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Abstract— Coating legume seeds with Rhizobia have met a little success because of the difficulty in supporting bacterial survival on
the seed coating agent. Accordingly, these studies aimed (i) to determine the best seed coating for mulations to maintain the survival
of Rhizobium phaseoli population on the surface of coated bean seed over a storage period of 0, 24, and 48 hours at 40°C for
laboratory trial, and (ii) to evaluate the best formulations for common bean growth and yield for field trial. Twelve seed coating
formulations (SCFs) were used to coat garden bean seeds for the two studies. The results showed that four SCFs were the best
for R. phaseoli survival throughout the storage period. They contained combinations of gum arabic and peat moss (100%), gum
arabic and peat mosstbiochar (25%:75%), carboxymethyl cellulose and peat moss (100%), and carboxymethyl cellulose and peat
mosstbiochar (25%:75%). These four Rhizobia seed-coating formulations also promoted the best common bean growth and yield
based on nodule number, plant dry weight, and grain yield indicators. Overall, these studies suggest that the four SCFs promoted the
highest increase in nodulation, plant biomass production, and grain yield due to their ability to maintain the highest survival of R.
phaseoli population on the surface of coated bean seed.
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Indonesia and other tropical parts of the world occurred
I. INTRODUCTION because this crop is cultivated by intercropping in areas

As an essential grain legume, common be2aseolus characterized by low soil nutrient availability and low
vulgaris L.) also called a garden bean, green bean, or dryr"’“nfaIII throughout its growing - season [6]. Meanwhile,
bean develops mutual partnerships with soil bacteria knowngarden. bean_ consumption mcrea;ed frpm 0.826
as Rhizobia. This legumeRhizobia symbiosis is responsible kg/capita/year in 2014 to 1.1147 kg_/cap|ta/year n 2015 [5].
for the establishment of biological nitrogen fixation (BNF) In years to come, the_ Inc_ioneS|an farm_ will f_ace a
through the formation of nodules on common bean roots [1]_con5|dera_\ble challe_nge p”ma“'y to meet_ the increasing need
In this mutualism, BNF is responsible for enhancing soil for protein and micronutrients fro_m this crop dqe to an
fertility by fixing atmospheric nitrogen @) [2]. Meanwhile, increase in the Indor!eswm pop_ulat|0n. Therefore, increasing
garden bean plays crucial roles for more than 300 million _garden_bean produ_ctlon IS cru_C|aI to meet the demand of the
people diets in the tropics by supplying protein, mc;ez_;}smﬁ] Indonesian pofpulatlon. 0 duct
carbohydrate complex, and micronutrients such as iron, zinc, ol characteristics of most common bean production
thiamine, and folic acid for food [3], [4]. Parts of this crop areas in the world, espemally N 'Udon‘?s'a and °Fhef .troplcal
containing these high nutritional substances for human foogscountries, are low nutrient and soil moisture availability [7].
include green leaves, green pods, immature, and maturd’U€ to these unfavorable ecosystems, the most common

seeds, while stems or straws function as fodder for animalpraCtice by local farmers fqr incre{;\sing i.t_s yield is ?0 app_ly
feed an enormous amount of inorganic fertilizers routinely in

The worldwide garden bean production per year is their crop fields to compensate nitrogen insufficiency [8].

estimated at 12 million tons [3]. In Indonesia, a general hi IQ the rec_enlltj paljt, the usE of fertilizers ha;]s procrjnoted
review of four years’ reports from 2011 to 2014 showed thatf ':Ci_ Er crop yielas. qwiver_, the same appgoa_(lz_hes tg ay afre
production reduced gradually from 334,669 tons in 2011 to [@iling to guarantee similar improvements [9]. The abuse o

318,328 tons in 2014 [5]. The decline in production in fert?lizers, W_hich is presently observed in_ modern, intensive
agriculture, is the source of many undesirable effects on the
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environment, soil health [10§s well as adverse effects on dipping, while the solid inoculant inoculated in-furrow at the
human health [11] and soil-flora [12]. The loss of beneficial time of planting [15]. The application of these inoculation
soil microorganisms made agricultural lands unproductive techniques ended up with success for soybean [23]. However,
for future use. they were not applicable for large-scale purposes due to
Among synthetic fertilizers used, N is one of the essential concern on the high amount of microbial inoculum used [15].
mineral fertilizers for plant growth and development applied Inoculation on the seeds via seed coating enabled to
commonly in the form of urea containing 46% N [13]. Only overcome these drawbacks [15], [21], [24].
a small portion of applied N fertilizer was used directly by  Seed coating is a technique where specific external
the plant [9]. More than 50% of the applied N fertilizer is materials containing a sticking agent are applied by mixing
lost through different processes, e.g., emission in the form ofwith the seed until uniform coverage is achieved on the seed
nitrous oxide gas and leaching in the form of nitrate. Nitrous surface with the purpose of enhancing seed performances
oxide is a kind of greenhouse gas with an impact on global[25]. Seed coating was considered the most practical way of
warming comparable to that of CFCs, and its emission inoculation because of its proven benefits [20], [25]. Seed
causes air pollution [14]. Nitrate leaching also endangerscoating reduced the use of inoculant amounts, enabling to
human health because it makes water and food contaminatechinimize cost production and increase efficiency. Also, it
[9]. Consequently, an alternative approach, such as ecojositioned the inoculants in immediate contact with
friendly sustainable agriculture methods, has become angerminating seeds so that the microbial inoculant infected

