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ABSTRACT: The study aimed to assess application efficiency of Mo doses through leaves in two sowing dates and
different phenological stages on agronomic characteristics of two peanut cultivars. The experimental design was a
randomized block with four replications, with the treatments arranged in a factorial design 2 x 2 x 6 x 2, being two
cultivars (IAC Tatu and IAC 886), two sowing dates, six Mo doses applied to the leaves (0, 50, 100, 200, 400 and
800 g ha") and two application times (early flowering and early seed formation). Were evaluated the number of
pods/plant, the number of grains/pod, the weight of 100 grains, the yield of grain, the pod production and protein,
lipids and the Mo contents in the grains. The highest pod yields were obtained with sowing in November, for both
cultivars. The IAC 886 presents a significantly higher production than IAC Tatu when sown in November. When the
seeds were sown in March, the cultivars showed similar productions. Foliar application of Mo at flowering and pod
formation did not affect the agronomic characteristics, protein and lipid contents in peanut grains. The increase in
Mo doses increased the content of this micronutrient in the grains.
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EPOCAS DE SEMEADURA E APLICAGAO FOLIAR DE MOLIBDENIO PARA DOIS CULTIVARES DE AMENDOIM

RESUMO: O trabalho teve como objetivo avaliar a eficacia da aplicacdo de diferentes doses de Mo em duas
épocas de semeadura e estadios fenoldgicos de dois cultivares de amendoim. O delineamento experimental
utilizado foi em blocos casualizados com quatro repeticdes, com os tratamentos dispostos em um esquema
fatorial 2 x 2 x 6 x 2, sendo, duas variedades (IAC Tatu e IAC 886), duas épocas de semeadura, seis
doses de Mo aplicados via foliar (0, 50, 100, 200, 400 e 800 g ha') e duas épocas de aplicacéo (inicio do
florescimento e inicio da formagdo dos gréos). Foram avaliados o numero de vagens/planta, o nimero de
graos/vagem, a massa de 100 grdos, o rendimento em graos, a produgdo de vagens e o teor de proteina,
lipideos € Mo nos gréos. As maiores produgdes de vagens foram obtidas com a semeadura em novembro,
para ambos os cultivares. O cultivar IAC 886 apresenta produgao significativamente superior ao IAC Tatu
quando semeados em novembro. Quando a semeadura foi realizada em margo, os cultivares apresentaram
producdes semelhantes. A aplicagao foliar de Mo, no inicio do florescimento ou formagdo de vagens, nao
alterou as caracteristicas agronémicas e os teores de proteina e lipideos nos graos de amendoim. O aumento
das doses de Mo elevou o teor desse micronutriente nos graos.

PALAVRAS-CHAVE: Arachis hypogaea L.; IAC 886; IAC Tatu; adubagéo molibdica.

INTRODUCTION Paulo State. At the West region, peanut has been
The Brazilian peanut production is mainly —cultivated inareas where once were pastures and sown
concentrated at the North and West regions of Sao in two times: October/November and February. At the
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Noth region, peanut has been cultivated in sugarcane
renewing areas, usually during the month of November
(Bolonhezi et al., 2005). These areas are composed by
various soil types, including acidic soils of low fertility.

The recommended period for peanut sowing
at the Sao Paulo state, however, does not take into
account the climatic specificities of the different regions,
indicating, widely, the months of October or November
and February or March, as the most appropriate for
peanut sowing during the raining and dry season,
respectively (Godoy et al., 2014). Some studies on
peanut sowing times have shown that highest yields are
achieved when the crop is implanted at the beginning
of the raining season (Peixoto et al., 2008; Kasai et
al., 1999). They also shown that, even during the dry
season, the postponement of the sowing time has a
positive influence in the crop’s production (Crusciol et
al., 2000).

