodaAeaId//:sdny (/0 /Pu-ou-Agq/sasual|/Bi0° suowwodaAleald//:sdiy) asual|
AN-DN-AgG DD 8y} Jepun pajnguisip ajoie ssaooe uado ue si siy] "ssao0y uadQ eIA Z0-20-G2Z0Z e /woo Alojoejqnd pold-awiid-yJewlayem-jpd-swiid//:sdiy wouy papeojumoq


https://doi.org/10.1128/jmbe.v22i1.2503
https://doi.org/10.1128/jmbe.v22i1.2503
https://doi.org/10.21273/HORTTECH.24.5.610
https://doi.org/10.21273/HORTTECH.24.5.610
https://doi.org/10.1145/1014052.1014073
https://doi.org/10.1145/1014052.1014073
https://doi.org/10.2307/4449322
https://doi.org/10.2307/4449322
https://doi.org/10.1111/j.1467-8640.2012.00460.x
https://doi.org/10.1111/j.1467-8640.2012.00460.x
https://arxiv.org/pdf/1103.2903.pdf
https://arxiv.org/pdf/1103.2903.pdf
https://doi.org/10.21273/HORTTECH04527-19
https://doi.org/10.21273/HORTTECH04527-19
https://github.com/ghnunez/nunezlabuf
https://github.com/ghnunez/nunezlabuf

Nunez, G.H., A.P. Kovaleski, and R.L.
Darnell. 2014. Formal education can affect
students’ perception of organic produce.
HortTechnology 24:64-70, https://doi.
org/10.21273 /JHORTTECH.24.1.64.

Silge, J. and D. Robinson. 2016. tidytext:
Text mining and analysis using tidy data
principles in R. J. Open Source Softw. 1:37,
https://doi.org,/10.21105 /joss.00037.

St. Hilaire, R., T.W. Sammis, and J].G.
Mexal. 2009. Integrating hoop house con-
struction and operation into an undergradu-
ate general education horticulture class.
HortTechnology 19:445-451, https://
doi.org,/10.21273 /HORTSCI.19.2.445.

708

Uchanski, M.E., K. Grover, D. VanLecu-
wen, and R. Goss. 2015. Integrating hoop
house construction and environmental
data interpretation into an undergraduate
general education plant science course.
HortTechnology 25:247-252, https://
doi.org/10.21273 /JHORTTECH.25.
2.247.

Volery, T. and D. Lord. 2000. Critical
success factors in online education. Int. J.
Educ. Manag. 14:216-223, https://doi.
org/10.1108,/09513540010344731.

Wickham, H., R. Francxois, L.A. Henry,
and K. Miiller. 2018. dplyr: A grammar
of data manipulation. R package version 0.7.

6. 4 Apr. 2021. <https://cran.r-project.
org/web/packages/dplyr/index.html>.

Wickham, H. 2016. Programming with
ggplot2. In: Ggplot2 (p. 241-253). Sp-
ringer, New York, NY, https://doi.org/
10.1007,/978-3-319-24277-4_12.

Zimmerman, J. 2020. Coronavirus and
the great online-learning experiment. 10
Mar. 2020. <https://www.chronicle.
com/article /coronavirus-and-the-great-
online-learning-experiment>.

Zhou, R. and D. Chen. 2021. Assessing stu-
dents’ perceptions of blended learning during
the COVID-19 pandemic. North Amer. Col-
leges Teachers Agr. (NACTA) J. 65:50-56.

Hordlechnology + December 2021 31(6)

/0 y7/PuU-ou-Aq/sasua9l|/610 suowwodaAeaId//:sdny (/0 /Pu-ou-Agq/sasual|/Bi0° suowwodaAleald//:sdiy) asual|
AN-DN-AgG DD 8y} Jepun pajnguisip ajoie ssaooe uado ue si siy] "ssao0y uadQ eIA Z0-20-G2Z0Z e /woo Alojoejqnd pold-awiid-yJewlayem-jpd-swiid//:sdiy wouy papeojumoq


https://doi.org/10.21273/HORTTECH.24.1.64
https://doi.org/10.21273/HORTTECH.24.1.64
https://doi.org/10.21105/joss.00037
https://doi.org/10.21273/HORTSCI.19.2.445
https://doi.org/10.21273/HORTSCI.19.2.445
https://doi.org/10.21273/HORTTECH.25.2.247
https://doi.org/10.21273/HORTTECH.25.2.247
https://doi.org/10.21273/HORTTECH.25.2.247
https://doi.org/10.1108/09513540010344731
https://doi.org/10.1108/09513540010344731
https://cran.r-project.org/web/packages/dplyr/index.html
https://cran.r-project.org/web/packages/dplyr/index.html
https://doi.org/10.1007/978-3-319-24277-4_12
https://doi.org/10.1007/978-3-319-24277-4_12
https://www.chronicle.com/article/coronavirus-and-the-great-online-learning-experiment
https://www.chronicle.com/article/coronavirus-and-the-great-online-learning-experiment
https://www.chronicle.com/article/coronavirus-and-the-great-online-learning-experiment

Transplanting a Strawberry Plant

Unbox & unwrap

1. Open your bag and verify that you received
a pot, a plant, a rubber band, a bag of coco
coir, a bag of perlite, and a bag of fertilizer.