option to improve crop yield. and colonized seedling roots directly and finally protected
The use of plant growth-promoting rhizobacteria (PGPR) the seedling roots against soil-borne disease and pests.
such as atmospheric N fixing bacteria ternfidzobium Coating the seed surface with either solid or liquid bacterial

currently becomes an option to support the eco-friendly formulations affected the effectiveness of the partnership
sustainable agriculture. These beneficial microorganismsbetween N-fixing bacteria and soybean plants [20], [24].
develop a mutual partnership with common bean and other The previous study on seed coating demonstrated that the
leguminous crops resulting in biological nitrogen fixation effectiveness of seed coating as a delivery system for
(BNF) [15]. Like other legumes, garden bean partnership arbuscular mycorrhizal (AM) fungal inoculum was like that
with Rhizobium, also known legum&hizobium symbiosis, of conventional soil inoculation [25]. Also, seed coating for
is characterized by nodule formation in their roots [16]. AM fungi delivery was more beneficial than conventional
Leguminous crops in partnership witRhizobium are soil inoculation due to less amount of infective inoculum
tremendously crucial because these useful microorganismsised and chemical fertilizer applied. Another experiment
can fix the atmospheric N and then convert it into usable studied the effect of biochar inoculant, and seed coating on
forms. They can fix about 44-66 million tons of Ahnually soybean revealed that the application of inoculated biochar
and convert it into usable forms to compensate nearly half ofvia seed coating promoted the formation of effective nodules
all the N used in the agriculture world [17]. The worldwide [24].
contribution of N fixed by legumes nodules such as pulses In practice, a method of preparing coated seed consisted
and oilseeds legumes are about 21.45 tons annually to globabf slurring seeds with an inoculant composition containing a
agricultural systems [14], [18]. ThuRhizobium can be used  beneficial microorganism, an adhesive agent, and a carrier
as a promising alternative to synthetic N fertilizers. The medium [26]. Concerning the beneficial microorganism,
application ofRhizobium in the form ofRhizobium inoculant only specific bacterial strains symbiotically associated with
not only increased soil fertility but also enabled to minimize specific crops so that infection of these strains into the root
the deleterious effects of the continued excessive use of Nof different crops did not occur. Thus, the selection of
fertilizer [19]. With this beneficial association, common effective Rhizobium strain together with the evaluation of
bean and other legume crops allow us to meet its all N need. appropriate carrier material for this strain was crucial to
The fruitful association between,flxing bacteria with guarantee the efficiency of the inoculant in the field [27].
legumes was able to be achieved by inoculation [20]. When delivered via seed coatinBhizobium inoculant

Inoculation is the addition of efficienRhizobium to compositions commonly consist of approprideizobium
leguminous seeds before planting to promote symbiotic N strain culture mixed with a solid-based carrier. The inoculant
fixation [9], [21]. In most soilsRhizobium inoculation is is put in intimate contact with the seed via an adhesive agent

necessary due to the uncertain presence of the activéo assure a quick formation of nodules in crop plants after
Rhizobium species or an insufficient number of the active germination. The adhesive agents function to attach the
Rhizobium to form root nodules [10], [15]. Also, it provides Rhizobia to the seeds, thus securing the required intimate
some advantages such as prevention on early N deficiencytouch between th&hizobium and the newly emerged roots.
the reduced demand of the leguminous crop upon soil N, ariThus, the adhesives used should have good coating
increase in crop yield, and improved crop quality [15], [21]. properties such as non-phytotoxic, readily biodegradable,
Different formulations of N-fixing bacteria inoculant have environmentally safe, excellent moisture retention, and
been developed either in the form of liquid or solid. The use inexpensive [27].
of a liquid polymer such as alginate, or polyacrylamide was Beside good coating characteristics, adhesive agents
familiar as a carrier material for liquid inoculant [22]. should protecRhizobia cells applied to seed against stressful
Meanwhile, a solidified material such as peat, clay, or environmental conditions such as elevated temperature and
vermiculite was utilized as a carrier material for stable low soil moisture availability [28]. Even in practice, the
inoculant [15]. The liquid inoculant was commonly applied temperature of the soil can be higher than 40°C during the
in the form of spray inoculation, soil drenches, or root midday in tropical regions. Exposure of inoculated seeds to
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these adverse conditions is inevitable because the inoculatethe potential use of biochar as carrier materials for
seeds are shown into a furrow. The two field conditions areintroducing PGPR into soils demonstrated good results. For
known as the most important environmental factors affecting example, biochar was an effective carriertfo preparation

survival and N fixing the effectiveness d®hizobia [28]. At of Burkholderia sp. L2 for tomato [12], Pseudomonas
last, good adhesive agents should be able to provide energlibanensis for corn [24], Pseudomonas putida UW4 [32,
sources as food for them. Enterobacter cloacae UWS5] [33], Rhizobium tropici [36],

Owing to its excellent coating characteristics, complete Rhizobia phaseoli for kidney bean [37]Bradyrhizobium
biodegradability, and renewability, adhesive agents such agaponicum for soybean [38]Bradyrhizobium sp. for lupin

