WNUNEAS 44 (4) 1 703-712 (2559). KHON KAEN AGR. J. 44 (4) : 703-712 (2016).

Effects of polymers as a main component of coating formulations on
quality and effects of stability of cucumber seeds
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ABSTRACT: Seed coating is used for delivery pesticide and bio-fungicide on the seed for protects seed from pest
infestation. The objectives of this study were to determine the effects of formulations on germination percentage and
germination index under laboratory and greenhouse conditionsof hybrid cucumber seed var. CU023 for immediately
coated seed and stored seed under controlled and ambient conditions. Treatments included hydroxypropyl
methyl cellulose (5%)+additives, polyvinyl alcohol (5%)+additives, polyvinylpyrrolidone-K30 (10%)+additives,
polyvinylpyrrolidone-K90 (5%)+additives and commercial seed coating substance (80%)+20% water as a control
treatment. Data were recorded for viscosity, pH, film dissolving percentage, germination percentage and germination
index. The experiments were laid in a completely randomized design with four replications. All tested formulations
were less viscous than an un-identified commercial control and the viscosity and pH of all tested formulations were
stable. The tested formulations were similar to commercial control and untreated control for germination percentage
and germination index. The most suitable polymer will depend entirely on the needs of a particular slurry mix.
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Introduction

Seed is always important for crop production
and seed industry tries to increase seed quality
and reduce seed production cost to gain higher
profit. Seed coating is used to increase seed
quality as other active ingredients can be added
to coating materials and the active ingredients
provide protection against insect pests and
pathogens in storage (Taylor and Harman, 1990).

The method in coating seed is also important
as some specific materials such as fungicides,
pesticides and micro-nutrients to the surface of
seed could provide seed protection from
pathogenic contamination and insect pest

damages, and enhance a better plant stand
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establishment and others (Brooker et al., 2007;
Jamieson, 2008). Several materials are used for
coating seed without changing the size and shape
of the seed and without any disadvantages on
growth of the seedlings (Taylor and Harman,
1990). Mixing various polymers and co-polymers
with insecticides as seed coating stuffs on maize
seed aimed to protect seeds from soil-born insect
pests (Kevin et al., 1998). The coating on
broccoli’s seed with an aqueous suspension of
hydroxy-ethyl-cellulose improved homogeneity
and uniformity of the coated seed bring none of
harmful effect on seed quality (Almeida et al.,
2005). Seed coating substances can be liquids
containing dissolved or suspended solids to form

a layer covering the surface of seed (Scott, 1989).
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Polymer, plasticizer and colorants can be used
as seed coating substances (Taylor et al., 1998).
Starch and cellulose, poly-vinyl alcohol and
poly-vinylpyrolidone can be used as adhesive
substances for seed coating purposes (Ehsanfar
and Modarres-sanavy, 2005). The producers can
select these coating materials for specific
situations such as low price and mixing with
specific active ingredients.

Thailand has exported cucumber seeds to
other countries and the commercial seed is
coated with unidentified coating materials. The
company claimed that cost of seed coating was
high and new seed coating materials with similar
or better performance with lower cost is worth
exploring. The objectives of this study were to
investigate physical and chemical properties of
coating formations after mixing and after storage,
to determine the effects of formulations on
germination percentage and germination index
under laboratory and greenhouse conditions of
hybrid cucumber seed var.CU023 for immediately
coated seed and stored seed under different
conditions. The materials may be used in other
similar seeds of different species with some
verification. The information obtained from this

study is useful for seed industry.

Material and methods

Polymer solutions and seed coating formulations

Five treatments were consisting of hydroxy-
propylmethyl cellulose (5%)+additives, polyvinyl
alcohol (5%)+additives, polyvinylpyrrolidone-K30
(10%)+additives, polyvinylpyrrolidone-K90
(5%)+additives and commercial seed coating

substance (80 %)+20 % water were arranged in
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a completely randomized design with four
replications. Commercial substance was also
used as a control treatment for comparison of
coating formulation properties.

