532

RESEARCH NOTE

Performance of rice seeds treated with zinc, boron, and molybdenum'
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ABSTRACT - The objective of this study was to assess physiological quality of seeds and the initial growth of lowland rice
seedlings, cv. PUITA INTA-CL, treated with a product based on Zinc, Boron and Molybdenum. The following dosages of
product were used: 0 (control), 50, 100, 150 and 200 mL.100 kg seed. A completely randomized experimental design was
used, with 10 treatments and four replications. Physiological quality of seeds was assessed by following tests: germination; first
count of germination; and length and dry phytomass of seedlings. The initial growth was assessed at 7, 14, 21, 35, and 42 days
after emergence (DAE) through plant height, leaf area and dry phytomass of aerial parts and roots. It was concluded that the
treatment of rice seeds with the product containing Zinc, Boron and Molybdenum up to the dosage tested of 200 mL.100 kg™
seed does not influence germination, first count of germination, and the dry phytomass of aerial parts and roots; however,
negatively influences seedling length. In addition, it also promotes greater plant height, higher leaf area, higher production of
dry phytomass of seedlings, and increase on the growth rate, until 42 DAE.

Index terms: Oryza sativa, initial growth, physiological quality, growth rate.

Desempenho de sementes de arroz tratadas com zinco, boro € molibdénio

RESUMO - O objetivo deste estudo foi avaliar a qualidade fisiologica das sementes ¢ o crescimento inicial das plantulas
de arroz irrigado, cultivar PUITA-INTA CL, tratadas com um produto a base de zinco, boro e molibdénio. Foram testadas
as seguintes doses do produto: 0 (testemunha), 50, 100, 150 ¢ 200 mL.100 kg™ de sementes. Foi utilizado o delineamento
experimental inteiramente casualizado, com 10 tratamentos e quatro repetigdes. A qualidade fisiologica das sementes foi
avaliada pelos seguintes testes: germinagdo; primeira contagem de germinago; e comprimento e fitomassa seca de plantulas.
O crescimento inicial foi avaliado aos 7, 14, 21, 28, 35 e 42 dias apos a emergéncia (DAE) pela altura de planta, area foliar
e fitomassa seca de parte aérea e raiz. Concluiu-se que o tratamento de sementes de arroz irrigado com o composto contendo
zinco, boro e molibdénio, até a dose estudada de 200 mL.100 kg! de semente, ndo influencia germinagao, primeira contagem
da germinagdo, fitomassa seca de parte aérea e raiz; entretanto influencia negativamente o comprimento das plantulas. Além
disso, também promove maior altura de planta, maior area foliar, maior produgao de fitomassa seca de planta ¢ aumento da
taxa de crescimento, até os 42 DAE.

Termos para indexagdo: Oryza sativa, crescimento inicial, qualidade fisioldgica, taxa de crescimento.

Introduction has produced 8.2 million metric tons; what is equivalent to 65%

of the nationwide production and characterizes the state as the

During the summer harvest of 2010/2011, the rice  largestrice producer in the country (CONAB, 2011). In the last
production in Brazil has been 12.6 million metric tons, and the ~ decades, studies concerning soil correction and lowland rice
State of Rio Grande do Sul, the southernmost Brazilian state,  fertilization in the South Region of Brazil were intensified
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aiming at searching for more consistent information on response
of lowland rice to sources, dosages, and application timing of
Nitrogen, Phosphorus, Potassium, and some micronutrients. Up
to moment, studies performed in the State of Rio Grande do Sul
indicate that the soils adapted for lowland rice cultivation are
generally well provided of micronutrients due to good responses
observed in experiments (Scivittaro and Gomes, 2007).

Among the essential micronutrients to development
of plants, the Boron (B) plays an important role on pollen
germination and on pollen tube growth; events particularly
important for production of crops. For that occur growth of
the pollen tube, high concentrations of B on stigma and on
style are needed for physiological inactivation of calluses, by
means of borate-callose complexes formation on the interface
of pollen tube/style (Lewis, 1980).