GA, CMC, and sucrose, are considered as promising [39].
candidates for seed inoculant adhesive agents. The use of Biochar is an excellent, porous carbon-rich product
these adhesives for commercial microorganism inoculationgenerated from biomass pyrolyzes such as woody feedstock
was a common practice due to its successful role onmaterials, organic wastes (compost), and agricultural crop
promoting the survival oRhizobia cells applied to seed residues at a high temperature (> 4D)0under the complete
against unfavorable conditions in the field and storage roomoOr partial absence of oxygen [40]. Previous research
[27]-[29]. demonstratedthat physicochemical properties of biochar
The success of seed-coat inoculation depends not only offuch as pH, porosity, pore dimensions, surface area, the
adhesive agents but also on suitable carrier materials useccontent of labile organic carbon, and other fraction of
The primary criterion of a carrier used is to have an excellentmineral constituents are different depending on raw
ability to support the survival oRhizobia cells applied to ~ materials for biochar production, pyrolysis temperature, and
seed by offering protection against unfavorable conditions in Production processeg1]. Therefore, it is still necessary to
the rhizosphere [30]. To ensure this, the carrier used shoul¢inderstand specific biochar derived from a particular raw
have properties that meet the needs of the microbialMaterial such as oipalm empty fruit bunch (EFBjor
physiology. The properties include high water holding inoculant carrier.
capacity, pH buffering capacity, cation, and anion exchange AS stated earlier that different biochar generated from
capacity, non-toxic tdRhizobia, and excellent adhesion to Pyrolysis of different raw materials have been studied for
seed, and easy to sterilize, readily and inexpensive|ypreparation of different inoculum carriers. These studies
available, and h|gh survival during Storage for industrial demonstrated that biochar could be used as useful inoculum
requirements [30]. carriers for different PGPRs when applied on seeds as seed-
The most common inoculant carrier used at a Commercia|coat inoculation and in soils as soil inoculation. Even thOUgh
scale is irradiated peat because it meets most of the criteri@ione of these studies has targeted biochar primarily derived
listed above [30]-[32]However, peat is a non-renewable from oil palm EFB pyrolysis.
resource, and its excessive use is a significant environmental The use of many raw materials for biochar production was
concern. Moreover, its limited reserves have led to price possible. In Indonesia, a prospective raw material for biochar
increases, which ultimately restricts its use [30]. Therefore, Production is oil palm EFB from the industrial paim oil
it is necessary to seek alternative carriers to peat that carfector. This oil palm waste is produced in large quantities
retain the viability of bacteria for long periods without loss approximately 4.2 million ton each year [42]. The gradual
of effectiveness [24], [33]. accumulation or improper disposal of this waste will
To be comparable with peat carriers, an excellent bacterialgenerate environmental problems. Therefore, immediate
carrier as a substitute for irradiated peat must have somedction to make the best use of this valuable resource where
essential characteristics such as abundant, locally availableits availability is abundant by converting it into biochar. Due
and cheap. It should also have a good ability to absorb and0 useful advantages and potential chance of the use of
store water and good aeration properties. More importantly,biochar for biological inoculant preparation, the present
the satisfactory substitute enables to support high rates oftudy aimed (i) to determine which the seed coating
bacterial growth and survival (16orming colony units) for ~ formulations best maintains the survival B phaseoli
a long time in storage. Also, it retains the suitable number ofPopulation on the surface of coated bean seed based on CFU
viable microbial cells when applied on seed as seed-coatcount at an interval of 24 hours for a storage period of 48
inoculation or in soils under unfavorable conditions as a soil hours at 48C, and (ii) to evaluate which the seed coating
inoculation [24], [33]. Additionally, the right inoculant formulations best promotes common bean growth and yield.
carrier should be non-poisonous, eco-friendly, and quickly
made, sterilized and managed in the field. At last, it should Il. MATERIALS AND METHODS

promptly release bacteria into the soil, be easily converted to  This study consisted of two series of experiments. They
a powder, mixable, packageable and attach to the seed [32]. were conducted from March to June 2015 at Agronomy
The use of many alternative carrier materials as |aboratory and Plant Protection Laboratory for the first
Rhizobium carriers such as organic polymers [30], [34], experiment and Agriculture Faculty Research Plot Bengkulu
agricultural waste (corn cob and plant compost) and organicuniversity for the second experiment. In brief, a series step
minerals (vermiculite and perlite) [31], [34], [35] had met a in doing these trials included (1) preparation satur&ed
little success. Recently biochar has become of great interesphaseoli liquid culture, (2) preparation and characterization
in regards to its good potentials in several environmentalof biochar-based carriers, (3) inoculant production, (4)

issues [12], [32]-[37]. development of adhesive agents, and (5) seed coating
Although the study on the role of biochar as a potential formulation and inoculation.

inoculant carrier has not been intensive, previous studies on
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A. Preparation of Saturated Bacterial Liquid Culture weight of the sample before and after oven-drying was used

