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Abstract - Plants as well as crops are damaged by a combination of the hot and dry winds that has been a major factor in the
reduction of crop production. A means to protect them from damaging conditions is to consider a coating material. In this
study, we established laboratory screening methods to find a coating material to protect a crop from rapid transpiration
caused by various factors. In a test measuring the weight loss of kidney bean seedlings for 6 days, Avion treatments
decreased its weight loss (P=0.05). Owing to long-time spend in completing this assay, we performed a more simple method
using a cobalt chloride paper strip, which changes from blue to red colors under water condition. Beewax, guagum, paraffin
liquid, soybean oil, and PE-635 gave a waterproofing effect above 37 and 43% at 0.5 and 1 h after treatment, respectively.
However, these tested materials did not show significant waterproofing results at 2 h. Although the methods produced
reasonable results, a screening method to obtain more objective data is needed. An alternative is to use an instrument that can
detect the transpiration of crop leaves. In a preliminary test using barley leaves, a portable photosynthesis system showed
transpiration inhibition of 2% soybean oil and 10 times-diluted Avion under field conditions. In another test using the leaves
of maize seedlings and apricot tree, 2% liquid paraffin and plant oils such as apricot oil, linseed oil, olive oil, and soybean
oil showed significant transpiration inhibition (P=0.05). Especially, paraffin liquid and soybean oil selected from above
tests gave good transpiration inhibitory effects against rice at 2%. In addition, the mixture of 2% soybean oil and a spreader
showed more elevated inhibition results comparing with soybean oil or the spreader alone indicating that the spreader may
be attributed to more uniform diffusion of the hydrophobic material onto the leaf surface of maize seedlings. The
hydrophobic material coated physically the stomata and cuticle layers on leaf surfaces of rice. These hydrophobic materials
screened in this study are expected to be used as plant coating materials.
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Table 1. Chemicals tested in this study

Solubility in

Category Name Origin water Refer

Avion Synthetic paraffin O C
Beewax Apis mellifera L. X

Wax Canaubawax Copernicia prunifera (Mill.) H.E. Moore X
Guargum Cyamopsis tetragonoloba (L.) Taub. X
Paraffin liquid Synthetic X
PE-635 Synthetic paraffin wax O
Apricot seed oil Prunus armeniaca L. X
Castor oil Ricinus communis L. X
Hohoba oil Simmondsia chinensis (Link) C. Schneid X

Plant . . . o

essential oil Linseed oil Linum usitatissimum L. X
Macadamia oil Macadamia ternifolia Maiden & Betche X
Olive oil Olea europaea L. X
Soybean oil Glycine max (L.) Merr. x
Pottassium bicarbonate Synthetic 100mg/ml

Salt Sodium bicarbonate Synthetic O
Sodium benzoate Synthetic 629mg/ml
Sodium stearate Synthetic O hot water
Dongbucover Synthetic O C
Dongbusurfactant Synthetic O C
Lemitrone Synthetic O C

Surfactant Newosmak Synthetic O C
Polyoxyethylene lauryl ether (LE9)  Synthetic O
Polyethylene sorbitol ester (Tween 80) Synthetic O
Sylluett Synthetic O C
Polyethylene glycol (PEG) Synthetic X

Polymer ) )
Polyvinyl alcohol Synthetic O

“PE-635 was composed of paraffin wax (38%) as active ingredient, surfactants (2%), and water (60%). C, commercialized products.
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Table 2. A screening method using the weight change of kidney bean seedlings for 6 days after Avion treatment

Weight loss (mean + SE, g)

Material
1d 2d 6d total loss”
Control 9.9 + 098 119 £ 1.71 272 = 0.76 589 + 3.26
Avion x 50 9.1 + 0.58 9.9 £ 047 24.6 £ 1.69 527 £ 32
P value (t-test) 0.31 0.26 0.14 0.02

“Total loss means the sum decreased weight of pots-grown kidney bean seedlings for 6 days.
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Table 3. The waterproofing rate of tested materials using a cobalt chloride (CoCl,) paper strip

Waterproofing rate (%, mean + SE)’