Zinc (Zn) is the micronutrient that most frequently is
deficient in Brazilian soils. Within the cropping areas ofrice in
Rio Grande do Sul, where rice monoculture generally occurs
for several years, and in consequence of: systematizations
and flooding; successive cultivation of the areas and of
other factors, such as cultivars nutritionally demanding, use
of fertilizers formulations with high concentrations; and
lack of soil acidity correction, makes that occur deficiency
of micronutrients, among which the most affected is Zn
(Marchesan et al., 2001; Silva et al., 2003).

The interest by study of using Molybdenum (Mo) on rice is
recent and the available literature has been showing important
and promising results with the application of this micronutrient;
chiefly in the last 10 years (Sundim et al., 2002). There are
studies reporting reduction on rice sterility percentage
(Ambak and Tadano, 1991), increment on production of
grains (Muralidharan and Jos¢, 1994); and results confirming
the benefits of Mo application associated to increases on
production of grains, when the element is used in association
with Zn and Copper (Cu) (Rafey et al., 1992).

There are different forms of assessing effect of nutrients
on vegetal growth. One of them is the growth analysis;
what according to Campos et al. (2008), is an important
manner for explaining plant growth, once circa 90% of dry
mass accumulated within them, along their development
are resulting from photosynthetic activity, thus allowing
for an assessment of final growth as a whole, as well as
the contribution of each of the different organs on the total
development of the plants.

The nutritional demand for micronutrients by plants is
low. Therefore, the seed treatment with Zn, B, and Mo rises
as an excellent alternative to supply the nutritional needs
of plants at initial developmental stages. The application of
micronutrients via seeds may exempt other application forms;

thus reducing production costs. It should be emphasized,
however, that the studies already performed are still scarce
and somehow insufficient. Thus, further studies are needed to
confirm these preliminary assessments.

Therefore, the objective of this study was to assess
physiological quality of seeds and initial growth of seedlings
of lowland rice treated with Zn, B, and Mo.

Material and Methods

The study has been developed during the 2009/2010
agricultural harvest, in the Didactic Laboratory of Seed
Analysis and under greenhouse conditions, at the Eliseu
Maciel Agronomy College of the Federal University of
Pelotas, municipality of Capdo do Ledo, State of Rio Grande
do Sul, Southern Brazil. For the experiments, the lowland rice
cultivar PUITA INTA-CL was used.

The seeds were treated with the commercial product
Binova GRA®, formulated with Zn, B, and Mo in the
following concentrations 1.23, 41.82, and 43.05 g.L!' of each
element, respectively. The treatments have consisted in the
following dosages of the commercial product: 0 (control), 50,
100, 150, and 200 mL.kg"! seed. The treatment of the seeds
was performed according to methodology recommended
by Nunes (2005), in which the micronutrients were placed
directly at bottom of a transparent plastic bag until a height of
approximately 15 cm. Soon after, 200 g of lowland rice seeds
were added to the plastic bag, which was then shaken during
three minutes. In sequence, the seeds were dried under room
temperature, during 24 hours.

Aiming at assessing possible positive effects of the
product on the physiological quality of seeds, the following
characteristics were evaluated:

Germination (G): this test was performed using four
replications of 50 seeds each, for each replication of the different
treatments. For that, the seeds were evenly distributed on top of
two sheets of Germitest® paper, covered with another sheet of
the same paper, with all paper sheets previously moistened with
distilled water in a volume equivalent to 2.5 times the mass of
the dry substrate. The set (paper + seeds) was then transformed
into a roll. Immediately after, the rolls containing seeds were
placed into a seed germinator, at 25 + 2 °C; and assessments
were performed 14 days after sowing (DAS) (Brasil, 2009).

First count of germination (FCG): in this test was determined
de percentage of normal seedlings and was carried out at seven
DAS by using the germination test already described.

Total length of seedlings and lengths of aerial parts and
roots (TLS, LAP, and LR): this assessment was performed
by determining total length and length of aerial parts on 10
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normal seedlings at the seventh DAS, with the aid of a ruler
graduated in millimeters. The length of root was determined
by subtracting the length of aerial part from the total length of
each seedling assessed with results expressed in cm.seedling™.