The first and second trialsmployedRhizobium phaseoli to calculate the resulting MC. _
culture collection. The bacteria was proliferated by  The pH of each biochar-based carrier was measured

aseptically maintained in yeast extract-mannitol (YEM) according to [46] with a minor change. Briefly, 10 g of each
medium) in rotary shaker cultures (200 rpm) diC2for four of the carriers and 90 ml water were put together in a 400 ml
days until late log-phase [43]. The content of YEM broth 9lass beaker with continuous mixing with a stirrer glass rod.
used consisted of 1.0% mannitol, 0.1% yeast extract, 0.066%/ he pH of the mixture was checked with a Corning pH
KH,PO,3H,0, 0.02% MgSQ@7H,0, 0.01% NaCl, and 1.5% meter. A$ a control treatment, the pH of PM (100%) was
agar (Difco Lab., Detroit, Mich.). After four days of Standardized at about 6.5-7.0 by adding powdered calcium
incubation, a late log-phase cultureRofohaseoli was plated ~ carbonate (CaC The amount of CaCOrequired to
onto Petri dishes to evaluate the condition and viability of Neutralize 10 g of the carrier was documented. Then, the
the population. &ial dilutions andplate count methods ~corresponding amount of Cag@o make the remaining
were employed to count viable bacteria [44]. With this Carrier neutral was computed. Meanwhile, the resulting pH
method, serial dilutions of duplicate samples of the late log- for the other three inoculant carriers was not adjusted to
phase period were prepared to range frorf &0 10" on neutral. . 3
YMA+Congo Red. The number of viabRhizobia cells was The previous procedure was used to sterilize the
quantified and expressed in colony-forming units (CFU). carrier[45]. Each of the four prepared carriers was oven-
The calculated broth culture cell density was about 4.1x10 dried at 76C until their dry weight was constant, put in
cells (CFU) mt. The culture was employed as an inoculant POlypropylene bags, and sanitized by autoclaving for 20

for inoculating the carrier preparations. minutes at 121°C for three consecutive days.

B. Origin of Carrier Materials, Carrier Preparation and C. Preparation of Inoculated Biochar-Based Carriers
Characterization, and Inoculant Production All inoculants were made by aseptically inoculating each
Throughout this study, biochar (BC) and peat moss (PM) Jdround biochar-based carrier with saturated phaseoli

in four different proportions were used to prepdRe liquid culture and then mixing it thoroughly. The method

phaseoli inoculant carriers. The four combinations were the developed by [45] was adopted with a little modification to
following: BC (100%), PM (100%), BC+PM (50%:50%), inoculate biochar-based carriers wih phaseoli culture.

and BC+PM (25%:75%). The local material used for making Sterilized 250 cﬁ1plast|c. bags were prepared for mixing the
BC was oil palm EFB, a lignocellulosic biomass waste four biochar-based carriers and satura®egbhaseoli liquid
product of the palm oil mills. The EFB was collected from culture. About 30 g of each of cleaned biochar-based carriers
local private palm oil mills in Bengkulu and was converted Was aseptically put into the bags, added with 1.2Rml

. . 7 l .
to biochar via slow pyrolysis at about 4a0for eight hours ~ Phaseoli culture in late log-phase (4.1x10FU ml%), mixed
in a kiln. Meanwhile, peat moss was collected from the With 11.0 ml of sterile water to achieve the desired final

swampy area located in Bengkulu University Campus, Moisture content of each carrier in the range of 40% to 45%,
Bengkulu, and then sun-dried for the next use. sealed the bags in such a way that proper aeration for the
A method was adopted with a litle modification to inoculant was achieved inside the bags by allowing about 70%

prepare inoculant carriers [45]. One hundred grams of eactSPace inside the bags to remain empty. Then, the bags were
carrier materials were taken, reduced their moisture contenftored in a dry place at 28-30°C for one week before use.
by separately oven-drying at 75°C for three days After seven days of |ncubat_|on, the cell density in all
continuously, and milled to a powder. The milled carrier iNoculated biochar-based carriers was separately calculated
with different sizes was separated by a screen of 100 mes®Y adding 10 g of each inoculated biochar-based carrier to
(150 um). The powdered carrier fraction that passed the 90 ml of sterile deionized water and performing a 10-fold
sieve was gathered and put into a collecting pan. Thed!lut!on series. Then, 0.1 ml aliquots of the appropriate
remnant was brought back to the mill, finely powdered, and dilutions were spread on YEM agar plates. The plates were
sieved again. stored at 28-30°C for three days. After storage, the bacterial

The milled BC and PM were then combined in four C€ll density (CFU per milliliter) in each inoculated biochar-
different proportions (BC: 100%; PM: 100%; BC+PM: based carrier was immediately counted. Each inoculated
500%:50%; BC+PM: 25%:75%). PM was used in this study Carrier contained +1.26 x i0iable cells & when used to
as the standard inoculant carrier or as a control. The fourinoculate seed via seed coating.
carriers were called biochar-based carriers for simplicity and
tested as a carrier & phaseoli inoculant.