The chemical name and the compositions of
the commercial substance could not be identified
as the substance is under the patent of the com-
pany. Five additives consisted of PEG6000, color-
ant, titanium dioxide (TiOZ), iriodin and food col-
ouring. All polymers were tested from 5% up to
10% solutions (w/v). polyvinylpyrrolidone-K90
(5%) and Hydroxypropylmethyl cellulose (5%)
were completely dissolved at a concentration of
5%, whereas polyvinylpyrrolidone-K30 (10%) was
completely dissolved at 10%. Five additives of the
PEG6000, colorant, titanium dioxide (TiOZ) iriodin
and food colouring were added into the polymer
solutions at room temperature in accordance with
its specific proportions.

The viscosity was measured with a Ford cup
viscosity (Model ASTM D1200-10) at room
temperature. The pH was determined with the
Checker®pH meter (Model HI 98103). A 20 ml of
each coating formulation was loaded on glass
petri dishes and dried at 50 'C for 4 hours to
develop film of the coating formulation. The film
was removed from the petri dishes and cut into
4x4 cm sections. The cut film was dissolved in
water at room temperature for 5 min and
oven-dried at 50 “C for 4 hours. The percentage
of the film that was dissolved in water was
calculated as the study of Korkasetwit (2008).
After mixing the formulation treatments, the
treatments were sealed in plastic bottles and
stored at ambient temperature (25-30 °C) for six
months. The evaluation of the stability of the

treatments was carried out at monthly intervals for
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six months at Khon Kaen University, Khon Kaen,
Thailand, and the data were recorded for

viscosity and pH.

Cucumber seed and its coating processes
Mature seeds of hybrid cucumber seeds var.
CU023 were coated with five coating formulations
at a rate of 150 ml kg seed with the use of the
Centri Coater, Model CC10, Cimbria Heid GmbH,
Stockerau, Austria. After the coating process was
completed, the coated seed was dried in a forced

air seed dryer at 35 'C for 3 hours.

Immediate germination test and after storage test

Four replications of 100 seeds from each
treatment were carried out to test seed germination
under laboratory and greenhouse conditions. In
laboratory germination test, the seeds were
placed between two wetted paper towel sheets
then incubated at 20-30 °C, whereas, germination
test under the greenhouse condition, the seeds
were germinated in peat-moss medium. Germination
percentage was recorded at 4 and 8 days after
sowing (DAS) by the seed germination counting
which all counts followed the seed testing protocol
described by the International Seed Testing
Association (ISTA, 2008). In addition, daily
germination was recorded for each test and the
germination index. The seeds of the same
treatments were also stored at ambient and
controlled conditions for ten months, and carried
out at two-month intervals for germination testing

under laboratory and greenhouse conditions.

Statistical analysis
The data were analyzed according to a

completely randomized design with four
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replications using the Proc Mixed Procedure in
SAS. Means were separated by the Duncan’s new

multiple range test (DMRT).

Results

Viscosity, pH and film dissolving percentage at
mixing

Viscosity values ranging from 11.9 to 58.4 m/
sec were observed among the treatments (Table
1). Significant differences among the treatments
were observed and none of the treatments was
as viscous as the control (58.4 m/sec). The tested
formulations had viscosity values ranging from
11.9 to 36.1 m/sec, which were much lower than
commercial formulation control. The treatments
were significantly different for pH values ranging
from 3.5 to 8.4, and none of the tested treatments
had high pH as the control (8.4) (Table 1). Treatments
were also significantly different for film dissolving
percentage ranging from 8.8% for commercial
control to 56.4% for polyvinylpyrrolidone-K90
(5%). Basically, all the tested treatments dissolved

faster than the commercial product (8.8%).

Viscosity and pH under storage

Significant differences among the treatments
were observed for viscosity at 1, 2, 3,4, 5 and 6
months after storage (Table 2). The viscosity did
not show consistent patterns as polyvinyl alcohol
(5%) and hydroxypropylmethyl cellulose (5%) were
rather stable whereas polyvinylpyrrolidone-K30
(10%), polyvinylpyrrolidone-K90 (5%) and
commercial control had a small increase in

viscosity.
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Table 1 Means for viscosity, pH and fim dissolving (%) of five seed coating polymers (treatments) used as
seed coating materials for hybrid cucumber.