Total dry phytomass of seedlings and dry phytomass
of aerial parts and roots (TDP, DPAP, and DPR: such
assessment was performed jointly with test where length
of seedlings was determined. Aerial parts and roots were
cut with the aid of a scalpel, placed into Kraft paper bags,
and taken to dry in a forced air circulation drying oven, at
60 £ 2 °C, during 48 hours. After that period, the samples
were placed to cool into desiccators, and were then weighed
in a centesimal precision analytical balance. Results were
expressed in mg.seedling! (Nakagawa, 1999).

In addition to physiological quality assessment of seeds
immediately after treatment, the sowing has been performed
and the experiment was conducted until 42 DAS. For that,
treated seeds were sown on seedling-beds (1.0 m x 6.0 m)
filled with soil collected in Al horizon of a “Planossolo
Haplico eutrofico solodico” (according to the Brazilian soil
classification) (Streck et al., 2008), belonging to the soil
mapping unit of Pelotas. The fertilization was performed
according to Commission of Soil Fertility and Soil Chemistry
for the states of Rio Grande do Sul and Santa Catarina (CFQS
- Comissdo de Fertilidade e Quimica do Solo — RS/SC, 2004),
incorporating the nutrients to soil at sowing moment.

The samplings for assessing rice seedlings growth were
performed, and afterwards the following determinations were
carried out: plant height (PH); leafarea (LA); and dry phytomass
of aerial parts (DPAP). For these determinations, 10 plants per
treatment were cut at the soil line at 7, 14, 21, 28, 35, and 42
DAE. The LA was determined by using a photoelectric leaf-
area meter (brand Li-cor Ltd., model LI-3100), which provides
direct reading in cm?. For determining PH, the measurements
were performed with aid of a ruler with scale in millimeters and
results were expressed in centimeters. The assessment of DPAP
was performed by the oven method, at 60 °C, within which
the seedlings were kept during a period of 72 h, and then were
weighed in a centesimal precision analytical balance. With
the results of LA and DPAP, the following parameters were
determined: crop growth rate (CGR), expressed in mg.day’;
relative growth rate (RGR), expressed in mg'g'.day"; and
liquid assimilation rate (LAR), expressed in mg.cm?.dia'. These
determinations were based on the methodology described in
Gardner et al. (1985), in which : CGR = (DM, ~DM)/AT,-T)) ;
RGR = (In DM, — In DM))/AT, - T); LAR = (DM, — DM, ) * (In
LA, —In LA)/LA, — LA ). Where: DM = dry mass; T = time;
and LA = leaf area.

For assessment of physiological quality of seeds a

completely randomized experimental design was used; and
for assessment of initial growth of seedlings a randomized
block experimental design was used, both of them with four
replications. Data were subjected to ANOVA and analyzed by
polynomial regression. For statistical analyses, the statistical
analysis system Winstat , version 1.0, was used (Machado and
Conceigao, 2003).

Results and Discussion

By results achieved it is possible to verify that there has
been no statistically significant effect for the parameters G
and FCG, with the increase on the dosages of the Zn, B,
and Mo micronutrients (Figures 1A and 1B). These data
corroborate results found by Funguetto et al. (2010) that,
in assessing seeds of rice have not observed statistically
significant effect of Zn application on the seeds. Similar
responses were obtained by Vieira and Moreira (2005) and
Ohse et al. (2000). However, these results disagree from
those results found by Avila et al. (2006) that have observed
significant increases on germination and vigor of corn (Zea
mays L.) seeds treated with Zn, M, and B, in which the
responses to application of these elements varied according
to the corn hybrids assessed.

For the cropping of rice, Ohse et al. (2000) have also
confirmed that treatment of seeds with Zn, B, and Cu can
be applied to seeds prior to sowing without impairing their
germination and vigor. Meireles et al. (2003) suggest that
Mo improves seed physiological quality by capacity of this
micronutrient in reorganizing the cellular membranes; thus
avoiding losses of leachates during their imbibition process.
Nevertheless, studies on coating of seeds with micronutrients
have shown variability in results.