BC (100%) and PM (100%) were made by weighing 200 Coating adhesives tested in this study consisted of three
g of each carrier material separately. Meanwhile, mixing 100 VelS: 20% Gum Arabic (GA), 2% sodium carboxymethyl

g of BC and 100 g of PM was employed for BC+PM cellulose (CMC), and 10% household sucrose (SC). About

(50%:50%), and 50 g of BC and 150 g of PM for BC+PM ZQ g granglar GA div_ided into smal_l lof8 g.each lot) was

(25%:75%). The four carriers were placed in autoclavable diSS0lved in near-boiling water while continuously mixing

polypropylene bags and sterilized for 60 minutes at 121°C. (he solution with a magnetic stirrer to prepare 20%
Characterization of each biochar-based carrier wasCGA- After being suspended, the second lot of 2 g granular

performed by measuring moisture content (MC) and pH. The A was then added while stirring. This procedure was
MC of each biochar-based carrier was standardized by'¢Peated many times until a total of 20 g granular GA had
mixing 5 ml water for every 10 g carrier. The reduction in been added. The solution pH was maintained at a neutral

D. Preparation of Coating Adhesives
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level by adding 2.5 g of precipitated CafC@® the GA and 60% RH) for 72 hours and then stored before use. The
solution while stirring until CaC® was entirely coated seeds at an appropriate number (100 seeds) were then
dissolved. The GA solution was kept in a refrigerated room packed in a heat-sealed polyethylene bag and used for
before used. laboratory storage study (addressed as laboratory
The solution of 2% CMC was made by adding dry CMC experiment). The others were employed for the field
in small lots (2 g each lot) in 1000 ml of deionized water at experiment.
25°C while continuously blending the solution with a )
magnetic stirrer. After being dissolved, the second lot of 2 g F Laboratory Experiment
CMC was then added while mixing. This procedure was A laboratory experiment was conducted at the Agronomy
repeatedly duplicated until a total of 20 g CMC had been Laboratory and Plant Protection Laboratory, Bengkulu
added while a 10% SC solution was produced by dissolvingUniversity, Bengkulu. The purpose of this trial was to
100 g household sugar in 1000 ml of deionized water while determine which the seed coating formulations best
continuously mixing the solution. maintains the survival oR. phaseoli population on the
surface of coated bean seed based on CFU count at an
_ : interval of 24 hours for a storage period of 48 hours %40
Coating Inoculation The study on the survival d® phaseoli on the surface of
To prepare the 12 seed coating formulations, the coated seeds was conducted with the 12 coating formulations
previously developed biochar-based carriers inoculated withas the first factor and a storage period as the second factor.
saturatedR. phaseoli liquid culture and coating adhesives The storage period was expressed as 0, 24, and 48 hours
were employed. The formulations were made by combining after inoculation (HAI). The experiment applied a Split Plot
the four levels of inoculated carriers and the three levels ofDesign with three replications with the storage period as the
coating adhesives, resulting 12 seed coating formulations.main plot and the coating formulations as a subplot. From
These coating formulations were applied to perform seedthe 12 coating formulations, seed coated with SG&Ss
coating inoculation. The detailed formulations is presented assigned as a control treatment.
in Table I. Soon after seed coating inoculation, each treatment of
inoculated seeds was split into three lots of equal size with
100 coated seeds in each lot with each lot designated as a
repetition. Each seed lot was then placed in a low-density

E. Preparation of Seed Coating Formulations and Seed

TABLE |
COMPOSITIONOF SEEDCOATING FORMULATIONS (SCF)

Coating S B'chzg'BasedB%irgas PrOpoét(':oJrnsM polypropylene bag and stored for 48 hours at 40°C under
Adhesives (100%) | (100%) | (50%:50%) | (25%:75%) room conditions. During the storage _per_|0d, a coated seed
50% GA SCE SCh Sél% SéE, _sample from each treatment and replication was taken at an
506 CMIC SCE | SCR SCF SCh m_terval of 24 hours. Thus, the coated seed samplg was
1% SC SCE | SCRc SCFR;, SCR, withdrawn at 0, 24, and 48 HAI. Then, the number of viable

cells resisting on the surface of the coated seed was

For each seed coating formulation, a ratio of 1:2:20 determined on §ampled seed [45] and expressed as CFU. The
lJ‘ollowmg equation calculated the CFUs.

(adhesive: inoculant: seed weight or volume) was used. Fo
example, 50 ml of each adhesive agent was needed for every

100 g of solid inoculant and 1000g of seed coated. Each Z N
solid inoculated carrier contained +1.26 X ti@ble cells ¢ CFU /ml = P x (1/ A)X (1/ D) 1)
when used to inoculate seed via seed coating.

The method developed was applied with a minor
adjustment to perform seed coating inoculation [45]. WhereN is the number of colonies/plate,is the number of
Common bean seed cv Aurora was obtained from a localdishesA is the amount (in ml) of the aliquot, attD is the
market and subjected to viability test at the Agronomy decimal dilution.
Laboratory, Bengkulu University, to assess its initial seed To count the CFU, a subsample often coated seeds from
quality by the standard germination test. Before coating, each treatment combination, and replicate was withdrawn
bean seeds were surface-sterilized and dried to eliminateand transferred in a 250-ml Erlenmeyer flask containing 10
microorganisms. Surface sterilization was performed in ml of sterile 0.85%(w/v) NaCl + 0.01% (w/v) Tween 80
batches of 10009 of seeds by soaking in 70% alcohol for fivesolution. The bottlewas then agitated in an orbital shaker at
minutes and rinsing with sterile distilled water five times. 150 rpm forl5 minutesThrough severe agitation, bacteria
The seeds were then dried in a laminar hood for two hours. initially attached to the seed cuticle were separated entirely

