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Abstract: Major factors and their significant levels affecting the novel rice seed coating agent were examined
and determined in this paper. The most desirable basic coating agent was selected out for cultivation of rice
by soak seeding, followed by addition of different active compounds and various formulae were proposed. The
influence of coating film on the main performance indexes (germinability, germination percentage, bacteriostatic
ratio) were studied. All significant changes represented improvements over the control. The results indicated
that basic coating agent No.7, which was safe for seed germination of the soak seeded rice, was relatively more
ideal than the tradition agent used. Correlative analysis proved that the main performance indexes in the field
experiment had significant positive correlation with in the laboratory experiment. Yield increasing rate was
increased by11-24.3% compared with the traditional seed coating agent, while the cost had declined by
25%.Tested results and analysis show the novel rice seed coating agent is of three characteristics of excellent
quality, high performance-price ratio and environmentally friendly.
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INTRODUCTION in which several material as fertilizers, nutritional elements,

Providence of sufficient and healthy food for regulators, chemicals , pesticide etc, add to seed by
increasing human population clears the importance of adhesive agents and cause to increase seed performance
notice to increasing crop production in company with and germination [6,7]. Seed treatments are used to
environmental loss reduction. Growth and yield of every incorporate pesticides onto the seed coat and to decrease
plant with sexual reproduction, depends on germination the disease susceptibility of the seed during its
and emergence of sown seeds. Seed is a small alive plant germination in the soil [8]. In addition, by altering the
that its biological  function  is  protection  and  nutrition movement of water across the seed coat and by
of embryo. Biological, chemical and physiological incorporating protective pesticides in the coating, seed
characteristics of seed, affect on plant  performance and coating polymers can enhance the germination and
its resistance to undesirable environmental conditions survival of the seed under adverse environmental
and  even  on  its total yield. So attention to seed and try conditions [9]. Seed coating, leads to increase benefits in
to increase its performance is so important. One of the seed industry, because seeds can use all of their genetic
factors that cause reduction in germination percentage vigor. This technique is used for seeds of many garden
and seedling establishment is seed disease. It's possible plants, valuable crops and some of the grasses [10,11].
to control these diseases by treating the seed before Now the research and extension of seed coating have
planting it [1] . Coating the seed with pesticides, is one of achieved remarkable results [12,13] and the technique of
the ways to gain this goal [2-5]. film-forming and slow-release and the researching of new

Since the seed coating agent for rain-fed crops first formulations of rice seed coating agents have also
in the 1930s, the research and development of the seed achieved significant progress [14-19]. Approach materials
coating agent has been rapid. Seed coating is a technique are  used  with seed, evaporation or leakage of pesticide

moisture attractive or repulsive agents, plant growth
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and also adverse effects of some pesticides on seeds are of Tongji Medical College of Huazhong University of
diminished and these factors cause to increase the Science and Technology.
accuracy and performance of pesticide, decrease their  
consumption and costs. However, generally, the Seed Treatments: Seed treatments consisted of exposing
traditional seed coating agent contains thiram, seeds to be coated with the novel seed coating agent and
carbonfuran and other toxic elements. In the use of these traditional seed coating agent, respectively. Untreated
toxic seed coating agents will bring serious environmental seeds were used as control. Five gram of seeds was used
pollution and harm to human being and animals. Another, for each carrier solvent treatment in each experiment. After
traditional rice seed coating agent in use of easily weighing, the 5 g of seeds was transferred to a plastic film
dissolved material into film and the process of leaching bag which was new and clear. The bag with the seeds
and reduced components of drug effective  utilization were stirred for the sake of forming film. After coating,
impact effect [20,21]. Therefore, how to develop a safe and seeds of each treatment were dried in a ventilated forced-
efficient green rice seed coating has become a current air drying box for 30 minutes at ambient laboratory
priority task of agriculture and environmental protection temperatures until all of the solvent had evaporated.
to the important issues [22-25]. The research of a natural
polymer materials and biological antibacterial agent for the Germination Conditions: All treatments were evaluated
major components, complemented by a new type of under the identical conditions using Petri dishes (5.5 cm
fertilizer and trace elements environmental rice seed, diameter), Becton Dickinson Medical Devices (Shanghai)
which not only in the use of the process free (one year Co Ltd. Containing single sheet of germination blotter
after natural degradation) and bring back to the organic paper moistened with 5.0 ml of distilled water. Forty seeds
soil fertility, but has a highly-efficient and were uniformly distributed in each Petri dish. An
environmentally friendly features. illuminated Precision Model WS-01 incubator (Huangshi