In relation to variable LAP (Figure 1C) it can be observed
that the increase of dosages until 100 mL .100 kg' seed of
product used has led to an increase on aerial parts length of
rice seedlings; however above such dosage a decrease on LAP
has occurred. The values for RL and TLS have decreased
with the increase on the dosages up to 200 mL.100 kg
seed, agreeing with results found by Bays et al. (2007) that
in a similar study have not observed statistically significant
differences on length of seedlings with application of polymer
and micronutrients based on Cobalt (Co), Mo, and B; although
with addition of fungicide in the coating of seeds. These
authors have described that the values for these parameters
underwent only small variations; however, they have also
observed that there has been difference on length of seedlings
in relation to the dosages of the compound containing the
micronutrients.
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Figure 1. Polynomial regression for: germination (G) (A); first count of germination (FCG) (B); length of aerial parts (LAP)
(C); length of roots (LR) (D); total length of seedlings (TLS) (E); dry phytomass of aerial parts (DPAP) (F); and dry
phytomass of roots (DPR) (G), obtained from seedlings of lowland rice, cv. PUITA INTA-CL, originating from seeds
treated with different dosages of a commercial product containing Zinc, Boron, and Molybdenum.

For the variables DPAP and DPR, the application of
increasing dosages of micronutrients Zn, B, and Mo has not
caused statistically significant effect (Figures 1F and 1G). These
results are similar to results found by Bonnecarrére et al. (2004)
for lowland rice, who have also concluded that there has been

no statistically significant difference in relation to treatments
with deficiency or sufficiency of Zn in the nutritive solution or in
dosages applied, which did not differ between each other neither
for DPAP nor DPR. However, Yagi et al. (2006) have detected
a decrease on seed germination and in accumulation of dry
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mass of roots, as well as for the whole plant, in consequence of
Zn application to seeds of sorghum (Sorghum vulgare Pers.).
According to Oliveira et al. (2010), among the micronutrients
by them assessed, B was the element that most reduced castor
bean (Ricinus communis L.) seed germination, revealing rates
lower than those presented by treatments that did not receive
the micronutrient. Identical result has been found by Ohse
et al. (2000), who have also observed reduction on vigor of
rice seedlings by providing B via seeds. The authors have
attributed such results to the high dosages of the nutrient
applied to seeds; what may have caused phytotoxicity.

In regard to LA (Figure 2), it was detected a statistically
significant increase for this variable in function of increasing
dosages of the compound containing Zn, B, and Mo; being the
volume of 200 mL .100 kg seed the dosage that induced the
best performance (Figure 2). As much in relation to dosages
(Figure 2A) as in relation to assessment period (Figure 2B)

390,

W
[ e
oS o o

[VSIN
oS O <

(4
LA=0.2634x+328.4 R>=0.95

Leaf area (cm?)
W W W W W
W
o

W
[N ]
o

0 50 100 150 200
Dosage (mL.kg! seed)

assessed, it was observed a positive linear behavior for the
variable LA.

On Figure 3 are shown data referring to DPAP of the rice plants
treated with Zn, B, and Mo. The DPAP variable has generally
presented quadratic behavior for all treatments assessed. It can also
be observed that until 21 DAE, the values for DPAP have presented
little increase along time. However, after that assessment period,
the increase of these values was accentuated until 42 DAE. At that
assessment period a 27% increase has occurred for DPAP in the
dosage of 200 mL .100 kg seed, in relation to treatment control.
According to Ohse et al. (2000), Zn plays a role of growth promoter,
and thus its application will be reflected on production of dry mass,
similar to what has occurred in this experiment. Giordano and
Mortvedt (1973) have also achieved increase of 9% on production
of dry mass of rice plants when seeds were immersed in a zinc
sulfate (ZnSO*) aqueous solution, during 1 min., thus increasing
the Zn absorption in 18%, in relation to control.
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Figure 2. Polynomial regression for: leaf area (A) and assessment periods (B) of lowland rice seedlings, cv. PUITA INTA-
CL, originating from seeds treated with different dosages of a commercial product containing Zinc, Boron, and

