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Influence of foliar fertilization with manganese on germination, vigor
and storage time of RR soybean seeds
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ABSTRACT

This study aimed to evaluate the influence of foliar fertilizer doses containing Mn of phenological stages of
suggested application in RR soybeans, to recover management damages with glyphosate at postemergence application
on seed vigor in post-harvest and post six months storage. The seeds originated from a field experiment conducted
, which included two applications of glyphosate, concomitant with foliar fertilizer in growth stages V4 and V6, with
0.00, 113.50 and 227.00 mg th@oses of Mff. Germination, GSI (Germination Speed Index), electrical conductivity
tests and the first count of seeds were conducted. The application of Mn did not affect the physiological quality of
RR soy in postharvest. Howeyén post-storage, higher doses of Mn had a negatfeetedn tests of abnormal
seedlings, GSI and electrical conductivitye applications of Mn, regardless of the developmental stage, did not
interfere in the germination and first count tests, with and without storage. The electrical conductivity test showed
a higher correlation with the seed germination test in the post-harvest treatment.

Key words: Glycine maxL., physiological qualitymicronutrients, glyphosate.

RESUMO

Influéncia da fertilizag&o foliar com manganés para a germinagao, vigor e tempo de
armazenamento de sementes de soja RR

Este trabalho propds avaliar a influéncia de doses de fertilizante foliar com Mn e de estadios fenoldgicos de
aplicacdo sugeridas, em soja RR, para se recuperar de injarias do manejo com glyphosate em pés-emergéncia,
sobre o potencial fisiolégico das sementes em pos-colheita e pds-armazenamento de seis reesestes
foram originadas de um experimento realizado a campo, que contou com duas aplica¢gGes do herbicida, concomitantes
com fertilizante foliar nos estadios fenoldgicd#t e V6, com doses de 0,0013,50 e 227,00 mg Hade Mrt*.

Foram conduzidos testes de germinacéo, de IVG (indice de velocidade de germinacéo), de condutividade elétrica e
de primeira contagem em sementfesplicacdo de Mn néo influenciou a qualidade fisiolégica da soja RR em pés-
colheita. Ja, em pds-armazenamento, as doses mais elevadas de Mn tiveram efeito negativo nos testes de plantulas
anormais, de IVG e de condutividade elétrsaaplicacfes de Mn, independentemente do estadio fenolégico, ndo
interferiram nos resultados dos testes de germinacéo e de primeira contagem, com e sem armazenamento. O teste
de condutividade elétrica apresentou maior correlacdo com o teste de germinacdo de sementes no tratamento pos-
colheita.

Palavras-chave Glycine maxL., qualidade fisiol6gica, micronutriente, glyphosate.
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INTRODUCTION can irhibit lipid synthesis or secondary metabolites, such

. . _ as gibberellic acid and isoprenoids. It also participates
Soybean Glycine maxL.) is the oilseed crop that . . -
as catalyst in enzymatic activities such as malato

has presented the highest growing rate in Brazil over t%%sidrogenase, acid phosphatase, superoxide dismutase,
last three decades. It corresponds to about 49% of tgl%ong others (Burnell, 1988)

national sowing fields (Brasil, 2013). The increase in In terms of physiological vigor of seeds, its

productivity _is associated with technological advance&etermination is important since this can be affected by
and the efficient management of the producers. The 9rlBerq) factors: genetic composition, environmental
is the main source of vggetable proteln, eSS?nt'%nditions during production, mother-plant nutrition,
component of animal feeding production, and adding 19446 of ripening and harvest, size and seed mass, seed
that, its use in human feeding is also increasing. (Juhagze mechanical integrity and environmental conditions
et al, 2013). during storage (Sa, 1994; Carvalho & Nakagawa, 2000).