2. Remove the masking tape from the roots of
your strawberry plant.

Mix the substrate

3. Inthe large zip-lock bag, combine the coco
coir, perlite, and fertilizer.

4. Add 1 cup of tap water and mix thoroughly.

Transplant

5.  Fill up your pot with the wet substrate mix.

6. Transplant your strawberry plant.
Remember to burry the roots but not the
crown.

Maintain humidity

7. Rinse the large plastic bag and place it on
top of your pot.

8. Hold the plastic bag in place using the
provided rubber band.

Supplemental Fig. 1. Infographics used to support instruction during a remote strawberry-growing exercise in an online
undergraduate course at the University of Florida, Gainesville; 1 cup = 0.2366 L.
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Find a bright spot

2.

Water as necessary

7

Watering a Strawberry Plant

Remove the
humidity dome

1. Remove the humidity dome from your plant.
Transplant is officially over!

A south-facing windowsill is the ideal spot
for your plant indoors.

Porches, patios, or backyards are also very
good locations.

Optionally, invest in an indoor growth
light.

Assess your water
needs

5. Gently tap the substrate with a paper towel
(above). If the paper towel gets wet (left),
your plant does not need more water. If the
paper towel is dry (below), your plant needs

water.

If your substrate is dry (step 5), add % cup of
tap water.

If you are growing indoors, check twice per
week. If you are growing outdoors, check
every other day.
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Scouting for Pests & Diseases

Get magnification

1. While, some pests and diseases can be
observed with the naked eye, many of them
are very small. You can either use a
magnifying glass or a magnifying glass
application on your smartphone.

Focus on the underside

2. Inspect the underside of the leaves using
maghnification. You can possibly find wounds
(right and below), insects, or egg masses.

Remove or decimate

3. Egg masses can be removed with your
fingernails.

4. Adult insect populations can be decimated
with water or insecticidal soap sprays.

Remove
compromised organs

5. This step should always come last. Pinch any
severely damaged leaves (right).

6. Wash your hands to avoid spreading pests
or diseases to other leaves or other plants.
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Diagnosing Abiotic Stress

Is my plant too wet?

1. Anplant thatis too wet will wilt even though
the substrate is moist (left). To correct this,
avoid watering for 7 days.

Is my plant too dry?

2. Aplant that is too dry will wilt and the
substrate will be light brown (right). To
correct, water with % cup of water. Make
sure to water slowly.

Did | plant too deep?

3. Ifaplant thatis planted too deep, you
cannot see the crown (left). To correct,
carefully pull your plant higher up in the
substrate.

Is the media too salty?

4. Aplant that is growing in media that is too
salty will start yellowing in the leaf margins
(right). To correct, place your plant in the
sink and water it with 1 cup of water. Then,
allow your plant to completely drain.

Horllechnology + December 2021 31(6)

/0 y7/PuU-ou-Aq/sasua9l|/610 suowwodaAeaId//:sdny (/0 /Pu-ou-Agq/sasual|/Bi0° suowwodaAleald//:sdiy) asual|
AN-DN-AgG DD 8y} Jepun pajnguisip ajoie ssaooe uado ue si siy] "ssao0y uadQ eIA Z0-20-G2Z0Z e /woo Alojoejqnd pold-awiid-yJewlayem-jpd-swiid//:sdiy wouy papeojumoq



Horflechnology * December 2021 31(6)

Forecasting your harvest

Vegetative buds

1. These buds will give rise to new leaves. If
you only see vegetative buds (left), your
plant is more than 30 days away from
bearing fruit.

Flower buds

These buds will give rise to groups of flowers
called inflorescences (right). If you see
flower buds, your plant is approximately 30
days away from bearing fruit.

Open flowers

3. Flowers open at different times. Thus, an
inflorescence can have open and closed
flowers at the same time (left). If you see
open flowers, your plant is less than 30 days
away from harvest.

Pollination

If your plant is outdoors, wind and insects will
pollinate the open flowers.

If your plant is indoors, you will need to manually
pollinate it. Use a brush or Q-tip to carry pollen
from the anthers to the stigmas (right)
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