MATERIALS AND METHODS temperature of 18°C night and 28°C day with a 12 h

Varieties for Examination: Seeds from an improved increments during the germination period as necessary to
selection of rice were used for all the experiments. This maintain seed hydration during the germination period.
seed source was grown under irrigation at Hubei Germination counts were made every 3 days for a 10-day
Provincial Seed Group Co,Ltd.China. period.

Seed Coating Agents for Examination: Suitable Laboratory Experiment: Carries on the comparison with
concentrations of insoluble natural polysaccharide makes the blank group (called as CK) and if the experimental
the filmogen, emulsifier, dispersing agent, antifreeze, groups surpasses the traditional group and the blank
antiseptic, defoamer, natural pigment and so on non- control group and reached the maximum, respectively ,and
active ingredients and B.t bacteriostat, trace element the seed coating formula called as the best preliminary
fertilizer, plant growth regulator and so on active formula for laboratory in the contrast experiments. First on
ingredients were added to the film-forming compound of the basis of the preliminary formula, the optimization of
the soaking suitable novel environmental rice seed the formula were selected by adjusting factors, such as
coating agent(called as self-made),respectively. 18% the pH, the natural polysaccharide concentration and
thiram/carbofuran/prochloraz seed coating agent of rice as molecular weight, the B.t concentration ,and so on, then
a control group, which provide by Tianjin North Seed through adjusting and optimizing the formula to carry on
Group Co,Ltd, China(called as Trad). the contrast experiment again to find a better formula than

Apparatus for Examination: Constant temperature and experimental formula to carry on the safety experiment
humidity incubator, high-pressure steam sterilizer, next step.
electronic scales, electronic constant speed blender, the
microscope. Germination Tests: According to ISTA Seed Testing

Experimental Animals: Sprague-Dawley (SD) rats, temperature-controlled incubator(WS-01) with a 12 h
weighing 220 g were provided by Animal Testing Center photoperiod, provided an alternating temperature of 18°C

Medical Appliance Co. China) provided an alternating

photoperiod. Distilled water was added in 2.0 ml

the preliminary formula and finally takes it as the final

Methods, germination tests were conducted in a light-and
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night and 28°C day with humidity of 85 percent for seed days, the length of roots, the height of seedling and the
germination training. Seeds were incubated on a sheet of growing stages were surveyed and the yield were
filter paper moistened with 2ml of distilled water in Petri determined with three replications. The experiment was
dishes (5.5 cm diameter). Four replications of 40 seeds terminated at 10 weeks when the plants had matured and
were used for each treatment. were harvested. From each plot (replicate), the total

Survey the germination conditions every 24 hours, number of established plants were counted and recorded.
the emergence of the radices was the criterion in One hundred plants were randomly selected and the
determining germination, the final germination time was number of seeds and their weight per each head was
determined when no more germination was observed for determined. Total yield for each plot was determined by
a week. Then calculated the 4rd germinability, calculated weighing the seeds of all established plants after
the 10th cumulative germination of the seed. the formulae threshing and cleaning.
are as follows [26]:

Germinability (%)  = Numbers of initial germination/Total
seeds investigated×100% The Preliminary Results of the Contrast Experiment in

Germination Cumulative germination/Total seed experiment are shown (Fig. 1), CK is the uncoated seed,
percentage (%) = investigated×100% 18% thiram/carbofuran/prochloraz seed coating agent of

Antibacterial Test: According to microbial experimental coating agent, No. 1 to No. 8 are eight different
requirements, the formula of the bacteriostatic ratio is as formulations of environmentally friendly rice seed coating
follows [27]: agents.