Along with the increasing modernization of RR  goyhean seeds can have longevity exceeding 10 years
transgenic soybean crofir@ndup Ready, major i siored in permeable containers (pametton, jute and
changes to improve the production process are requirggyen polypropylene bags) and kept under warehouse
from seed producers. Thus, the vigor tests have been ugefironment at 20-25 °C and 65% to 70% relative
as routine tools by the seed industry to determine th@jlimidity, thus maintaining germination for a between-
physiological quality Yieira et al, 2002). harvest period of 6-8 months, although marked reductions

Also, the RR soy has presented increased productifivigor can be found (\fela & Menezes, 201).
throughout the country in the recent years, which led to Storage can bring advantages, because it acquires a
increased use of herbicides with the active ingrediepégulatory function in the market regarding the trade of
glyphosate, especially in postemergence, given the layains for consumption and for seed. Thus, storage is
cost and practicality in using this management (Franchimiandatory once the harvest period hardly coincides with
et al 2008) the proper time of sowind3{agi et al, 2002). However

At the same time, professionals observed leafeeds, in general, do not present higher quality during
yellowing after applying the herbicide where it got inthe storage period. Even under exceptional conditions,
contact with the leaves, indicating a possible manganes$g deterioration process is irreversible (Carvalho &
deficiency (Mn) (Naveet al, 2012). Nakagawa, 2000).

Glyphosate can cause stress, phytotoxic effects, However there are not so many studies on the actual
affect photosynthesis and nutrient balanZebfole et influence of using the fertilizer with Mn in RR soybeans
al., 2010a)As highlighted byTaiz & Zeiger (2004), any for seeds production, especially on the result of
stress causes negative effect on the normal growth amé@nagement with glyphosate. Due to a possible damage
development of plant species, leading to a concern ab@itsing from the mentioned herbicide, either alone or
the herbicide use in RR soybean crops. This stressfiimbined with Mn, it is supposed that interferences may
effect could lead to a smaller increase in seed ma&§cur concerning the physiological performance of seeds.
which would indicate malformed seeds (Marcos Filho, In this context, the study aims at evaluating the
2005). Thus, the application of glyphosate has potenti'@fluence of foliar fertilizer with Mn at different do-
to negatively influence the physiological quality of RRe€S and growth stages in RR soybean crops, managed
soybean seed#(prechtet al, 2009). with glyphosate in postemergence on the physiological

Aiming to find a correction of Mn deficiency in RR potential of seeds produced and stored for a period of
soybeans, the foliar application is more efficient thaﬁ?x months and the correlation between germination and
soil application Mannet al, 2002) and research hasV'90"
shown significant responses to Mn, which has increased
the commercial use of foliar fertilizer in crops (StautMATERIAL AND METHODS
2009). The research used seeds from a field experiment and

Such studies show that the Mn application in soybeaperformed from October 2010 (seeding) to March1201
regardless of the cultivaincreases grain yield, (harvest) in an area with direct planting system, located
germination, electrical conductivitand the emeence in Palotina - PR (24 ° 16 '04 “S, 53 ° 46’4W, 310 m
speed index (Manat al, 2002). In Brazil, it is noticed altitude). The climate is tropical, hot and humid (Cfa)
the use of foliar application with Mn to mitigate theseaccording to Koppeype 2 soil, medium class texture,
potential damages by glyphosate (Zobieti@l, 2010b). Red Latosol (Oxisol) (Embrapa, 2006).

According toMalavoltaet al (1997), Mn plays a key The transgenic soybean cultivar used was BMX
role in cell elongtion and in situations of deficiendy PotenciaRR®. The sowing fertilization was performed
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448 Vanessa Leonardo Ignaat al.

according to the soil analysis and recommendations of Tests were conducted in thechnology Laboratory
Embrapa (2010), being applied in the line 248 k§dfa of Seeds and Seedlings for the evaluation of the seed
the formulated 00:20:20 NPK (NP,O,.: K,O) without quality. The tests were applied twice: once, in the seeds
Mn in its formulation. Regarding the presence of Mn imfter harvesting in the field experiment (postharvest) and
the soil, the analysis showed 82.00 mgdbefore another for seeds after six months of storage in a cool
sowing, being classified as High content. Other nutrienttry place (after storage), simulating a conventional
presented no deficiency in the soil. (Embrapa, 2010).warehouse of seeds.