After sterilization, the seeds were aseptically moistened and gone into the solution. Then, 1.0 ml of the solution was
with distilled water before coating. Seed coating was taken, and ten-fold serial dilution in sterile 0.85%/v)
accomplished with a little change [45]. The surface-sterilized NaClwas prepared. About 100 pl of each dilution fromheac
seeds (in a batch of 1000 g) were pre-coated with eachseries were placed onto Petri dishes supplementing with
corresponding coating adhesive, followed by adding eachCongo-red/YEM agar and 5.0 pg of cycloheximide per ml.
inoculant in a modified pan granulator until each seed wasThe inoculated plates were stored al@8or seven days,
covered with a uniform layer of coated materials. The then the assessment of thézobia colonies was conducted.
proportion of adhesive: solid inoculant carrier: seed (1:2:20 The result was indicated by the number of viable rhizobia
by weight or volume) was employed. The coated seeds wereger seed basis (CFU s&&dThis process was repeated at
then air-dried under controlled laboratory conditions’@5  each interval of 24 hours for a storage period of 48 hours.
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G. Field Experiment of each row. Grain yield was determined by adjusting the

A field study was conducted at the Agriculture Faculty moisture Ie\{el to 13%. After rgcording the grain yield, for
Research Plot Bengkulu University, Bengkulu, in a red- €ach plot, five plants were Wltf(}drawn randomly from the
yellow podzolic soil to evaluate which the seed coating central rows and oven-dried at"@to constant weight to
formulations best promotes common bean growth and yield.calculate above-ground dry matter yield.

The characteristics of the experimental area were presenteq, g.iigical Analysis

in Table Il. The treatments were arranged in a single factor ) )
of Completely Randomized Design (CRD) with three For the laboratory study, a two-way analysis of variance

replications. The treatments consisted of the 12 seed coatinéANOVA) was employed to test the impacts of seed coating
formulations plus non-inoculated seed coating ($GB a ormulations, storage periods, and their interactions on the

control treatment. Inoculated seed coating used in this studycFUS: The differences between storage period treatments at
was the same as those used in the first experiment. each level of seed coating formulation were compared using
LSD test (R0.05), while Duncan's comparison of multiple

TABLE Il variables was performed for the different seed coating

THE CHARACTERISTICSOFEXPERIMENTAL AREA ; : ;
formulation treatments at various levels of storage period

Soil Properties Replications (P< 0.05). For the field experiment, one-way ANOVA was
1 2 used to test which the seed coating formulations best
pH 4.90 5.00 promotes plant dry weight, number of nodules, and grain
PoOs (ppm) 12.46 11.83 yield. The differences between seed coating formulation
CEC (me 100 ) 14.77 12.20 treatments were compared using Duncan's comparison

Soil Texture Sandy Loam (P<0.05).

Before inoculated seeds were planted, the land was
prepared by conventional practice to make the field suitable IIl. RESULTS ANDDISCUSSION
for planting. The area was leveled and divided into blocks Analysis of the data of viable cells based on CFU count
and individual plots. Each plot was made with a size of 1.35from the laboratory study demonstrated that significant
m x 2.55 m. The plots were kept 0.50 m apart, with 1.0 m differences (R0.05) were observed for seed coating
spacing between blocks. formulations, storage period, and their interactions. At 0
All seeds were sown in the individual plot after ploughing, HAI, the number of viable cells (CFU) sékdhowed no
harrowing. Lime (2 ton of lime H3 was applied at two  significant differences irrespective of seed coating
weeks before sowing. A basal fertilizer was applied to all the formulations. The CFUs remained nearly constant or
plots at 60 kg §Os ha' as triple superphosphate, 129K reduced only slightly (> TOviable cells seel). This result
ha' as KCI, and 10 ton Hagoat manure. The nutrient indicated that a viable number Bf phaseoli cells has not
content of goat manure was showed in Table IIl. Nitrogen much deteriorated due to high temperatures during storage.
fertilization (40 kg hd) after sowing was added to plots as Also, sufficient inoculant was firmly attached to the surface
ammonium nitrate (33%) of seeds irrespective of seed coating formulations (Table 1V).
Two coated bean seeds were planted at a spacing of 50 crAt this period of storage, the bacterial cells were
between plants and 100 cm between rows. Uninoculatedexperiencing an adaptive period to the new environment
seeds were planted first in control plots. After sowing, since the biochar-based solid carriers provided different
coated seeds were protected from exposing the sun’scharacteristics from those found in the liquid culture where
radiation by covering them with soil to avoid the death of bacterial cells were initially generated.
bacterial cells. Two weeks after seed germinated, plants As the storage period was prolonged to 24 HAI, the CFUs

were thinned, and only one plant was left. dropped regardless of seed coating formulations. At this
. storage period, the population Rf phaseoli reduced one to
THE CHARACTERISTICS OFGOAT MANURE two orders of magnitude (1 to 2 logs) concerning the initial
: _ i bacteria, depending on the seed coating formulations (Table
Chemical characteristics Nutrient content IV). The remaining viable-cell counts for each seed coating
;Oéal'(’)\/‘(@ 8'22 formulation differed, depending on adhesive agents used.
205 (%) ' For instance, the seed coating formulation containing GA as
K50 (%) 0.20 . -
an adhesive such as SCind SCEk, or CMC as an adhesive
Ca (%) 0.30 . )
Mg (%) 0.15 such as SGfand SCk at this period of storage preserved