Molybdenum. (DAE) = days after emergence.
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Figure 3. Polynomial regression for dry phytomass of aerial parts of lowland rice seedlings, cv. PUITA INTA-CL, originating from seeds
subjected to treatments with different dosages of a commercial product containing Zinc, Boron, and Molybdenum. Regression
analysis for dosages of product: 0 (control), 50, 100, 150, and 200 mL .100 kg! seed. (DAE) = days after emergence.
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By data presented on Figure 4, it can be verified that
height of rice plants, originating from seeds treated with Zn,
B, and Mo has presented a linear, positive, and increasing
behavior, showing such behavior as much in function of
dosages (Figure 4A) as for assessment period (Figure 4B),
being the dosage of 200 mL.100 kg seed, the treatment that
has presented the best performance, in relation to remaining
treatments. Therefore, it is possible to infer that this result was due
to the fact of Zn to be needed for tryptophan synthesis, an amino
acid precursor of the indoleacetic acid (IAA), which is a hormone
(auxin) promoter of growth in plants (Taiz and Zeiger, 2006); thus

*

PH = 0.0342x+43.34 R>=0.98

42 ‘ ‘ ‘ )
0 50 100 150 200

mL of product.kg™ seed

promoting an accentuated increases on plant height.

By observation of data presented on Tablel, it is
verifiable that plants subjected to treatments with Zn, B, and
Mo did not undergo influence of dosages of product tested
until assessment period of seven to 14 DAS for both the CGR
and RGR. However, starting from that assessment period,
occurred statistically significant increases with the increase
of dosages of the product containing the microelements for
the CGR variable. It can be also verified that variation of
CGR explains the evolution of production of TDP and LA
(Figures 2 and 3).

Plant heigth (cm)

PH = 1.6621x+6.0433 R*=0.95

0 ; : : : .
7 14 21 28 35 42

Assessment period (DAE)

Figure 4. Polynomial regression for height of lowland rice plants, cv. PUITA INTA-CL, originating from seeds treated with
different dosages of a commercial product containing Zinc. Boron, and Molybdenum (A) and assessed at different

periods (B). (DAE) = days after emergence.

In regard to RGR, it can be observed that in the periods
of assessment in what plants originating from seeds
treated with the micronutrients have presented the highest
productions of TDP and LA, the highest CGR has also
occurred (Table 1). It has still been found that during
the assessment period between 21 to 28 DAE the plants
originating from seeds treated with Zn, B, and Mo have
presented statistically significant differences among
treatments for CGR only for the dosage of 200 mL.100 kg
seed; although without statistically significant differences
among treatments for the remaining dosages (Table 1).
In relation to LAR, differences statistically significant
were not found among treatments, for all dosages and all

assessment periods studied.

The treatment of lowland rice seeds with Zn, B, and
Mo has little affected growth of plants; nevertheless, the
vigor and germination of the seeds treated with these
elements were not impaired by the treatment. The main
effect of seed treatment with these micronutrients could
be observed on yield. It is worthy to emphasize that
within this study positive results were not obtained for
germination; however, results statistically significant were
obtained for LA, TDF (DFAP + DFR), and CGR until 42
DAE. Several researchers are obtaining positive results on
germination and on the initial growth of seedlings through
the application of Zn, B and Mo via seed treatment.
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Table 1. Crop growth rate (CGR), relative growth rate (RGR), and liquid assimilation rate (LAR), obtained for lowland rice
seedlings, cv. PUITA INTA-CL, originating from seeds treated with different dosages of a commercial product
containing Zinc, Boron, and Molybdenum and assessed at different periods.