The treatments of the field experiment consisted of The following determinations were carried out:

a randomized block design (RBD), factorial with Degree of humidity. determined with 4 replicates

additional treatment [(3x2) +1], three doses of folian 15 seeds of each treatment using the oven method at

fertilizer with Mn and two phenologically distinct 105 £ 3 °C for 24 hours. The results were expressed as
soybean stages: V4 (over 50% of trefoil developed_ I;'3‘ercentages, along with calculating the coefficient of

N .
the 4" node) and_ V6 (over SQ% qf trefoll develqped N, ariation (Brasil, 2009).
the 8" node), with four replications. The additional
treatment — Control - received no herbicide and fertilizer - Mass of a thousand seedsthe methodology
only hand weeding to keep it free of weeds. established by the Rules for Seethlysis (Brasil, 2009)

The culture received two applications of glyphosat@as used: eight replicates of 100 seeds, and the results
in postemergence as a way of management for wed§re expressed in grams, along with calculating the
control of plots in the 7 treatments; the timing of Mrfoefficient of variation.

application was concomitant with the herbicide (V4 and . germination test conducted with four replicates
V6). The doses of fertilizer with Mn were: 0.00,3L50  of 25 seeds for each treatment, using rolls of germination
and 227.00 mg haMn*, representing the most usualpaper in germination chamber at 25 °C. The moistening
doses recommended by the management for this typey@ds carried out with the amount of water equivalent to
management. 2.5 times the mass of dry substrate. The tests were
The commercial herbicidBandup Ready with the  interpreted 4 and 7 days after seeding, according to the
concentration of glyphosate isopropylamine salt of 64&iteria set out in the Rules for Seadalysis (Brasil,
g.L* was used at a dose of 2.5 LthAs foliar fertilizer 2009). The results were expressed as a percentage of

the commercial product Broadacre Mwith 50% Mn  normal seedlings, those that had all structures developed,
m/v was used. The applications in the plots wergnd abnormal seedlings.

performed with manual spraying equipment, equipped
with a CQ, cylinder of known volume and constant
pressure. The harvest was manual in 22 pen plot.

After the reaping for this preliminary experiment, th
seeds were separated in 7 treatments, or sugges@S8l = G1/N1 G2/N2 + + ... + Gn/ Nn
managements, for the seed quality evaluation:

- Germination Speed Index(GSl): methodology
proposed by Krzyzanowslet al. (1999), using the
efoIIowing formula:

In which:
1. Mn 0,00 mg.h&application at the V4 soy growth

GSI = Germination Speed Index;
stage, glyphosate as herbicide. P

o G1, G2, Gn = number of normal seedlings computed
2. Mn 113,50 mg.ha application at the/4 soy  fom the first day until the last.

growth stage, 'glyphosate as herbicide. 3. Mn 227’%1, N2, Nn = number of days after sowing from the first
mg.hat application at the V4 soy growth stage, glyphosatt% the last count.
as herbicide. 4. Mn 0,00 mg:happlication at the V6
soy growth stage, glyphosate as herbicide. - Electrical Conductivity: four replicates of 50
5. Mn 113,50 mg.hd application at the/6 soy seeds were weighed on a precision scale of 0.01 g and
' ' ' laced in glass beakers (200 mL capacity) containing 75

growth stage, glyphosate as herbicide. 6. Mn 227,(5;]0L of deionized water for 24 hours at 25 °C

mghat gppllcatlon atthe V6 soy growth stage, glyphosat&(rzyzanowskiet al, 1999).After this period, the
as herbicide. o . . .
conductivity reading was performed with a digital
And 7. No Mn nor herbicide application, namecconductivity metervith results expressed in imhos-cm
Control. gt
For the germination and vigor tests, the Completely - First Count: it was performed in combination with
Randomized Design (CRD) was used, with 7 treatmentise germination test, recording the percentage of nor-
and 4 repetitions. mal seedlings on the fourth day after sowing.
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For germination and vigor tests a completelyithin the ideal range (13%), which minimizes the
randomized design (CRD) was used, with seveinfluence on tk physiological quality
treatments and four replications. Data were subjected to According to Marcos Filho (2005), fresh seeds have
analysis of variance and the factors that had significahigh physiological potential due to a faster restoration
effect by the F test (Fisher) had their averages analyzetimembrane integrityBased on that, no d&rences
by the Tukey test at 5% probabilityPearsors linear were observed in germination and vigor for the
correlation coefficients test was also performed. Thegostharvest treatment which presented an average of
analyses were carried out using the statistical compu®?,28%, although, as the time passed, this speed came