Formulation Viscosity (m/sec) pH Film dissolving (%)
polyvinyl alcohol (5%) 21.6° 6.5° 25.3°¢
polyvinylpyrrolidone-K30 (10%) 13.3° 35° 35.2°
polyvinylpyrrolidone-K90 (5%) 11.9° 35° 56.4 °
hydroxypropylmethy! cellulose (5%) 36.1° 6.3° 25.0°
Commercial control 58.4° 8.4° 8.8¢

C.V. (%) 3.8 1.9 8.8

Means in the same column followed by the same letter are not significantly different by least significant

differences (LSD) at 0.05 probability level, C.V. (%) = variation coefficient percentages

Similar to viscosity at immediate evaluation was rather small and not consistent. Similar to pH
(Table 1), commercial control had the highest values at immediate evaluation in Table 1,
viscosity (87.7 to 102.8 m/sec), whereas other commercial control had the highest pH values
treatments had viscosity values between 11.8 and ranging from 7.3 to 8.3, whereas other treatments
23.5 m/sec. For the pH values of all treatments had pH values ranging from 3.1 to 6.9.

seemed to increase after storage, but the increase

Table 2 Means for viscosity and pH of five seed coating polymers (treatments) used as seed coating materials
for hybrid cucumber seed stored under ambient condition and evaluated at one-month for six months

Storage periods (months)

Formulation' Viscosity (m/sec) pH
1 2 3 4 5 6 1 2 3 4 5 6
T1 18.3° 184° 183°¢ 19.0° 186“ 183° 6.0° 64° 6.9° 6.7° 6.8° 6.7°
T2 11.8° 1187 13.0° 134° 133° 132° 319 3379 37° 40° 34° 34°
T3 19.5° 19.8° 20.7° 215° 224° 235° 35° 37° 37° 38° 34° 33°
T4 254° 248° 235° 238° 246° 215" 6.0° 6.2° 6.8° 6.8° 6.8° 6.7°
T5 87.7° 91.4° 87.7° 93.0° 102.3° 1028°% 7.5° 7.3° 75° 7.7° 83° 7.8°
C.V. (%) 416 578 342 438 239  7.83 349 380 151 159 1.88 3.2

'T1= Coated seed with polyvinyl alcohol (5%); T2= Coated seed with polyvinylpyrrolidone-K30 (10%);
T3= Coated seed with polyvinylpyrrolidone-K90 (5%); T4= Coated seed with hydroxypropylmethy! cellulose
(5%); T5= Commercial control; T6= Untreated seed

Means in the same column followed by the same letter are not significantly different by least significant

differences (LSD) at 0.05 probability level, C.V. (%) = variation coefficient percentages
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Germination percentage and germination index
Germination percentage values ranging from
97 to 100% were observed among treatments and
the treatments were not significantly different for
germination percentage at immediate evaluation
under laboratory conditions (Table 3). Significant
differences among treatments were observed for
germination percentage at immediate evaluation
under greenhouse conditions, whereas other
treatments ranging from 98 to 99% were similar
to commercial and untreated controls (100%).
Differences among treatments were also
significant for germination index. All tested
treatments ranging from 22.8 to 24.3 were

significantly higher than untreated control (21.1),
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whereas three tested treatments (polyvinyl alcohol
(5%), K30 (10%) and hydroxypropyl methyl
cellulose (5%)) ranging from 23.8 to 24.3 were

significantly higher than commercial control.

Germination percentage under laboratory condition

Germination percentages ranging from 94
to 100% were observed among treatments stored
under controlled conditions, whereas germination
percentages ranging between 95 and 100% were
observed among treatments stored under ambient
conditions (Table 4). The treatments were not
significantly different at most evaluation times for
seeds stored under controlled and ambient

conditions.

