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ABSTRACT

Responses to inoculation have shown that inoculagqustified in soil where has never been growybgan, such
is the case of El Rincén de Monagas (94° 41' 35634,04' 38" W and 39 m.a.s), Monagas State, Vet@zun this
context, two inoculants types of Bradyrhizobiumojspum (RIZO-LIQ, water-based product and RIZOPLUS
SUPER, peat-based product, both from RIZOBACTERethga, S.A.) were tested in soybean variety Teacaj
(EMBRAPA, Brazil) throughout growth (shoot heightlary weight, root length and dry weight, and lae¢a) and
nodulation (red nodule number and dry weight) pagtens measurements. Chemical fertilizer as NPK1(Q-0)
was added at planting which supplied 20kg nitropards starter dose. Also was applied Legumol (8y0860,7%
Co, 5,0% Zn, 0,5% B, 0,5% Cu and 0,1% Mn), at & i@t 200g/g seed as source of micronutrients. alatre
subjected to variance analysis, using the staisfpackage Statistix and to the least significaiftedence (LSD)
test at 5% probability level to compare treatmermams. The inoculants combination (RIZOPLUS + RLIAQ)
treatment resulted more favorable to shoot heighd dry weight and leaf area; similarly behaved neadule
number and dry weight. The inoculants combinaf(RIZO-LIQ + RIZOPLUS) was more favorable for grovettd
nodulation of soybean variety Tracaja. In relatitmthe results, the factors bacterial number andchpetitiveness
are discussed.
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INTRODUCTION

It is generally accepted that soybe&ycine maxL.) Merr.) originated in China. It has been intaedd into other
countries, the United States, Brazil, Argentina dagan, which together with China constitute thgomaroducers
[15, 30].

The protein content in soybean seed is approxima@? and the oil content is 20%. This crop hastighest
protein content and the highest gross output oktadge oil among the cultivated crops in the wdfl@]. Also,
soybean cultivation improves soil health becausaliility to fix nitrogen fixation and its deep tda9].

Nitrogen fixation in soybean has been widely stddiesing different methodologies which reveal thaytean
shows a strong demand for nitrogen (N) for optidetelopment and grain productivity [9, 11, 21].
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Inoculation of soybean with the appropriate rhiadacteria provides high numbers of viable effextihizobia to

the rhizosphere to allow rapid colonization and ulatdon [23, 24]. Responses to inoculation in redea
experiments have shown clearly that inoculatiojussified, at least in soil that has never growis tegume before
or has not grown this for many years [28].

Soybean is mainly nodulated Bradyrhizobium japonicunand B. elkanii[11]. Soils usually lack the species
strains unless soybean is grown on them for at ldgs or more years. Hiltbold [2] reported thatmbers ofB.
japonicumin 52 lowa fields were correlated with whether segfis had been grown at the site within the previous
13 years. It is therefore important to inoculatedsewith relevant strains of bacteria before sowaspecially if the
crop is to be grown for the first time on the lamdoculation responses are associated primarily whe first
planting of a legume in soil having no prior histaf the crop [5, 14]. In any case, to get the nmmaxn benefit out

of inoculation there is a need to follow correctlarareful inoculation procedures, and the inocutdnttuld carry
live and effective bacterial cells [27].

Bradyrhizobium japonicuratrains are included on two types of carrierst p@a water. Peat (or humus) is used as
a carrier in either a granular form, which is aeglin-furrow, or in a powder form, which is appligxthe seed at
planting. Water-based products include liquid idants (seed applied or in-furrow) and frozen comicges. New
inoculants, introduced within the last 10 yearsyehincreased potency due to sterile carriers and peckaging
techniques [18] Besides, there were varying reports on the intena between variety and strain in soybean.
Solomonet al [27] and Thao [28] found a significant interactibetween variety and strain on different paranseter
whereas Munyindat al. [17] reported a no significant interaction.

In Venezuela, soybeans demand is around 1 mill@thtBousand MT per year. National production sugsptinly a
fraction (27.71%) of that national demand, havingigh dependence of imported soybeans; so to erfeoe
sovereignty, it is necessary to make great effartsicrease domestic production. Through the agestinetween
Empresa Brasileira de Pesquisa Agropecuaria (EMBRA#d the Instituto Nacional de Investigacionesigglas
de Venezuela (INIA) [10], it can be exchanged tkpegiences of Brazil in the cultivation of soybeamgropical
conditions and it will also gain access to genetaterials developed by Brazil which can be useWénezuelan
similar conditions [4, 13].

In Venezuela, studies on soybean inoculation aaececbut necessary to evaluate different inoculgtss in the
varieties recommended and various soil conditio@® this basis, the specific objectives of thiseegsh include
studying the main effects of inoculants types oybsan growth parameters and nodulation.

MATERIALS AND METHODS

In this study, it was established a randomized detaplesign with four replications of two commetdreculants
of Bradyrhizobium japonicuniRIZO-LIQ, water-based product and RIZOPLUS SUPR&at-based product, both
from RIZOBACTER Argentina, S.A.) along with one notulated treatment and the variety of soybeancdjaa
originating from EMBRAPA, Brazil.