program GENES - VS 2009.7.0 (Cruz, 2006). out slower which is observed ifiable 2.
It can be observed imable 2, the results of the
RESULTSAND DISCUSSION variance analysis of the seeds in post-storage. Significant

effects of the treatments were noticed, and an average
Table 1 shows the treatments and humidity values aagmparison was conducted.
mass of a thousand RR soybean seeds for postharvesiNo significant difference was found for germination
and post-storage. It is noted that the seeds tended to f&ts and the first count. This effect may be related to
lance their moisture and after six months, the change daed moistureAmaral & Baudet (1983) explained that
all treatments achieved similar values, probably followingne germination percentages in terms of an initial
the fluctuations of relative humidity (Amaral & Baudet,humidity between 1.4% and 13.4% show no significant
1983). differences throughout the storage period regardless of
The results of variance analysis tests for the seedstiaé packaging used.
postharvest presented no statistically relevant difference Added to that, the initial moisture valuesble 1) of
(p > 0,05) among the treatments, indicating that thseeds after storage, demonstrate that treatments with Mn
management used in the crop, herbicide and Mdid not influence directly on moisture and, consequently
applications, did not cause any differences in then germination testsAlso, Cerqueira & Costa (1981),
physiological quality of the seeds. storing soybean seeds at 10% and 14% humidity
Similar results were found by Melaragbal. (2002), concluded that there was no interference of the initial
who worked on foliar applications and different Mn domoisture content with the seed quality during storage,
ses and stages of soybean, without storage, presentih@ to the higroscopic equilibration of seeds.
no significant result for the product and concluding that Also, in aged seeds after extended storage or even
Mn does not influence the physiological potential o&fter exposure to unfavorable environmental conditions,
seeds produced. germination may not be affected, but the vigor is
This indicates that postharvest seed had similaignificantly reduced. Thus the main aspect of this type
germination and vigoregardless of the type of treatmenbf analysis is the demonstration that stored seeds do not
received concerning the glyphosate with Mn fertilizedose germinability simultaneously showing dérent
The same result was obtained by Manal (2002), who aging rates (Marcos Filho, 2005).
found no differences in fresh soybean seeds and only To test abnormal seedlings, it was noticed that the
further decreased vigor after accelerated aging test. Ittieatment with the lowest absolute average was 227.00
noteworthy that the seed moisture during harvest wasg ha' Mn in the V4 stage and, contradictorjlyhe

Table 1 Treatments, thousand seed mass, moisture content in postharvest (PC) and postAjofaige-@eficient of variation

Dose Thousand seed mass Moisture content
Treatments Sadium Mn 2 g %
(mg ha?) PC PA PC PA

T1-V4-0,00 V4 0.00 140.81 137.03 12.93 11.52
T2-V4-113,50 V4 113.50 144.00 136.75 13.10 11.93
T3-V4-227,00 V4 227.00 144.97 137.15 12.89 11.81
T4-V6-0,00 V6 0.00 146.29 137.48 12.90 11.58
T5-V6-113,50 V6 113.50 147.80 138.18 12.98 11.57
T6-V6-227,00 V6 227.00 144.82 138.49 12.92 11.36
T7-Controle - - 145.96 137.24 12.93 11.24
CV (%) 1.52 0.46 0.56 2.06

CV - Coefficient of variation.
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treatment with the higher average was 227.00 at the W& absorption and efficiency of each element (Malavolta
stage, indicating that the Mn effect was positive at thet al., 1997), it is noteworthy that in this experiment,
highest dose but at the early stage of culture. the Mn application took into account the management