Even though the crops require a low amount of
Mo, the peanut may have its production compromised
by Mo deficiency when cultivated in acidic soils,
because in this condition (low pH) there is a significant
reduction of the availability of the nutrient to the
plants. Mo is essential for the reduction of nitrate and
N can be absorbed by the plants, since it is part of
the reductase enzyme. In legumes, such as peanut,
this element has also played an important role in the
fixation of the atmospheric N by the rhizobium, once
it is a component of the nitrogenase enzyme complex
(Malavolta et al., 1997). Although, its application has
been recommended for some crops, for peanut the
research results have been controversial. Zheng et
al. (2011), in China, and Cruciol et al. (2019), verified
an increase in productivity with the application of
Mo. However, Caires e Rosolem (1995) and Silva
et al. (2009) did not observe positive effects in pod
productivity and peanut grains with the application of
molybdenum fertilization in production components.

The supply of Mo can be delivered by seed
coating, foliar application or soil application. This
last modality of application has not been successful,
because this nutrient is able to react with the mineral
constituents and organics of the soil, becoming
unavailable to the plants. The application via seeds is
possible, since a low rate of Mo is applied and has been
usually recommended by the fact that this practice is
more economic. Nevertheless, according to Albino and
Campo (2001), the application of Mo to the seed with

inoculant should be avoided once it can reduce the
number of Bradyrhizobium cells, nodulation and the N
biological fixation efficiency.

When adopting foliar fertilization not only the
dose to be applied is important, but also the time in
which the application is performed. However, few
are the studies about molybdenum fertilization in
the peanut crop, and even less are concerned about
foliar fertilization.

Therefore, the objective of this study was to
evaluate how Mo foliar application in two different
sowing times, rates and phonologic stadium of the
crop, affects the agronomic characteristics of two
peanut cultivars.

MATERIAL AND METHODS

The experiment was performed at Selviria, Mato
Grosso do Sul, Brazil (20°22’ S, 51°22' W, 335 m asl).
The soil from this location is a Typic Acrustox (USDA
SOIL TAXONOMY, 2014). Climate from the region is a
typical AW, defined as humid tropical with rainy season
during summer and dry during winter, according to
the Kdeppen classification, presenting temperature,
precipitation and moisture annual average of 24,5°C,
1370 mm e 64,8%, respectively.

Prior to experiment installation, a chemical
analysis of the soil was performed in the layer of 0-0.2
m depth, following the methodology described be Raij
et al. (2001), and this presented the following values:
28 mgdm?de P :15gdm*de OM; pH (CaCl ) 4.9;
0.16; 1.8; 0.7; 3.8; 0.1 and 6.5 cmolc dm* of K, Ca, Mg,
H+Al, Al e CTC, respectively, and V = 42%.

Soil preparation was performed conventionally,
preceding each sowing. The sowing was executed
manually and fertilization utilized in the seeding
furrow was 150 kg ha' of 08-28-16, based on the
recommendation of Quaggio and Godoy (1997).

The experimental design utilized was in
casualized blocks with four replicates, where treatments
were disposed in a factorial scheme 2 x 2 x 6 x 2, being
two varieties, two sowing times, six Mo doses and two
application times. The plots were constituting of four
rows of 5 m long. Considered as useful area the two
central rows with 3 m long. For both varieties, it was
utilized a space row of 0.9 m.

The Mo doses were 0, 50, 100, 200, 400 and
800 g ha', applied by foliar pulverization, having as
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source a product that presented 15% of Mo and density
of 1.32 g cm?. The application was executed with the
assistance of a backpack sprayer, calibrated to applied
200 L ha-1. Pulverization was realized at the beginning
of blooming (seven days after the start of blooming) and
at the beginning of the grain formation (when the first
formed pods-initiated grain formation).

The cultural practices were carried out
according to the standard recommendation for the
crop, and during the second growing season (sowing
in March) it was adopted supplemental irrigation by
center pivot.

At harvest time, five plants were collected
inside the useful area of each plot and performed the
following evaluation: number of pods per plant, number
of grains per pod, weight of 1000 grains (originated
from two samples of 100 grains), grain yield (relation
between weight of pods and grains obtained from the
sampled plants).