The experiment was carried out on a sandy soilowithistory of soybean cultivation from the rurahemunity of
El Rincon de Monagas: 94° 41' 35" N, 63° 04' 38aWd 39 m.a.s (Monagas state, Venezuela), in thengoaise of
Postgraduate Center at Universidad de Oriente, fifetifenezuela, using the soybean cultivars spmtifibove.
Soil analysis showed that the soil was moderatelji@in reaction (pH = 5.6) and sandy in texturiéhiow cation
exchange capacity (2.3), organic matter (0.70%)@masphorus content (2.5 ppm).

Each experimental unit (plastic bag) consisted dfgdof soil and 5 soybean seeds, which were suyeaifi

sterilized with commercial bleach (containing 5%soidium hypochlorite) for 20 min and then rinsegkeftimes
with sterile water. Chemical fertilizer as NPK {10-10) was added at planting which supplied 20kgpgen/ha as
starter dose. Also was applied Legumol (8,0% de 8J6% de Co, 5,0% de Zn, 0,5% de B, 0,5% de CuOatfb

de Mn), at a rate of 200g/g seed as source ofomitrients.

For symbiotic inoculation, two procedures were uselijuid formulation inoculant (RIZO-LIQ, 5 x i@ells/ml) at
a rate of 300 ml/50 kg seed plus sugar (15%) tarenthat all the seeds receive a thin coating®inbculant; and a
peat formulation inoculant (RIZOPLUS SUPER, 1.5 ¢6lls/ml) at a rate of 150 g/50 kg seed; using mvethod,
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that is, with seeds previously wetted with stewiater (250ml water/50kg seed). All inoculationsrevenade just
before planting under shade to maintain the vigbtif bacterial cells. Seeds were allowed to ayr fibr a few
minutes and then sown. The plants were thinnedid¢biag after 10 days of growth.

At 80 days after sowing, all plants were harvest&dant parts were separated into leaves plus steyots, and
nodules. There were dated: plant height (distamteden cotyledonal nude and the base of the yotiegpanded
leave), root length (distance between cotyledonmlenand the tip of the more distal root) and le&a(disk
method) [20]. Nodulation was evaluated by redutb@adounting and dry weight. All plant parts wesen dried at
72 °C for up to 72 h, and then weighed. Collected aeae subjected to variance analysis, using thisstal

package Statistix and to the least significanted&@hce (LSD) test at 5% probability level, perfodnie compare
treatment means.

RESULTS AND DISCUSSION

Measuring the benefits of rhizobial inoculation ghibinclude several traits of legume performanceteains may
vary in their symbiotic effectiveness [3]. Accangly, it is used a selection of variables to effesdy discriminate
the differentBradyrhizobium japonicurimoculants tested.

At 80 days after sowing, variance analysis for saybshoots height showed statically significantedénces (F=
3.38) between treatments (Figure 1). Thus, theulemts combination (RIZOPLUS + RIZO-LIQ) treatment
resulted more favorable to shoot height (53 cmtflamwhile the least beneficial treatment was RIZOBL(25 cm
plant?), being this value 50% lower than the value foahthe combined treatment.
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Figure 1. Shoot height variation in relation to hoculant treatments
R1: RIZO-LIQ,R2: RIZOPLUS,R1 + R2: RIZOPLUS + RIZO-LIQ): Uninoculated.

Variance analysis of shoot dry weight showed sigaift differences between treatments (F= 7.08, 0. The
highest value corresponded to the inoculants coatioim treatment (15.1 g plaht which was statistically different
to the others treatments applied. Shoot dry weightplants inoculated with RIZOPLUS or RIZO-LIQ or
uninoculated were similar, it varied between 7.6 &r® g planit (Figure 2).
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Figure 2. Shoot dry weight of soybean plants undatifferent inoculant treatments
R1: RIZO-LIQ,R2: RIZOPLUSR1 + R2: RIZOPLUS + RIZO-LIQQ: Uninoculated.

Similar to shoot dry weight, the analysis of vadarof leaf area showed significant differences betwtreatments
(F=4.61, P<0.05). Mean comparisons revealedrbeulants combination treatment as the more faverahese
plants showed the highest value (57.5)cwhich was statistically different to the othérsatments applied. Leaf
area of plants inoculated with RIZOPLUS or RIZO-LIQ uninoculated were similar, these values rarfgech
28.8 to 37.6 ch(Figure 3).
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Figure 3. Influence ofR. japonicum inoculants on leaf area of soybean plants.
R1: RIZO-LIQ, R2: RIZOPLUS, R1 + R2: RIZOPLUS + &{ZIQ, 0: Uninoculated.

Accordingly with the resulting data of shoot heigitd dry weight, and leaf area, the combined treatm
(RIZOPLUS + RIZO-LIQ) was the more favorable treatrhto shoot growth.