Material”
30 min 60 min 90 min 120 min
Avion 62.7 + 14.9a 63.3 £+ 3.3ab 43.3 + 3.3ab 0+ 0a
Beewax 643 + 15.7a 66.7 + 3.3a 20 + 5.8bcd 0 + 0a
Canaubawax 13.3 + 13.3ab 43.3 £+ 3.3bc 0+ 0d
Guagum 46 + 17.2 ab 13.3 £+ 6.7de 0+ 0d
Paraffin liquid 53.5 £ 13.7ab 733 + 8.8a 56.7 £ 6.7a 0+ 0a
PE-635 36.7 + 18.6ab 53.5 + 3.3ab 13.3 + 6.7cd 0+ 0a
Apricot seed oil 46 + 17.2 ab 26.7 £ 6.7cd 0=+0d
Castor oil 6.7 £ 6.7 ab 0 + Oe
Hohoba oil 40 + 6.7 ab 13.3 + 6.7de 0+ 0d
Linseed oil 26 + 3.8ab 0+ Oe
Macadamia oil 6.7 £33 ab 0 £ Oe
Olive oil 6.7 £ 6.7 ab 0 £ Oe
Soybean oil 473 + 104 ab 66.7 = 8.8a 33.3 £ 8.8abc 6.7 £ 6.7a
Potassium bicarbonate 26 + 3.8 ab 0 + Oe
Sodium bicarbonate 16.7 £ 16.7 ab 33 + 33e 0+ 0d
Sodium benzoate 6.7 £ 6.7 ab 0+ Oe
Dongbucover 133 £ 13.3ab 0 £ Oe
Lemitrone 6.7 + 6.7ab 0+ Oe
Newosmak 243 + 12.3ab 0 + Oe
Sylluett 0+ 0b 0 £ Oe
LE9 6.7 £ 6.7 ab 0 + Oe
Tween 80 6.7 £ 6.7 ab 0+ Oe
PEG 0+ 0b 0 + Oe
Polyvinyl alcohol 6.7 + 6.7 ab 0 £ Oe

=3

~

“The test materials were prepared 2% solution.
"Means within a column followed by the same letter are not significantly different (P = 0.05, Tukey test).

Transpiration (mean+SE, mol/m?/s)
I -
)
1o I

0
c Soybean oil Avion PE—-635
ontrol 5% 0.2% <10 <50 %50

Fig. 1. The transpiration inhibitory effect of barley leaves by
soybean oil, Avion, and PE-635 solutions. The transpiration
values were determined at 1 hour after treatment and means
with the same letter on standard error bars are not significantly
different (P=0.05, Tukey test).
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transpiration)S 434tk 1 23 F 2 2%9} ofH|-&
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ol ) BIIZ/IE ol4aI4 S4ho] e Wl 4
Sjolsta, Aol 85d 9
S dgon S48 asiac, 1 A%, 474 22 2,
oha] e 999} 0.4%, LE]H © E‘ 5, T5HF 9.0 9% PR—635
om, BT 2%, o] 29 9% W T 29 s S
52 90 ZUES DAAT ] AR fOl7 SR
= 0.05)00141 AAAZ 4= Q35 SIS Table 4), ~L2]iL
ofe] AR A2Z P48 AHoIH A 29, Sel

-385-



HEZENTEE Korean J. Plant Res, 27(4) : 380~391(2014)

Table 4. The transpiration of leaves of maize seedlings and apricot tree by the tested materials

Maize Apricot
. — P value — P value
Material Transpiration (t-test) Transpiration (t-test)
(mean = SE, mol/m’/s) (mean + SE, mol/m’/s)
Control 1.97 + 0.149 1.0 2.51 + 0.523

Water 1.92 + 0.058 0.79664 247 + 0415 0.8481
Avion 2% 1.32 £ 0.108 0.008517 2.16 + 0.214 0.0610
Avion 0.4% 1.45 £ 0.108 0.024339 2.57 £ 0.102 0.3651
Beewax 2% 1.88 + 0.111 0.433941 2.12 + 0.326 0.4118