Dosage of product Assessment period (Days after emergence)

(mL.100 kg'l seed) 0to7 7 to 14 14 to 21 21 to 28 2810 35 35t042
CGR (mg.planta” dia™")

0 1517 ™ 40.89 ™ 69.19 ™ 168.74 b* 338.11 b* 393.81 c*
50 15.61 40.68 69.11 174.02 ab 344.00 ab 400.67 bc
100 16.04 40.31 68.31 178.26 ab 346.75 ab 403.88 abc
150 16.21 4091 69.30 182.05 ab 353.18 ab 411.37 ab
200 16.21 40.36 69.55 205.99 a 381.23 a 444.04 a

Mean 16.02 40.56 69.07 181.81 352.66 410.76
CV (%) 8.81 8.14 7.01 16.02 13.38 9.95
RGR (mg.g".dia™)

0 530" 5.92™ 6.65 b* 7.30 ™ 7.67 "™
50 5.30 5.92 6.77 ab 7.32 7.69
100 5.30 5.92 6.82 ab 7.33 7.70
150 5.31 5.92 691 a 7.34 7.71
200 5.32 5.93 691 a 7.40 7.78

Mean 5.31 5.93 6.81 7.35 7.72
CV (%) 4.97 2.84 10.21 7.53 4.51
LAR (mg.cn’.dia™)

0 0.760 ™ 0.490 ™ 0.620 ™ 0.730 ™ 0.620 ™
50 0.756 0.497 0.738 0.782 0.666
100 0.761 0.496 0.769 0.793 0.662
150 0.777 0.511 0.690 0.783 0.666
200 0.770 0.496 0.862 0.868 0.740

Mean 0.766 0.500 0.765 0.806 0.683
CV (%) 9.10 9.15 16.06 17.00 12.50

*Means followed by same letters for each response variable in the column do not statistically differ between each other by Tukey test, at 5% probability; ™ =

non significant.

Conclusions

The treatment of lowland rice with the commercial product
Binova GRA®, containing Zn, B, and Mo, until the dosage of
200 mL.kg"! seed, does not influence germination, first count of
germination, production of dry phytomass of aerial parts, and
dry phytomass of roots; nevertheless negatively influences the
length of seedlings. In addition, promotes increase of leaf area,
higher production of total dry phytomass and higher growth
rate of seedlings, until 42 days after emergence.

References

AMBAK, K.; TADANO, T. Effect of micronutrient application
on the growth and occurrence of sterility in barley and rice in
a Malaysian deep peat soil. Soil Science and Plant Nutrition,
v.37, nd4, p.715-724, 1991.  http://ci.nii.ac.jp/els/110001720081.
pdf?id=art0001863338&type=pdf&lang=en&host=cinii&order no=&ppv_
type=0&lang_sw=&no=1329266666&cp

AVILA, MR.; BRACCHINI, AL.; SCAPIM, C.A.; MARTORELLI,
D.T.; ALBRECHT, L.P; FACCIOLI, E.S. Qualidade fisiologica e
produtividade das sementes de milho tratadas com micronutrientes
e cultivadas no periodo de safrinha. Acta Scientiarum. Agronomy,
v.28, nd4d, p.535-543, 2006. http://ci.nii.ac.jp/els/110001720081.
pdf?id=art0001863338&type=pdf&lang=en&host=cinii&order no=&ppv_
type=0&lang_sw=&no=1329266666&cp

BAYS, R.; BAUDET, L.; HENNING, A.A.; LUCCA FILHO, O.
Recobrimento de sementes de soja com micronutrientes, fungicida e
polimero. Revista Brasileira de Sementes, v.29, n.2, p.60-67, 2007. http://
www.scielo.br/pdf/rbs/v29n2/v29n2a09.pdf

BRASIL. Ministério da Agricultura, Pecuaria e Abastecimento. Regras para
andlise de sementes. Ministério da Agricultura, Pecuaria e Abastecimento.
Secretaria de Defesa Agropecuaria. Brasilia, DF: MAPA/ACS, 2009. 395p.
http://www.agricultura.gov.br/arq_editor/file/laborat%c3%b3rio/sementes/
regras%20para%?20analise%20de%20sementes.pdf