Variance analysis of root dry weight showed no idiggmt differences between treatments (F= 2.210.85), thus,
they were similar in dry weight; the average wa331g plant. Similarly, it occurred with root length, the uak
were similar between treatments (F= 2.34, P>0108)average was 1.02 cm pla(table 1).
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As it is evident from the data presented in Figiréhe nodule number was affected significantlythey main effect
of inoculants (F= 10.7, P<0.05). The combinedttneat (RIZO-LIQ + RIZOPLUS) produced significantijgher
number of nodules (17.5) than RIZO-LIQ (7.0) or RZLUS (9.5 nodules plaftindependently. The uninoculated
control did not produce any nodule at all, thisais indication that native strains Bfadyrhizobium japonicum
bacteria that could form symbiotic relation withybean are absent in the soils of El Rincén de Masagnd that a
cross-contamination did not occur. Moreover erspg®athat when growing a new legume species oril aitsis
necessary that the appropriate rhizobial cultureapplied. The favorable effect of inoculation ooylsean
nodulation and consequently on growth has been showany studies [3, 27, 29].

Table 1. Variations in root dry weight and length 6 soybean plants treated with two inoculant types

. . . Root dry weight Root length
B. japonnicum inoculants 1
(g plant™) (cm)
RIZO-LIQ 1.21 A 11.8 A
Uninoculated 1.18 Al 11.9 A
RIZO-LIQ+ RIZOPLUS 0.93 A 115 A
RIZOPLUS 0.81 A 11.6 Al

Also, nodule dry weight follows the similar trenkdat nodule number, thus the nodule dry weight wéescied
significantly by the type of inoculant used (F=94P<0.05). The combined treatment (RIZO-LIQ Z@PLUS)
produced significantly higher nodule dry weightiiiRlZO-LIQ or RIZOPLUS independently (Figure 5).
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Figure 4. Main effects ofB. japonicum inoculants on nodule number of soybean plants
R1: RIZO-LIQ, R2: RIZOPLUSR1 + R2: RIZOPLUS + RIZO-LIQ): Uninoculated.

It is clear from the data that inoculants combimatfRIZO-LIQ + RIZOPLUS) was more favorable for gith and
nodulation of soybean variety Tracaja. Some apyrescan be considered, bacterial number and ciivgpetss.

Although RIZO-LIQ and RIZOPLUS are high quality comarcial inoculants, well recommended for soybeams;
this study, their efficiency have been low to ga@pdwth and nodulation in soybean Tracaja when Hreyuse as
single inoculant, This situation can be relatedhwat low number ofBradyrhizobiumin them due to storage
conditions, transport, or other factor. In thispect, various researchers have demonstrated fbet delations
betweenBradyrhizobiumpopulation in the inoculant or soil and nodulatidrhus, Singleton and Tavares [22]
observed that low populations of rhizobia in salid not sufficiently promote legume nodulation a@ndrease
symbiotic N fixation; Hume and Blair [6] found that nodule niben and mass, as well as seed yield, increased
curvilinearly upward with increasing lggmost probable numbers (MPNs)Bfjaponicum Papakoska [7] showed
linear relationship between the rate of appliedahia and the number of the nodules per plantedtly weight per
nodule; Mauriceet al [25] with commercial liquid inoculants, demonsg@ thatB. japonicumcells from old
inoculants needed more time to divide and produsile colonies, indicating that they would prolyabe unable
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to grow in soil; more recently, Larsan al. [16] indicated that the companies recommend fatemoculants which

often have proven adequate but this is not alwaysistent, and several cases of inadequate naslulative been
reported in recent years; also, point out thatroi€X rate or combination of different inoculanbgucts is used as
added insurance for achieving a good bacterial jadipn near the seedling roots for root colonizatio
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Figure 5. Major effects ofB. japonicum inoculants on nodule dry weight of soybean plants
R1: RIZO-LIQ, R2: RIZOPLUSR1 + R2: RIZOPLUS + RIZO-LIQQ: Uninoculated.

Also, strain competiveness might be considered. g&tithon between the rhizobia in the inoculant &r& microbes
already in the soil, the native microflora, affetite success of many inoculants; smhtains billions of different
bacteria and other microorganisms, and the proskssed inoculation adds billions more; this causasediate
competition between the microbes, as they aragitihg for the same resources, if the rhizobighminoculant can
out compete the native population, inoculation Wil successful, nodules will form, and they wilgisenitrogen
fixation [26]. One factor in competitiveness i thacterial numerical superiority, condition whizdn account in
RIZO-LIQ + RIZOPLUS combination that contrast withe probably lower bacterial number in the inoctdan
(RIZO-LIQ and RIZOPLUS) when each one is used amgle inoculant. In this context, Hartmagtnal [1] and
Bromfield et al [8] found that poorly competitive strains may ntade even if another highly competitive strain is
present but in lesser numbers. It is estimatetttiefield response to rhizobial inoculants dirsirés when the
number of competing rhizobia in the soil exceedvabal0 cells g [12].
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