The plants lasting in each plot were harvested
in order to estimate pod production. At this point it was
also realized grain sampling to determine the protein,
lipid e Mo content in the grains. The protein content
was determined according to Malavolta et al. (1997)
multiplying the N content by the factor 6.25 (A.O.A.C.,

1970). The lipid content was determined in the same
sampl by extracting with hot organic solvents (hexane),
utilizing the extractor soxhlet during eight hours, as
recommended by A.O.C.S. (1972). The concentration of
Mo was determined also in the same sample according
to Malavolta et al. (1997).

The data were submitted to a variance analysis
by the F test (a = 0.05), adopting the comparison of
means by Tukey test (a = 0.05) by sowing time effect,
cultivars and Mo application time and analysis of
regression for the Mo rate effect.

RESULTS AND DISCUSSION

It was observed that during the first growing
season (sowing in November) the daily average
temperature was, mainly, between 25 - 300C (Figure
1). At this time precipitation was well distributed until
blooming of the cultivar IAC 886 and beginning of
grain filling stage of cultivar IAC Tatu. Posteriorly,
rainfall occurrence was rare. At the second growing
season (sowing in March), the crop was irrigated
as rainfall during the whole period did not supply
the crop’s necessity. Also, during second crop, daily
average temperature was lower than in the first
growing season.

Figure 1. Rainfall, average temperature and activities performed during the experiment for first and second peanut

growing season.
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In figure 2 can be observed that both cultivars
presented the highest number of pods per plant when
sowed in November and, independently of the sowing
time, cultivar IAC 886 produced a higher number of
pods compared to IAC Tatu (F(Cumvarxﬁme) = 31.65"). The
cultivar IAC 886 possess development of grounders
stems (group Virginia), and cultivar IAC Tatu possess
an erect bearing (group Valencia). In fact, the cultivars

belonging to group Virginia produce more gynophore
and have more grounders ramifications, promoting a
broader contact with gynophore-soil, reducing energetic
demand and allowing a prompt development, leading to
a larger viability in pod formation (Nogueira and Tavora,
2005). The largest pod number observed in plants sowed
in November was, probably, due to the better climatic
conditions for the crop during summer (Figure 1).

Figure 2. Pods per plant, grains per pod, weight of 100 grains and pods production of two peanut cultivars (IAC 886
and IAC Tatu) sown in November and March. (lowercase letters indicate differences between cultivars within each
sowing date and uppercase differences between the sowing time for each cultivar by Tukey test at 5%).
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It was also observed, that the cultivar IAC Tatu
presented pods with a higher grain number than IAC
886 at the November sowing date (Figure 2). However,
when sowed in March, both cultivars presented similar
number of grains per pod (F(Cumvarxnme) = 29.85"). This
variable is mainly conditioned by genetic characteristics
and the larger number of grains per pod is typical of
the Valencia group. Nonetheless, the lower number of
grains per pod of IAC Tatu when sowed in March, is
probably related to unfavorable climatic conditions that
can lead to grain abortion (Smith, 1956).
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The cultivar IAC 886 presented higher
grain yield than IAC Tatu in November’s sowing,
as well as in March’s sowing (F(cultivarxtime) = 8.91%).
November sowing for IAC 886 promoted heavier
grains compared to the March sowing. The same did
not occur with the cultivar IAC Tatu, that presented
similar grain yield for both seasons (Figure 2).
In peanut crops, when drought period matches
grain filling, the ratio grain weight per pod can be
affected (RAO et al., 1985). A drought period can
alter grain composition, diminishing its volume and
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mass, by reducing the intake of Ca and other non-
mobile nutrients in phloem (Ross and Kvien, 1989)
and also the flux of mobile nutrients into the grains
(Conkerton et al., 1989).

Also, in Figure 2, it was noticed that pod yield
was different between cultivars only for November
sowing, with the cultivar IAC 886 being the most
productive. However, both cultivars were more
productive when sown during rainy season (November)
(F cutvarx ey = 17-99™). The decrease of productivity of
cultivar IAC 886 in sowing time is worth mentioning.
This cultivar presents a higher production potential
but it also showed itself more susceptive to adverse
conditions of cultivation.