Therefore, it is relevant to comment on the high rateith glyphosate and its possible deficiency against the
of fungal diseases found in seeds during the test, but farbicide and not the mentioned factors.
quantified and/or analyzed in this experiment due to the Therefore, there are many interactions of the
long storage time and no chemical treatment againstitrients in the plant system, in addition to strict
these fungi. The reason might be that seeds are in conte@mpatibility problems. The presence of a nutrient in
with their coats in the standard germination test (pap#re solution can negativelyfatt the absorption of other
roll) and thus, promote greater infection by pathogen#, was previously reported that excessive presence of
as mentioned by Scheerehal (2006), acting directly metal ions such as Fe, Mn ahlireduces Cu availability
on soybean seedlings formation, but not affecting the plants and this effect is independent of the soil type.
germination. Also Fe deficiencyin most cases, is caused by

The results obtained in the GSI test indicate that thembalance regarding other metals such as Mo and Mn
treatment with 13.50 mg Mn haapplied at th&/6 stage (Lopes, 1999).
had the highest average compared to the others, notLikewise, Fernandest al (2007), evaluated the
differing significantly from the treatments T1 V4-0.000,quality of bean seeds as a result of foliar application of
T2 V4-113.50,T3 V4-227.00 andT4 V6-0.00; the fertilizer with Mn at different doses and stages and found
control treatment (T7) showed the lowest averaghat seed germination was not affected and the ESI
between the treatments, differing statistically only frondecreased with fertilizer application, indicating
treatmentsT5 V6-113.50 andl'6 V4-113.50. controversial effects in other leguminous plants.

In this test, the Mn application associated with In the electrical conductivity test, the treatment with
glyphosate management favored directly on seeds qualitye highest averages, and therefore the lowest,wigs
Mannet al (2002), have observed the positive effect othe dose 227.00 mg hat stage V6 and Control, not
fertilizer to increase the emergence speed index of Ri¥fering statistically from each othéris indicates that
soybean in their work. For Lopes (1999), the Mrhe application of high Mn doses with glyphosate or no
application favors the seeds vigespecially after aging. Mn dose without herbicide was harmful to the seed vi-

It is noteworthy that higher doses in advanced stagm®r. The lowest doses at the initial stage of cvigphad
of culture have more deleterious effect due to the fatite lowest value, corresponding to lower release of
that it would be depositing large amounts ofxudates, indicating high physiological potential,
micronutrients in a greater leaf area, which results irevealing lesser degree of disorganization in the
possible antagonistic interaction with other nutrients imembrane systems of cells.
the plant. If we consider the concept of crop fertilization, In this context, it must be remembered that the
which is calculated based on their nutritional needspmmercial product used as fertilizer has the manganese
considering the amount of nutrients present in the sallfate (MnSQ) in its composition, a type of salt that

Table 2 Results of germination tests, abnormal plants, GSI, conductivity and first count of seeds in post-storage of RR soybeans

Germination Abnormal plants GSl Conductivity Fisrt count

Treatments
(%) (%) (%) H mhos cm* g* (%)

T1-V4-0,00 76 a 32ab 2.04 abc 178.48 ¢ 16a
T2-V4-113,50 70a 20 ab 2.50 ab 186.41 ¢ 26 a
T3-V4-227,00 64 a 17b 2.35 abc 178.45¢ 30a
T4-V6-0,00 64 a 18b 2.36 abc 189.87 ¢ 26 a
T5-V6-113,50 71la 2lab 257 a 267.31b 28a
T6-V6-227,00 69 a 37a 1.83 bc 302.1 ab 16a
T7-Controle 62 a 24 ab 1.77c 348.03 a 23a
Average 68 24.14 2.20 235.81 23.57
F 1.03s 3.99 4.30° 32.67 2.29s
CV (%) 14.26 31.36 14.09 10.33 31.36
DMS 22.30 17.40 0.71 56.02 16.99