BONNECARRERE, R.A.G.; LONDERO, F.A.A.; SANTOS, O.; SCHMIDT,
D.; PILAU, F.G; MANFRON, P.A.; DOURADO-NETO, D. Resposta de
genotipos de arroz irrigado a aplicagdo de zinco. Revista Faculdade Zootecnia
Veterinaria e Agronomia, v.10, p.214-222, 2004. http://revistaseletronicas.
pucrs.br/ojs/index.php/fzva/article/viewFile/2171/1688

Journal of Seed Science, v.35, n.4, p.532-539, 2013



L. C. TAVARES et al. 539

CAMPOS, M.E.; ONO, E. O; BOARO, C.S.F; RODRIGUES, J.D. Analise
de crescimento em plantas de soja tratadas com substancias reguladoras.
Biotemas, v.21,1n.3, p.53-63, 2008. http://journal.ufsc.br/index.php/biotemas/
article/view/20738/18846

CONAB - COMPANHIA NACIONAL DE ABASTECIMENTO.
Acompanhamento de safra brasileira: graos, Quarto levantamento, janeiro
2011. Brasilia: Conab, 2011. http://www.cileite.com.br/sites/default/
files/4graos_06.01.11.pdf. Accessed on: Jul. 11" 2011.

COMISSAO DE QUiMICA E FERTILIDADE DO SOLO — RS/SC Manual
de Adubagio e de Calagem para os estados do Rio Grande do Sul e de Santa
Catarina. 10° d. Porto Alegre: NRS/SBCS, 2004. 400p.

FUNGUETTO, C.I.; PINTO, J.F.; BAUDET, L.; PESKE, S.T. Desempenho
de sementes de arroz irrigado recobertas com zinco. Revista Brasileira de
Sementes, v.32,n.2, p.117-123, 2010. http://www.ifrr.edu.br/sistemas/revista/
index.php/revista/article/view/54/53

GIORDANO, PM., MORTVEDT, J.J. Zinc sources and methods of
application for rice. Agronomy Journal, v. 65, p. 51-53, 1973.

GARDNER, F. P; PEARCE, R. B.; MITCHELL, R. L. Physiology of crop
plants. Ames: lowa State University Press, v.12, n.2, 321p, 1985. http://www.
ufpel.tche.br/faem/agrociencia/v12n2/artigo07.pdf.

LEWIS, D.H. Are there interrelations between the metabolic role of
boron synthesis of phenolic phytoalexins and the germination of pollen.
New Phytologist, v.84, p.261-270, 1980. http://onlinelibrary.wiley.com/
doi/10.1111/j.1469-8137.1980.tb04426.x/pdf

MACHADO, A.A.; CONCEICAO, A R. Sistema de analise estatistica para
Windows. WinStat. Versdo 1.0. UFPel, 2003.

MARCHESAN, E.; SANTOS, O.S.; AVILA, L.A.; SILVA, R.P. Adubagio
foliar com micronutrientes em arroz irrigado, em area sistematizada. Ciéncia
Rural, v.31,n.6,p.969-972,2001. http://www.scielo.br/scielo.php?script=sci_
pdf&pid=s010384782001000600003 &Ing=en&nrm=iso&tlng=pt

MEIRELES, R.C.; REIS, L.S.; ARAUJO, E.F.; SOARES, A.S.; PIRES, A.A.;
ARAUIJO, G.A. A; ANDRADE, G.A. Efeito da época e do parcelamento de
aplicacdo de molibdénio, via foliar, na qualidade fisiologica das sementes de
feijao. Revista Ceres, v.50, n.292, p.699-707, 2003. http://www.ceres.ufv.br/
ceres/revistas/v50n292p25703.pdf

MURALIDHARAN, P.; JOSE, A L. Effect of boron and molybdenum on the
uptake of nutrients in rice. Journal of Tropical Agriculture, n.32, v.2, p.157-
158. 1994.

NAKAGAWA, J. Testes de vigor baseados no desempenho das plantulas.
In: KRZYZANOWSKI, F.C.; VIEIRA, R.D.; FRANCA-NETO, J.B. (Ed.).
Vigor de sementes: conceitos e testes. Londrina: ABRATES, 1999. 2-21p.