The bacteriostatic (control colony diameter×treated performance indexes of rice seed coating agent No.7 were
ratio(%) = colony diameter)/control colony superior to the traditional seed coating agent and No.7 is

diameter×100% the best of all. Compared with traditional its germinability,

Safety Experiment: Experiments were carried out increased by 9, 12 and 4%, respectively, while its cost was
according to the Chinese standards of GB 15670-1995 decreased by 35%. Therefore, No.7 is the best primary
"Toxicological Test Methods for Pesticides Registration". formulation in the laboratory experiment and will be the
Perform experiments on SD rats acute oral toxicity test and basic formulation for the next orthogonal experiment in the
SD rats acute skin toxicity test of the self-made seed lab.
coating agent and the traditional seed coating agent,
respectively [28,29]. According to experimental data, the The Results of Small Scale Experiment after the
toxicity and the safety of the self-made seed coating agent Adjustment and Optimization of the Primary Formula:
and the traditional seed coating agent were estimated by Based on the formulation of seed coating agent No.7,
using the method to conduct the latter experiments. optimize the formulation by adjusting the concentration of

Field Experiment: After cleaning, the rice seeds for formulas with higher quality price ratio in the laboratory
examination were coated with the novel seed coating experiment.
agents mentioned above in the proportion of 1:50 (w/w)
and then dried by airing to prepare for soaking in water for Effects of the Concentration of Polysaccharide on the
24 h at25EC, the plots of the experimental field in Hubei Main Performance Indexes of Seed Coating Agent:
Provincial Seed Group Co, Ltd, China, on 15 June, 2007. Adjust the concentration of polysaccharide while keep
The experiments were designed as a randomized block other components and dosage unchanged. The result of
design with each treatment consisting of a 2.0×3.0 m plot the impact on the main performance indexes can be seen
separated from each other by a row 20cm wide. Each plot (Fig. 2).
was sown either with treated seeds or with untreated It can be seen from the Fig. 2 that the concentration
seeds to serve as control. For each plot, 250 seeds were of polysaccharide have influence on the main performance
planted, each treatment replicated three times. After 30 indexes   of   No.   7.   Such  as  germinability,  germination

RESULTS

the Laboratory: The elementary results of the contrast

rice is the currently recognized better traditional rice seed

It can be seen from the Fig. 1 that its main

germination percentage and bacteriostatic ratio were

polysaccharide and B.t bacteriostat, to find several better
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Fig. 1: The elementary results of contrast experiments among seed coating agents in the lab 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Effect of polysaccharide concentration on the main performance indexes 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: Effect of B.t bacteriosta’s dosage on the main performance indexes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: Effect of ethylene glycol’s dosage on the main performance indexes 
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percentage, bacteriostatic ratio were increased with formula   (the  concentration  of  polysaccharide  is  4%,
increasing of the concentration of polysaccharide in the B.t bacteriosta’s dosage is 4%, ethylene glycol’s dosage
ranges from 1 to 4%, almost reached maximum at 4%, is 3%).The result of the impact on the main performance
respectively. While increasing the concentration of indexes can be seen (Fig. 5).
polysaccharide, the main performance indexes were It can be seen from the Fig. 5 that the germination
decreased somewhat. So, the concentration of percentage, bacteriostatic ratio was both increased with
polysaccharide is 4%. increasing  pH  in  the  ranges from 5.0 to 6.0 and almost

Effects of B.t bacteriosta’s Dosage on the Main performance indexes were decreased somewhat. So the
Performance  Indexes  of  Seed  Coating  Agent:  Adjust
B.t bacteriosta’s dosage while keep other components
and dosage unchanged on the base of No.7 in the above
formula (the concentration of polysaccharide is 4%).The
result of the impact on the main performance indexes can
be seen (Fig. 3).

It can be seen from the Fig. 3 that the germination
percentage was increased with increasing of B.t
bacteriosta’s dosage in the ranges from 1% to 4%,and
almost reached maximum at 4%. While the dosage of B.t
bacteriosta exceed 4%, the germination percentage and
bacteriostatic ratio were decreased somewhat. So, the best
dosage of B.t bacteriosta is 4%.

Effects of Ethylene Glycol’s Dosage on the Main
Performance Indexes of Seed Coating Agent: Adjust
ethylene glycol while keep other components and dosage
unchanged  on  the  base  of  No. 7  in the above formula
(the concentration of polysaccharide is 4%, B.t
bacteriosta’s dosage is 4%).The result of the impact on
the main performance indexes can be seen (Fig. 4).