Table 3 Germination percentages and germination index of hybrid cucumber seeds coated with different

formulation evaluated immediately after coating under laboratory and greenhouse conditions

. Germination (%) Germination

Formulation )

Laboratory Greenhouse index
polyvinyl alcohol (5%) 99 98 * 24.1°
polyvinylpyrrolidone-K30 (10%) 99 99 ° 24.3°
polyvinylpyrrolidone-K90 (5%) 99 99 ° 228%
hydroxypropylmethyl cellulose (5%) 100 97° 23.8°
Commercial control 99 100 ° 220
Untreated control 97 100 ° 21.1°
CV. (%) 1.74 1.4 4.6

Means in the same column followed by the same letter are not significantly different by least significant

differences (LSD) at 0.05 probability level, C.V. (%) = variation coefficient percentages

Under controlled conditions, significant
differences among the treatments were observed
at 6 months after storage. Under ambient
conditions, differences among the treatments
were significant at 10 months after storage.
Polyvinylpyrrolidone-K90 (5%) with germination
percentage of 95% was significantly lower than
commercial control (99%) and untreated control
(99%).

Germination percentage under greenhouse
condition

Under controlled conditions, germination
percentages ranging from 78 to 100% were
observed among the treatments evaluated at
two-month intervals for 10 months (Table 5). The
treatments were not significantly different for most
evaluation times except at six months after

storage. Polyvinylpyrrolidone-K30 (10%) and



708 WNULNEAT 44 (4) : 703-712 (2559).

polyvinylpyrrolidone-K90 (5%) with germination significantly lower than commercial control (100%)

percentages of 94 and 96%, respectively, were and untreated control (100%).

Table 4 Means for germination percentage of hybrid cucumber treated seeds with coating formulations, stored
under ambient and controlled conditions and evaluated under laboratory condition at two-month

intervals for 10 months

Storage intervals (months)

Formulation’ Controlled condition Ambient condition
2 4 6 8 10 2 4 6 8 10

T1 98 98 99 *° 98 100 97 98 98 99 100°
T2 100 97 94 ° 98 98 99 98 97 94 99 °
T3 100 99 96> 99 100 98 98 95 97 95°
T4 100 100 99 *° 98 99 99 100 97 96 100°
5 97 97 100 ° 97 99 97 97 98 98 99 °
6 99 99 100 % 98 99 99 98 99 98 99°

C.V. (%) 1.6 1.96 2.5 1.89 1.38 2.03 1.9 3.3 3.3 1.84

'T1= Coated seed with polyvinyl alcohol (5%); T2= Coated seed with polyvinylpyrrolidone-K30 (10%);
T3= Coated seed with polyvinylpyrrolidone-K90 (5%); T4= Coated seed with hydroxypropylmethyl cellulose
(5%); T5= Commercial control; T6= Untreated seed

Means in the same column followed by the same letter are not significantly different by least significant

differences (LSD) at 0.05 probability level, C.V. (%) = variation coefficient percentages

Table 5 Means for germination percentage of hybrid cucumber treated seed with coating formulations, stored
under controlled and ambient conditions and evaluated under greenhouse condition at two-month

intervals for 10 months

Storage periods (months)

Formulation' Controlled condition Ambient condition
2 4 6 8 10 2 4 6 8 10
T1 100 97 98 95 *° 82 100° 98 99 75° 79
T2 100 98 98  93™ 86 94° 97 98 92° 86
T3 100 100 98 96 ° 84 99° 98 97 92° 76
T4 100 99 98 90 ** 84 100* 98 97 99° 67
T5 100 97 97 88 ° 78 98° 95 98 96 ° 77
T6 100 97 97 90 ™ 83 99° 98 98 93° 81
C.V. (%) 0.6 2.2 2.0 3.71 7.7 2.4 3.7 3.3 6.9 10.5

'T1= Coated seed with polyvinyl alcohol (5%); T2= Coated seed with polyvinylpyrrolidone-K30 (10%);
T3= Coated seed with polyvinylpyrrolidone-K90 (5%); T4= Coated seed with hydroxypropylmethy! cellulose
(5%); T5= Commercial control; T6= Untreated seed