Guagum 0.5% 1.91 + 0.075 0.79253 2.57 + 0.454 1.0
Paraffin liquid 2% 1.07 £ 0.041 0.010423 0.84 + 0.094 0.0012
PE-635 2% 1.27 £ 0.078 0.020429 1.89 + 0.256 0.0892
Apricot seed oil 2% 1.07 £ 0.118 0.022846 0.85 + 0.062 0.0001
Castor oil 2% 1.63 £ 0.048 0.092195 2.20 £ 0.372 0.5337
Hohoba oil 2% 1.61 £ 0.042 0.037562 222 + 0.185 0.0826
Linseed oil 2% 1.44 + 0.135 0.033852 1.07 + 0.084 0.0007
Macadamia oil 2% 1.61 £ 0.069 0.065835 1.70 + 0.325 0.0170
Olive oil 2% 1.25 £ 0.032 0.014257 1.40 + 0.658 0.0008
Soybean oil 2% 1.24 £ 0.049 0.012508 1.21 £ 0.114 0.0005
Pottassium bicarbonate 2% 1.81 + 0.084 0.436422 1.81 + 0.197 0.0572
Sodium bicarbonate 2% 1.74 £ 0.073 0.207964 1.75 + 0.098 0.0108
Sodium benzoatee 2% 1.87 £ 0.039 0.614426 2.25 + 0.140 0.3220
Sodium stearate 2% 1.81 £ 0.097 0.521083 2.52 + 0.126 0.9607

Dongbucover x2000 1.86 + 0.087 0.3727 2.81 £ 0.173 1.0

Dongbusurfactant %2000 1.98 + 0.149 0.725428 2.90 + 0.076 1.0
Lemitrone x4000 1.90 + 0.092 0.772443 2.52 + 0.084 0.9414

Newosmak x1000 1.79 + 0.072 0.331585 2.67 +0.124 1.0
Sylluett x2000 1.96 + 0.103 0.885806 1.95 £ 0.191 0.1057
LE9 2% 1.91 + 0.077 0.644971 1.62 + 0.106 0.0022
Tween80 2% 2.01 + 0.053 0.757558 2.15 £ 0.152 0.1113
PEG 2% 1.78 + 0.041 0.327952 2.66 + 0.189 0.5421
Polyvinyl alcohol 2% 1.82 + 0.097 0.202151 2.39 + 0.075 0.5133

Table 5. The transpiration of rice leaves treated by the tested materials, 2h

Material Transpiration mean (+ SE, mol/m’/s)” P value (t-test)
Control 7.2 £ 0.71
Soybean oil 2% 54 £ 0.62 0.044053
Soybean oil 0.2% 6.7 £ 0.69 0.667885
PE-635 2% 7.2 +0.19 0.977173

“The test was evaluated under laboratory conditions supplied with light source (1200 wmol-m™s™).
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Fig. 2. The transpiration inhibitory effect of rice leaves treated
by the tested materials. The transpiration values were determined
at 2 hour after treatment and means with the same letter on
standard error bars are not significantly different (P=0.05,
Tukey test).
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Table 6. The transpiration of leaves of maize seedling by the mixtures of soybean oil 2% and commercialized 3 spreaders

Material Transpiration mean (+ SE, mol/m’/s)” P value’
Control 0.84 + 0.033¢c

Newosmak x 2000 0.89 + 0.035¢ 0.408
Sylluette x 2000 0.83 £ 0.036¢ 0.631
Dongbucover x 2000 0.78 + 0.033bc 0.344
Soybean oil 2% 0.67 = 0.031ab 0.031
Soybean oil 2% + Newosmak x 2000 0.67 = 0.029ab 0.024
Soybean oil 2% + Sylluette x 2000 0.67 + 0.034ab 0.049
Soybean oil 2% + Dongbucover x 2000 0.63 + 0.024a 0.004

“Means within a column followed by the same letter are not significantly different (P = 0.05, Tukey method).

YAccording to a t-test.
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Fig. 3. Stomata on non-treated (A and C) and treated rice leaves (B and D) with a 2% coating material. Non-coated (C, round head

arrow) and coated stoma (D, triangle head arrow) was shown.
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