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ABSTRACT

Due to the presence of epicuticular wax on the plant surface and other reasons, surfactant
is widely used in agricultural industry. However, there is no well-designed lab curriculum for
teaching role of epicuticular wax and surfactant on it. Here, we developed inexpensive and
easy lab curriculum for above topic using smartphone and smartphone application. In order
to evaluate students’ learning form this lab curriculum, anonymous survey was conducted from
the students who participated (n=22). Students responded to survey positively: students expressed
their opinions either “positive” or “very positive” to the statement on “the experiment explains
on the role of epicuticular wax” (95.5%), “the experiment was easy” (100%), and “the
experiment was fun” (77.3%). This newly-developed lab curriculum would help students’

learning on the concept of epicuticular wax and role of surfactant on waxy leaf surface.
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Contact angle

Fig. 1. Representative image of contact angle measurements before (right) and after epicuticular wax removal

(left) from broccoli leaf. Contact angle is defined angle through the liquid, where a liquid-gas interface

meets a solid surface. It quantifies the wettability of a solid surface by a liquid.
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b. Attach double-side tape on

c. Fix leaf evenly (prepare 3

the edge of table

d. Add water-droplet on the waxy

surface each directions)

g. Add soap water on thewaxy
surface

e. Brush to remove wax (8 times

h. Take pictures at horizontal
level

leaves)

f. Add water-droplet on the wax-
removed leaf surface

i. Measure contact angle with
application

Fig. 2. Procedure of conducting experiment and measuring the contact angle using smartphone application.
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Fig. 3. Contact angles of applied water droplets both
before and after epicuticular wax removal
from broccoli leaves and soap water droplets
on waxy surface (N=3). **indicates significant
difference between two group by paired
Student #Test at p=0.01.

surface with water treatment and waxy

Wax removed

surface with soap water treatment cannot be
reasonably compared because two variables
are different. This is educational point during
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Survey question

1. I understand the role of epicuticular wax.

2. | understand the role of surfactant.

3. The experiment was easy to conduct.

4. The experiment was fun to conduct.
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Fig. 4. Students’ responses (n=22) to the statements at the left, shown on a Likert scale: strongly agree

(dark blue), agree (blue), neutral/neither agree or disagree (light blue), disagree (yellow), strongly

disagree (red), and etc (green). The percentage of respondents’ who indicated

or “agree”

“strongly agree”

to each statement is given to the right of each statement.

- 38 -



“HEOITPR Sgston], 159 s “ofojEo]
Qe ek £ Sk S| BAh2 Sslo] ¢
Exo|=olAfgt Algo] i AntEE ojZelo)d
ol gslttEY Algo] =03 2ofsly AR|uk
2 QI k129 A WA wetd, Ant
£3} ANIEE ofEelAolig ol8% AHAL I
o st BE sPo] Aol Held 4= U
GAA] W ol 2] Agto] ¢y Tl ofEeiAo]
g o}k Ao L&

o o lm ruol'

A

I
o,
T
H—‘i
o
o
i,
5
—- N
_E‘ _LL4
El
oZ
N
.
i)

4. LA FONY(LAE 21T £E)

£ UgeliE 522 AL 2951 98
o] A BAle] 7K Aske Zol F2
aed, Sh2vh Sl 3R 9lo] 2ol e Wolx
497} Z37] who] Hehat WY EAS TS0l
o] Fasich ol e HAL g
A & A8 Folof Tk, FE2 & o] 919
A Z8Re0] QlmMA ZA 40 ig} ZH2 o TAE
BKsto] FAlabt AEES sk 2w shte] golck
oAl t=FolAl ofel WS Aeksteot £ Alglo]
e 4 059} g2 Sigela} ool st op
717} olelg) Bhe SE5S o] gsie] Aksiglon],
222 2901 o] AR GSick QHEAORIO] B

o] RHIo] QUi ofzulol shlold Qe WS

ﬂl{

FI(‘

HBA A8 A Sis] Pl ol 23
o] Agsol Aol g8e ARsksick
Ha2}0] 292 Aol AeHA Uske: ) golst
o, meb WA AS o) O SioRY ol
FH]5ks 7o) Skl Wolck. R YL e}
Az} o] WaAT SOl AHL u) Bete

242 T % Qlrk wEbA TARED 22 34 )
HAAY 28] Koy IS =7+ BA5H] oY
o E3 @AR: SHYEo] &7 243 o ojr]o]
A ZAdo] Zojok SR (s 2Hgo] T A4
o] &) Hepol LeFIL 7 ol St HAo]

Y} U o] ol stofof s, o]
Ro| ojrjelx] djAlg So & Agele & AL
e g solek RekFie 1) B2 4 238 Ak
£ ofZaAol o] A Qreols EolAgt A5
Sto2 Mget o] sy 7t 2z % Hﬂﬁkﬂ z
$9) 5847 54 Aolo] #FL o

2 A9 MEQAE Wk F7FAE(Supplementary
Material) 2 2HESI0] WA} o] AFWRS HEZ o]

8 % WA sk

(&)
= Kl
>
i
10
ro
>
MHO
EH
re
1o
Io
[
0x
AT
rE
o
o
HT

2 2] tigt 712 HE AlTTe=H wAkEel o
ASOIA Yol A AEre] 22

AERY

H(waxy surface)oﬂlﬂ :Liﬂ] glossy surface) 2 HHYP
| W5lh(Fig. 5A, B). ARAu|Hoz s oha
9] AEHHNAE 3 Fxo| oA AGA7}L &
A=A U(Fig. 50), FIRIEER SAS A|AS ol
= A9 2 4 Q9EFie. 5D). 324 e
2 8|2 40| H 3Ho] & AXA = Qs 84
o Algk ERE T1AIT RHSE o 4 Uk A A
A Ao o= HHT % | ﬂ 9JtKFig. SE). 7kA
s g 23
S 17 Felcel Eelss AFAEIE 80 o
U &2 A7 ol F o= 24 pgC = S Fig. 6A)
27} AAR ool AET APATES] R

[¢]

=

o] 2/ ESF FOfobA s3Itk ol #W Aéou
AP dides 41 AERESS ddiXdos
WSS ojulgit). o2 HSA QAL BAHoR
W51 QIQITh SAAIATE UK RULAY] RS
OJ5tA| HSPAIRA|RE, $AH 0 R 2R Wislo|H g
ol Hsl} 529 AlolE WA IHITtL Hsl7]o]
£ =94 SAE Iolth. BRYAE AAT A1EA 9
HHL o8] /o] Ioltt wEhA, 33 2
o] BHAIE 71 EHLA AEA] o] ol A%
Zte] Wislrh 7]Q1ghehar AZHEIThR).

6. H¥0|1Z EQFHS
B 43S Ba) BHSAT} Aol uf Q. WSt
A7} 8= BEC] LA HUh ot opzt

2

H ARRATE 9

g =0
LAS F 4YE 5 Uk SSo] Bl o] 7



Fig. 5. Leaf surface image of Brassica oleracea
(a) and its wax removed leaf (b); scanning
electron microscope image of Brassica oleracea
(c) and its wax removed leaf (d); 3-dimensional
Nano Focus image of Brassica oleracea (e)
and its wax removed leaf (f). Scale bars are

presented in red color.
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Fig. 6. Epicuticular wax quantification of Brassica
oleracea leaf and its wax removed leaf (A)
and percentage (%) of wax composition (B)
measured by GC-FID. *indicates significant
difference between two group by Student

t-Test at p=0.05.
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Experimental Setup
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