Means in the same column followed by the same letter are not significantly different by least significant

differences (LSD) at 0.05 probability level, C.V. (%) = variation coefficient percentages
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Under ambient conditions, germination
percentages were ranging from 75 to 100%.
Significant differences among the treatments were
observed at 2 and 8 months after storage,
whereas the treatments were not significantly
different at other evaluation times. At eight months
after storage, polyvinyl alcohol (5%) with
germination percentage of 75% was significantly
lower than commercial control (96%) and
untreated control (93%), whereas other treatments
were not significantly different from commercial

control and untreated control.
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Germination index

Under controlled conditions, germinations
index were ranging from 19.2 to 25.0 (Table 6).
Polyvinylpyrrolidone-K90 (5%) with germination
index of 23.8 was significantly higher than
commercial control (21.8) and untreated control
(22.1), whereas other treatments were similar to
commercial control and untreated control. Under
ambient conditions, germination index ranged

between 14.8 and 24.9.

Table 6 Means for germination index of hybrid cucumber treated seed with coating formulations, stored under

controlled and ambient conditions and evaluated under greenhouse condition at two-month intervals

for 10 months

Storage periods (months)

Formulation' Controlled condition Ambient condition
2 4 6 8 10 2 4 6 8 10

T1 250 233 242 235%® 201 247° 224%* 244 180° 196%
T2 249 238 242 229%° 213 230° 2397 241 221° 211°
T3 248 241 242 238° 208 245° 236° 239 226® 168"
T4 25.0 241 242 223" 206 249° 2387 241 242° 148°
T5 247 230 236 218° 192 242% 210° 241 232% 181°%°
T6 250 238 240 221%™ 206 24.6° 23.7° 243 229% 201%®

C.V. (%) 07 31 205 0.9 8.0 2.7 4.3 3.7 5.8 12.8

'T1= Coated seed with polyvinyl alcohol (5%); T2= Coated seed with polyvinylpyrrolidone-K30 (10%);

T3= Coated seed with polyvinylpyrrolidone-K90 (5%); T4= Coated seed with hydroxypropylmethyl

cellulose (5%); T5= Commercial control; T6= Untreated seed

Means in the same column followed by the same letter are not significantly different by least significant

differences (LSD) at 0.05 probability level, C.V. (%) = variation coefficient percentages

Significant differences among the treatments
were observed at 2, 4, 8 and 10 months
after storage. At 2 months after storage,
polyvinylpyrrolidone-K30 (10%) with germination
index of 23.0 was significantly lower than

commercial control (24.2) and untreated control

(24.6). At 10 months after storage, hydroxypropy!
methyl cellulose (5%) with germination index of
14.8 was significantly lower than commercial
control (18.1) and untreated control (20.1), and
other treatments were similar to commercial

control and untreated control.
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Discussion

Viscosity, film dissolving and pH of coating
formulations

All tested formulations were similar in viscosity,
pH and fim dissolving. The tested formulations
had lower viscosity and pH than did the
commercial product, and they also dissolved
much faster than the commercial product. The pH
values in this study were in the ranges reported
previously (Harwood and Johnson, 1994; Abu
Baker, 2012). Coating polymers should possess
optimal pH values within a range from 6 to 8
(Kittipongpattana, 2005). Polyvinylpyrrolidone-K30
(10%) and polyvinylpyrrolidone-K90 (5%) were
not suitable for seed coating as they had the pH
values lower than this range although viscosity
was acceptable.

The chemical and physical properties of the
coating formulations were considered as the
properties of mixed formations, and they were not
the properties of individual components. It is
difficult to judge the appropriate formulations
based on viscosity alone as high viscosity does
not indicate high quality. Seed industry can select
the range of viscosity that is appropriate for seed
coating when the formations are mixed with other
materials such as additive and active ingredients.
Appropriate formulations should be related with
the coating machines. In general, higher viscosity
can cause thicker layer of the polymers adhered
to the seeds.

The tested formulations were dissolved
faster than the commercial product. The rapid fiilm
dissolving ability of the tested formulations may
not be of advantage due to a rapid loss of
important coating elements such as insecticide,

fungicide and others. The losses may be taken
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place more rapidly by the processes of seepage
and percolation in soil.