Averages followed by the same letter in the column do nfgrdifatistically from each othéFhe Tukey test at 5% probability was appli€d-
significant by the F test at 1% probability- not significant by the F test.
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may interfere in the osmotic balance of seéds0, itis in the germination test. There is 92% negative correlation
known that saline and water stress produced by salts exegtween variableF.hese results agree witltaujo et al.
negative effects on soybean seeds vigor (Moraes (2011), who also worked on a leguminous plant (green
Menezes, 2003). beans) and obtained similar negative results of Pearson’
The adverse results produced by these solutes may hawerelation values around 90% between germination and
been due to the osmotic and/or ionic effect that hindetectrical conductivity
water absorption or facilitate the penetration of ions into In post-storage tests, the treatments T6 V6-227.00
the cells (\n Der Moezel & Bell, 1987).Then, ta do- and Control were responsible for the reduction in the
ses of foliar fertilizer with Mn in the crop can cause theseorrelation coefficient in the conductivity test for
characteristics and fatt the physiological quality germination, once these showed higher conductivity
One hypothesis to explain the differences amonmgadings, causing increased data variance that interfered
treatments in the conductivity test is the fact that Mn iwith the significance of the results. The variable that most
involved in the lignin formation, one of the substancesorrelated with germination was the number of abnormal
present in the cell wall that provides waterproofingeedlings, showing 50% positive correlation.
characteristics and may exert significant effect on the
capacity and speed of water absorption through t{eONCLUSIONS
integument. Therefore, it alters the amount of leached

released.to tht.adextgrnal enylrpnment,hscgtli;ee;df;uch A% RR Soybean, managed wigyphosate do not
sugaramino acid and inorganic 1ons such as; N9 influence the physiological quality of the post-harvest

to lower levels of lignin in the soybean seeds coat, whic ed, apart from the growth stage when the application
may relate to the higher values of electrical conductivit%as [,:)erformed

(Panobianceet al, 1999; Marcos Filho, 2005). | he higher d ¢ the foliar Mn had
According to Malavoltat al. (1997), Mn is required n !aos.t-storage,.t € higher osesp the foliar Mn ha
negative influence in abnormal seedlings and GSI stages

for the peroxide dismutase activityhich protects cells | )
from the harmful effects of free radicals. Thus, changé@ both growth stages. On the other hand, the electrical

in unsaturated fatty acids are likely to occur by the actiocf'PndUCt'V'ty was negative only at the V6 Growth Stage
of these free radicals in situations of deficiency or MR the suggested dose of Mn 227,00 m§.ha
unavailability resulting in the disruption of cell ~ The applications of fertilizer with Mn in the
membrane (Carvalho, 1994), which would explain thieatments with and without glyphosate, regardless of
high conductivity values found in the control treatmengdevelopmental stage, did not interfere with germination

The matrices of Pearsantorrelation between the and first count in the post-harvest and post-storage.
tests of germination and seeds vigor of RR soybeans are The electrical conductivity test showed higher
presented iffable 3. For post-harvest tests, the electricalorrelation with the seed germination test in postharvest
conductivity shows the highest correlation value with thateatment.

The application of foliar fertilizer containing Mn at

Table 3 Pearsors correlation coéitients between the variables analyzed in the tests for germination and seeds vigor in postharvest
and post-storage

Seeds post-harvest tests

Testes G AP GSI C. FC
G 1.00 0.58¢ 0.13¢ -0.97 0.29s
AP 1.00 -0.73¢ -0.37 -0.19¢
GSlI 1.00 -0.31¢ 0.61s
C. 1.00 -0.59¢
EC 1.00
Seeds post-storage tests

Tests G AP GSI C. FC
G 1.00 0.50° 0.13s -0.32 -0.49s
AP 1.00 -0.71s 0.37¢ -0.95"
GSlI 1.00 -0.61s 0.74s
C. 1.00 -0.258
FC 1.00

G - GerminationAP - abnormal plants; GSI - Germination speed index; C. - Electrical condyd&@ityfirst count. ** and * significant at 1% and 5%
probability by the t-test, respectively: not significant.
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