high viable cells enough to guarantee a high number of
At mid-flowering (50% flowering), five plants were nodule formation (10to 10 bacteria se€f while the
withdrawn randomly from the second border of each plot asviability of bacterial population for SGFSCH, containing
sample plants. The whole plant was excavated carefully tosucrose as an adhesive dropped to below standard.
get complete roots and nodules for nodulation evaluation and When the storage period was extended to 48 HAI, the
dry weight of plants. The lump of the soil was removed from decrease in the number of viable cells on inoculated seeds
plant roots by rinsing in running water. Root nodules were continued to occur except for SCISCR, SCk, and SCk
removed carefully. The five plants from each plot were (Table 1V). The decline in the bacterial population in the
utilized to record the number of nodules per plant. surface of coated seeds at 48 HAl was more evident than
Bean plants were harvested from each plot at the maturitythat at 24 HAI. These results confirmed that stressful
stage, leaving the border rows and 0.5 m length on every engnvironments such as exposure to high storage temperature
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even in a short time, which simulated high soil temperature These results suggest that BC (100%) or BC+PM (50%:50%)
in the much tropical soil, could be a limiting factor for the was not classified as a suitable carrier because the pH values
survival of the applied bacterial population. A similar reason were 8.25 for BC (100%) and 7.40 for BC+PM (50%:50%),
was also described by a previous study [28]. respectively. Therefore, these pH values were not optimal
for bacterial cell growth [24]. Although peat stays the best of

TABLE IV : 4 } i
SUMMARY OF SIGNIFICANCES OF THE SOURCES OF VARIaTIoN  all inoculant carriers, BC+PM (25%:75%) mixture can be
IN THE ANALYSIS OF VARIANCE ON THE SURVIVAL OF BEAN used as an alternative carrier to peat. With this mixture as an
RHIZOBIA ON INOCULATED SEEDS STORED AT 4¢ inoculant carrier, the high survival @&. phaseoli on the
Seed Survival [log;g] CFU seed™ after hours: surface of coated seeds was successfully conserved.
Coating o® 24 48 Proper maintenance of living and active bacterial cells on
Formula the surface of coated seed not only depends on pH carrier
SCh 7.29 aA 6.24 aB 5.71aB but also adhesive agents used [21]. Previous studies reported
SCh 7.24 aA 5.18 bB 3.30 bC that good adhesives not just stick the inoculant to the seed
SCh 7.07 aA 5.13 bB 3.48 bC firmly but also maintained a high number of bacterial
SChH 7.03 aA 6.1 aB 2.67 aB viability on the surface of coated seeds [24],[28],[38].
ggE ;'8(15 i g'gé Eg g'i’g SE Results from this laboratory study showed that when
R . : : combined with PM (100%) or BC+PM (25%:75%), GA and
SCFK, 7.11 aA 5.25 bB 3.66 bC . . .
CMC ensured much better bacterial cell survival than did SC
SCRK 7.00 aA 6.00 aB 5.57 aB .
SCR 716 aA 2.49 cB 3.34bC (Table 1V). Thus, GA and CMC were categorized as better
SCR, 711 aA 201 B 330 bC coating adhesives than SC. Excellent adhesive properties
SCh; 7.03 aA 4.03 cB 357 bC include a proper attachment of inoculant to seed, excellent
SCh, 7.05 aA 4.41 cB 3.43 bC protection for bacterial cells against stressful conditions, and
(1) Means followed by equal letters, lower case in columns upper & source of energy for bacterial food [24], [38]. In this study,
case in rows, did not differ by the LSD and DMRT at .05, GA and CMC indeed met all these three functions, as
respectively. indicated by maintaining high numbers of bacterial cell

survival (>10). Whereas SC was classified as a weak
adhesive agent due to its failure to preserve bacterial cell
survival as demonstrated by lower viable bacterial cell per
seed (<10) regardless of carrier compositions used.

The final test to verify the field performance of seed
coating formulations is the evaluation of plant growth and
yield. The results showed that seed coating formulations had
significant effects on nodule number, plant dry weight, and
grain yield (Table V). Seed coating formulations $C3CH,
SCR;, and SCE resulted in the highest number of nodules
plant', over 16 noduleglant’, plant dry weight, and grain
yield, in agreement with their ability to maintain the survival
of bacterial cells on the surface of the coated seed. Previous

Nstudies also reported that seed inoculation with beneficial
microbes via seed coating enhanced the growth and yield of
bacterial cell population of coated seed was not surprised - [2-4]’ soybean [38], alfalia [2-8]’ .and wheat [25]. In
b th 'p't'pl H of PM in both tina forniol P promoting the three plant growth indicators, $CSECF;,
ecause the Initial pH or PV in both coaling forniwias and SCEk were as effective as SC&s a reference treatment.
was adjusted to neutral with the addition of CaCWith Therefore, the use of BC+PM (25%:75%) as a carrier for the

this _p:—lf mod|f|<r:]at|on, It |Indt|)cated. tlhat ET IS _known as a application ofR. phaseoli via seed coating with GA or CMC
crucial factor that controls bacterial viability, in agreement _ " " ihesive could be a substitute for PM, which

with the finding by [38]. The treatment of Sgand SCE c?xperiences diminishing reserves.
also supported the bacterial survival on the surface of coate The highest biomass production and also grain yield

see_d because th? pl-! of BC+PM (25%:.75%) was 6.38, A ttained by SCE SCR, SCF, and SCEgwas related to their
op_t|mal p_H for rhlzok_n_a growth. The |n|F|aI pH of PM for modulation characteristic. More significant nodule number
th_|s carrier composition was not callbrate_d o neutral. was accountable for a substantial increase in biomass
Biochar pH m|g_ht be considered to have a significant effectproduction and grain yield. Similar results were also
on total microbial abundance [24], [38]. A neutral pH of demonstrated by Glodowsket al. [38] in soybean. The