It can be seen from the Fig. 4 that the germination
percentage was increased with increasing of ethylene
glycol’s dosage in the ranges from 1 to 3% and almost
reached  maximum  at  3%. Ehylene glycol as the
dispersing agent can help to reduce the viscosity of seed
coating agent when the content exceed 3% and has a
higher  separation rate of the film, so possesses a bad
film-forming property.

Effects of pH on the Main Performance Indexes of Seed
Coating Agent: Adjust pH while keep other components
and dosage unchanged on the base of No.7 in the above

reached maximum at 6.0. While increasing pH, the main

best pH of self-made seed coating agent is 6.0.
Decomposition of polysaccharide, loss of active
components of B.t bacteriosta and destroy the bond
structure of the colloid when pH was too low or high.

Safety Experiment of the Seed Coating Agent: According
to most of seed coating agents were mixed-ligand
complexes at present, acute oral toxicity and acute skin
toxicity in SD rats depend mainly on high toxicity of
insecticide. Experiments were carried out according to GB
15670-1995 "Toxicological Test Methods for Pesticides
Registration". and acute skin toxicity in SD rats of the
self-made seed coating agent and the traditional seed
coating agent, respectively.

As for acute oral toxicity test, the time of high dose
group of the traditional seed coating to agent exposed
rats is 3 min to 6 min, the toxic symptoms such as
systemic muscle spasm, salivation, even convulsion, nose
and eyes outflow sticky secretion in 12 hours before
death; The time of the toxic symptoms of middle dose
group is lower than high dose group; low dose group has
slight muscle spasm. As for acute skin toxicity test,
consecutive observation for two weeks after exposure to
toxicant by conventional method. The results of safety
experiment can be seen (Table 1).

These is no significant difference between the median
lethal dose (LD-50) to the male and that to the female
mice(t=1.5,P>0.05) for Self-made group, the acute toxicity
of Self-made group in this study is extreme low. The
safety quality accord with the standards of China.

The Experimental Result after Optimization Formula:
The  comparison result of the formula of  self-made  seed

Table 1 Results of safety experiment
Results of acute toxicity test
-----------------------------------------------------------------------------------------------------------------------------------------------------------------

Experimental group LD 50/mg kgG Toxicity classification Eye irritation classification Skin irritation classification-
1

Self-made group 731(male) Low toxicity Naught Naught
593(female) Low toxicity Mild Naught

Tradition group 243(male) Middling toxicit Moderate Naught
108(female) Middling toxicity Mild-Moderate Naught
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Table 2 The comparison results of field experiment

Experimental group

------------------------------------------------------

Main performance indexes No. 7 Trad CK

Seedling height/cm 28.8 21.8 21.6

Root length/cm 7.8 5.7 6.3

Germination proportion 97.0 83.0 73.0

Yield increasing rate/% 24.3 13.3

Toxicity and pollution No Serious No

Cost decline rate/~ 25.0 - -

coating agent (No. 7) after optimization with CK and Trad
was shown (Fig. 6).

It can be seen from Fig. 6 that self-made seed coating
agent noticeably improved the main performance indexes
after optimization. Such as the germinability, germination
proportion and bacteriostatic ratio increased by 12, 16 and
95%,respectively, when compared with CK; also increased
by 10, 16 and 8%,when compared to the control. While the
cost has decreased by 25%, so has obvious high
performance-price ratio. Moreover we have discovered in
the research that the robusticity of rice seedlings by the
self-made seed coating agent is obviously better than the
robusticity of rice seedlings by the traditional seed
coating agent.

The Comparative Result of Field Test: Field experiment
was carried out with formulas (including No7) which
perform a higher cost-performance than the traditional
seed coating agent, adjusting the better formula further on
the base of field experiment and finally getting the best
formula of field experiment No7. The comparative result
was shown (Table 2).