Hydroxypropyl methyl cellulose (5%) (HPMC)
mixed as a formulation had higher viscosity than
other tested polymers but it still had much lower
viscosity than the commercial product. The high
viscosity value of HPMC was reported previously
in other studies (Korkasetwit et al., 2008; Chitropas
etal., 2008). In this study, pH values of HPMC as
a formulation not an individual component ranging
between 6.0-6.8, and the pH values were in the
range reported in other investigation (Korkasetwit
etal., 2008). The polyvinylpyrrolidone-K30 (10%)
and polyvinylpyrrolidone-K90 (5%) had low
viscosity values ranging from 11.8 to 13.4 m/sec
and 19.5 to 23.5, respectively, and low viscosity
values could result in thin layer of seed coating
which is considered unfavorable. Different types
of coating polymers possessed different values
of viscosity and pH when used as coating
formulations (Chitropas et al., 2008). In this
current study, it was found that the viscosity
values of most formulations were not changed
after 6 months of the storage except the
commercial product which was slightly increased
about 15%. Stability of the super-hydrophobic
coating polymers was relatively high and able to
last for several days, particularly with the mildly
basic and strong acidic solutions but deteriorated
faster under strong basic conditions (Zimmermann
et al., 2007). In terms of stability, the tested
formulations were more stable than commercial
product and they could be used as alternative
formulations as stability of the formulation is a

favorable property.

Germination percentage and germination index
Seed coating is used for adding active

ingredients for protecting seeds from storage
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pests and diseases, soil born diseases and
insects. The active ingredients may eliminate
pathogenic contamination, and able to protect
seeds from other biological damages. When they
are sown into the soil for crop production it may
largely induce the growth of the seedlings with
time (Brooker et al., 2007; Jamieson, 2008).
Germination test was carried out immediately
after seed coating under both laboratory and
greenhouse. The results revealed that the
germination percentages were rather similar
among the treatments. However, clearer
differences among the treatments were observed
for germination index, and all tested formulations
had higher germination index than did commercial
control and untreated control. The results
indicated that germination index might be a better
parameter than germination percentage and
could better discriminate the small differences
among the treatments.

The ranges of germination percentages in
laboratory were high under both controlled and
ambient conditions although the seeds were
stored for 10 months. In general, there was no real
effect of formulation on germination percentage
as significant differences among the treatments
were found only one sampling date under
controlled (6 months after storage) and ambient
(10 months after storage) conditions. The low
variation among the treatments for germination
percentage would be possibly due to high
germination percentage and low effect of
treatment. The results indicated that this seed lot
was very stable although it was stored for 10
months and the polymers used in this study did
not affect germination percentage. Seed coating
formulations should not possess any undesirable
effects to seeds such as deformation, abnormality

during germination processes (Kumar et al.,
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2007). Some polymers could be toxic to the seeds
and the toxicity was dependent on polymer and
crop species (Bardin and Huang, 2003).

Similar to germination in laboratory, germination
in greenhouse did not show real effect of
treatment although significant differences among
the treatments were found for controlled conditions
at 8 months after storage and for ambient
conditions at 2 and 8 months after storage. The
difference between germination in laboratory and
greenhouse was the low germination percentage
in greenhouse at late sampling dates indicating
that the quality of the seed lot was reduced when
the seed was stored for long period and
germinated in greenhouse.

Germination index provided the results
similar to germination percentage especially for
germination in laboratory in which under
controlled conditions. However, significant
differences among the treatments was found at
8 months after storage only. Although storage
under ambient conditions provided high variation
for germination index, the differences among the
treatments were still not clear because of the
interactions between treatment and sampling
date. In this study, the tested formulations of seed
coating were similar to commercial control and
untreated control either immediately after

application or over time during storage.

Conclusion

The tested formulations were similar to
commercial product and untreated control for
germination percentage and germination index.
The results indicated that the tested formulations
did not have deleterious effects on germination
percentage and germination index. The results in

this study supported general findings that coating
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materials do not have significant effects on seed
germination and germination index. None of the
tested formulations posed a risk to seed quality.
All tested formulations were less viscous than an
un-identified commercial coating and the
viscosity of all tested formulations was stable. The
most suitable polymer will depend entirely on the

needs of a particular slurry mix.
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