5'55. 7.0 ?ad b;e%n requrtleg t(i b.e %ngm_?lh forfthe %ro‘Mhother coating formulations which could not stimulate the
medium of most beneficial bacteria [38]. Therefore, it was three plant growth indicators might be due to their failure to

expected that carriers close to this pH (especially ;SCF B :

. promote Rhizobia survival on the surface of coated seeds.
S.CF‘.". SCk, and SCE.) wou!d sustain the number and They were formulated by including SC irrespective of
V|ab.|I|ty of R phasgoll at_ higher levels than Fh.e other biochar-based carriers used. For examples, ¢SCH,,
carriers when combined with GA or CMC. Surprisingly, the which contain SC as an adhesive, resulted in the lowest

coating formulations made up of BC (100%) or BC+PM oo
(50%:50%) as a carrier irrespective of adhesive agents use&]umber of the three plant growth indicators (Table V).

did not support high numbers of the bacterial cell population.

The four seed coating formulations (SCSCF, SCF,
and SCEk) were consistently able to maintain a high number
of viable cells at both 24 and 48 HAI. They provided about
4.70x10 rhizobia seed. These numbers exceeded with a
minimum standard of 7.00 x 40Orhizobia seed at
inoculation [47]. Interestingly, based on carriers composition
used, PM (100%) was employed for SGihd SCE, and
BC+PM (25%:75%) for SCk respectively. Meanwhile,
based on adhesive agents used ;S SCE contained GA,
while SCk and SCFEinvolved CMC. These results suggest
that BC+PM (25%:75%) mixture was as effective as PM
(100%) in promoting rhizobia survival on the surface of
coated seeds when GA and CMC were applied as a
adhesive.

The good promoting effect of Sgrand SCE on the
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TABLE V [4]
SUMMARY OF SIGNIFICANCES OF THESOURCES OFVARIATION IN THE
ANALYSIS OF VARIANCE ON THE SURVIVAL OF BEAN RHIZOBIA ON
INOCULATED SEEDSSTORED AT40°C

(5]

Coating @ Number of | @ Plant Dry (1)_Grain
Formulations NOdu_lS We|ght_ Y'd(_j

Plant™ (g plant™) (gm? (6]
SCh 9.10d 12.13d 67.9d
SCRH 16.45 a 21.24 a 107.6 a
SCkK, 11.70 c 16.24 b 90.6 b [7]
SCh 13.70 b 16.69 b 90.6 b
SCK, 16.40 a 21.78 a 106.2 a (8]
SCHK 16.15a 21.30 a 104.6 a
SCKy 11.00 c 16.35b 88.4b
SCF, 13.20 b 17.15b 86.4 b
SCk 16.00 a 21.39 a 1116 a [l
SCh 9.40d 14.60 c 75.2 c [10]
SCh¢ 9.25d 14.53 ¢ 772 ¢
SChR; 9.20d 14.24 ¢ 75.4 c
SCh; 9.20d 14.30 ¢ 76.8

(1) Means followed by equal letters, lower case in columns did not [11]
differ by the DMRT at X 0.05.

Sucrose (SC) was classified as a weak adhesive and maE/
contribute to the lowest values of the three plant growth 12]
measurements. These coating formulations were as bad as
SCR (non-inoculated and non-coated seed). The other factor
triggering the failure to maintain the bacterial population on [13]
the surface of coated seed was related to carrier pH. Data
presented in Table V demonstrated that Rhézobia seed-
coating formulations (SGFSCR, SCFk, SCF, SCh,, and
SCRj3), which contain BC (100%) or BC+PM (50%:50%)
irrespective adhesive agents used failed to improve nodule
number, plant dry weight, and grain yield. The two carriers |15
had a pH value of 8.25 for BC (100%) and 7.40 for BC+PM
(50%:50%), respectively.

[14]

(16]
IV. CONCLUSIONS

Four SCFs were the best fehizobia survival throughout
the storage period. The four SCFs contained a combinatiory;7
of GA and PM (100%), GA and PM+BC (25%:75%), CMC
and PM (100%), and CMC and PM+BC (25%:75%),
respectively. In parallel with their best capacity Riizobia
viability, these fourRhizobia seed-coating formulations also
best-promoted plant growth and vyield based on nodule
number, plant dry weight, and grain yield indicators. Seed [19]
coating formulations with SC as an adhesive regardless of
the biochar-based carrier used or BC (100%) or BC+PM
(50%:50%) as a carrier irrespective of adhesive agents use(b0]
were not recommended.

(18]
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