NUNES, J.C. Tratamento de semente — qualidade e fatores que podem afetar a
sua performance em laboratorio. Syngenta Prote¢do de Cultivos Ltda. 2005. 16p.

OHSE, S.; MARODIM, V.; SANTOS, O. S.; LOPES, S. J.; MANFRON, P.
A. Germinagao e vigor de sementes de arroz irrigado tratadas com zinco,
boro e cobre. Revista da Faculdade de Zootecnia Veterindria e Agronomia,
v.7-8, n.1, p.41-79, 2000. http://revistaseletronicas.pucrs.br/ojs/index.php/
fzva/article/viewfile/2088/1582

OLIVEIRA, R.H.; SOUZA, M.JL. MORAIS, O.M.; GUIMARAES,
B.V.C.; PEREIRA JUNIOR, H. A. Potencial fisiolégico de sementes de
mamona tratadas com micronutrientes. Acta Scientiarum, v.32, n.4, p.701-
707, 2010. http://periodicos.uem.br/ojs/index.php/ActaSciAgron/article/
view/4829/4829

RAFEY, A.; PANDE, H.K.; MITTRA, B.N. Effect of micronutrients and
grain moisture content at harvest on yield and milling quality of rice. Journal
of Research Birsa Agricultural University, v.4,n.1, p.71- 74, 1992.

SCIVITTARO, W.B.; GOMES, A.S. Adubag¢do e Calagem para o Arroz
Irrigado no Rio Grande do Sul. Pelotas-RS, 2007. Embrapa Clima
Temperado. (Circular Técnica 62). 2007. 8p.

SILVA, L.S.; SOUSA, R.O.; BOHNEN, H. Alteragdes nos teores
de nutrientes em dois solos alagados, com e sem plantas de arroz.
Ciéncia Rural, v.33, n.3, p.487-490, 2003. http://www.scielo.br/
scielo3122201000020001400023 & Ing=en

STRECK, E.V; KAMPF, N., DALMOLIN, R.S.D.; KLAMT, E;
NASCIMENTO, P.C.; SCHNEIDER, P.; GIASSON, E.; PINTO, L.ES.
Solos do Rio Grande do Sul. 2.ed. Porto Alegre: EMATER/RS-ASCAR,
2008. 222p. http://orton.catie.ac.cr/cgi-bin/wxis.exe/?isisscript=agb.
xis&method=post&formato=2&cantidad=1&expresion=mfn=239969

SUNDIM, M.E.C.AM.; ALVES, J.M.; BALDANI, V.L.D.; GOI, S.R;
JACOB-NETO, J. Respostas de cultivares de arroz a aplicagdo de molibdénio
e diferentes fontes de nitrogénio. Agronomia, v.36, p.56-61, 2002. http://
www.ia.ufrtj.br/revista/artigos/2002-12/20 3 1.pdf

TAIZ, L. ZEIGER, E. Fisiologia Vegetal. 3.ed. Porto Alegre: Artmed. 2006,
705p. http://dx.doi.org/10.1590/s1413-70542011000200015

VIEIRA, E.H.N.; MOREIRA, G.A. Peletizag¢do de sementes de arroz. Santo
Antonio de Goias: Embrapa Arroz e Feijdo, 2005, 2p. (Embrapa Arroz e
Feijao. Comunicado Técnico, 111). http://www.infoteca.cnptia.embrapa.br/
bitstream/doc/214101/1/comt111.pdf

YAGI, R.; SIMILI, F.F.; ARAUJO, J.A.; PRADO, R. M.; SANCHEZ, S.V.;
RIBEIRO, C.E.R.; BARRETTO, V.C.M. Aplicagdo de zinco via sementes
e seu efeito na germinagdo, nutrigdo e desenvolvimento inicial do sorgo.
Pesquisa Agropecudria Brasileira, v.41, n.4, p.655-660, 2006. http://www.
scielo.br/pdf/%0d/pab/v41n4/29813.pdf

Journal of Seed Science, v.35, n.4, p.532-539, 2013