It can be seen from Table 2 that self-made seed
coating agent noticeably improved the main performance
indexes:  the  germination  proportion  increased 14 to
24%, seedling height growth increased 7.0 to 7.2cm, root
length increased 1.5 to 2.1cm, yield increasing rate
increased 11 to 24.3%. Compared with the traditional seed
coating agent, while the cost had declined by
25%.Correlative analysis proved that the main
performance indexes in the field experiment had significant
positive correlation with in the laboratory experiment.
Under field conditions at Hubei, self-made seed coating
agent treatment of rice seeds significantly (P =0.05)
improved root length, seedling height. The yield obtained
from rice seeds treated with self-made seed coating agent
were significantly (P=0.05) higher than both CK and the
controls. Improvement in seedling parameters appeared to
have led to higher yields. The B.t bacteriosta effectively

controlled and reduced disease severity. The use of the
environmentally friendly formulation appears to give
effective control of foot and root diseases in irrigated rice.

DISCUSSION

Firstly, the natural polysaccharide has a good film-
forming property, which abundant in nanometer film holes
with good breathability, water permeability, not only
guarantees enough water and oxygen for seeds during
normal germination, but also lays foundation for
sustained release of active ingredient. The release of the
active ingredient from the polysaccharide seed treatments
is less affected by water leaching as compared to
commercially available water-soluble seed treating
polymer formulations. This is most likely due to the
natural polysaccharide unique polymer cross-linking
characteristics.  The  film-forming  image  can  be seen
(Fig. 7).

This kind of semi-permeable film can maintain the
seed moisture and absorb the soil moisture, thus can
promote seeds to germinate [30]. On the contrary, it can
cut off the excessive soil moisture to prevent the seed
from corrupting. Furthermore, the natural polysaccharide
film also has the good selected permeability, which can
prevent oxygen from entering the film, restrict CO  to2

leave the film and maintain a high density of CO  in the2

film [31], it can increase the activity of certain enzymes of
the seeds. The comparison figure of ectoblast section
between the seeds coated by self-made seed coating
agent and the uncoated seeds can be seen (Fig. 8).

It can be seen from Fig. 8, the left coated seed has a
more plentiful thick film than the right uncoated seed. It is
the natural polysaccharide film that of vital effect to the
yield-increasing and bacteriostasis. 

Secondly, combined with trace elements, fertilizer and
other substances, the natural polysaccharide can improve
the activity of amylase in the seeds and accelerate
amylohydrolysis, increasing soluble sugar content and
enhancing the activity of protease with speeding up
conversion to protein and increasing free amino acid
content. All these promote the activity of hydrolase in rice
seeds, which is conducive to degrade internal storied
material, thus contributing to the growth of rice seedlings.
Finally, the active ingredient in the film is released slowly
through the membrane channels and the active
ingredients released can be absorbed into sprout through
the root system or the embryo. Later the active contents
are absorbed to the parts without application of chemical
on  ground, preventing from suffering disease and insects
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Fig. 5: Effect of pH on the main performance indexes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6: Optimization formula and comparison with CK and Trad 
 
 
 
 
 
 
 
 
 
 
Fig. 7: The film-forming image of natural polysaccharide in SEM 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8: The ectoblast section comparison between coated seed (left figure) and uncoated seed (right figure) 
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and then promoting growth. In addition, the degradation 2. Basedow,    T.,    H.R.    Ossiewatch,    V.A.   Bernal,
cycle of natural polymer in the natural conditions is longer
than growth cycle of rice, so it does not only be free from
contamination, but also bring back organic fertility to soil,
so it is green product. 

Besides better film performance, the natural
polysaccharide is also naturally antibacterial, supporting
repellent effect to those bacteria carried by seed and in
soil. Moreover, these seed coating polymers with the
addition of pollution-free fungicides display that the
active ingredients can readily provide a zone of fungal
inhibition around the seed as it germinates in the presence
of Fusarium, Rhizoctonia solani Kuhn, causal agent of
charcoal rot of rice. 

CONCLUSIONS

Optimal formula and resulting germination (98%) were
obtained using the natural polysaccharide consisting of
a mixture of fertilizers, different active compounds and
trace elements and the use of a kind of B.t bacteriosta as
a fungicides. This optimal seed treatment had several
desirable qualities were researched. This optimal seed
treatment increased the yield of rice by 24.3%, as
compared with untreated seed. Comparing with the
traditional cotton seed coating agent, the yield was
enhanced by 11%, its cost was decreased by 25%,
meanwhile non-toxic and harmless to human and
livestock, non-polluted to the environment, so has
obvious economic and environmental benefits in the main
rice producing places.
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