On Figure 3 it was noticed that cultivar IAC
886 also presented higher grain yield compared to
IAC Tatu (F = 36.10**) and that sowing in November
provided a grain yield per mass of pods ratio more
favorable when compared to the March sowing (F =
72.87*).

Figure 3. Grain yield of two peanut cultivars (IAC
886 and IAC Tatu) sown in November and March.
(Different letters indicate difference by Tukey test at
5%).
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The highest number of pods per plants
associated to the highest mass of 100 grains were
responsible by the highest yield of pods of cultivar
IAC 886 compared to the IAC Tatu, observed at the
November sowing. The decrease of productivity of
this cultivar when sown in March is mostly due to the
reduction of the number of pods per plants. As for

the cultivar IAC Tatu, the reductions of the number
of pods per plants and the number of grains per
pods were, both, decisive, and decay of productivity
was observed between sowing time. Reductions in
production components with a consequent decrease
of peanut productivity and grain yield (due to the
postponement of sowing time, getting closer to drier
periods and less luminosity and temperature), were
also observed by Peixoto et al. (2008), Crusciol et
al. (2000) and Kasai et al. (1999).

In areas with low latitude such as tropical
ones, the temperature does not preclude peanut
cropping. According to Richardt (1987), it is possible
to have a good development of the peanut, as long
the average temperature is in range of 22 and 20°C.
However, even in those regions, sowing time during
lower temperatures might extend the vegetative
phase, postponing the floral induction and maturation
(NOGUEIRA and TAVORA, 2005), reflecting on yield.
Crusciol et al. (2000) verified that, even in the dry
season cultivation, late sowing causes an increase in
the number of days until peanut blooming. Nakagawa
et al. (1986) also observed a longer cycle for peanut
crops cultivated on dry season compared to the ones
cultivated in the rainy season.

Likewise, despite the length of the day
not influencing blooming in peanut (GILLIER and
SILVESTRE, 1970), under optimum temperature
conditions the reduction of the length of the day
during blooming, as in late sowing, might cause
a reduction in the number of flowers. What,
apparently, is related to a higher or lower production
of assimilated nutrients that the plants utilize for
its growth and differentiation (NOGUEIRA and
TAVORA, 2005).

Regarding the protein and lipid contents of
the grains, it was observed that there was difference
(Foroen = 33,117 5 F = 109,10™) between the
cultivars (Figure 4). The cultivar IAC Tatu presented
the highest protein and lipid contents. According to
Silva et al. (2012), the protein content of the peanut
grainsis variable between cultivars and also according
to the growing conditions. Nevertheless, the protein
and lipids contents (Figure 4) was not influenced
by sowing time (F_ ., = 1,23NS ; F = 0,98NS) as
well as the application time (F . =1,72NS ; F,_ .=

pro lipid -

0,25NS) and Mo rates (Figure 5).
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Figure 4. Protein, lipid and Mo content in peanut
grains due to cultivars, sowing time and Mo application
time. (Different letters indicate difference by Tukey test
at 5%).
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Figure 5. Molybdenum, protein and lipid content in
peanut grains due to Mo rates.
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The Mo content of the grains (Figure 4) was not
influenced by the cultivars (F = 1,14NS), by sowing time (F
=0,80NS)and by the time of supply of the micronutrient (F =
0,18NS). However, it was verified a difference for Mo rates
(F = 8.74*) and a linear increase as rates were increased
(Figure 5). Apparently, a major part of Mo absorbed by the
peanut plants is destined to the grains, as observed by Du
etal. (1999). As in for soybean, it is estimated that around
67% of the Mo is in the legume by the end of the crop’s
cycle. This result is important since the foliar application
of Mo is effective in order to enrich the seeds with this
nutrient and that enriched seeds are capable of providing
conditions to higher yields, as observed by Campo et al.
(2009) with soybean.

As for Mo application it was noticed, on Table
1, that Mo rates as well as the time of application of
this micronutrient did not influence yield components.
These results disagree with the observed by Zheng
et al. (2011) in China that, sowing peanut in spring
and summer, verified that the foliar application of Mo
contributed to increase the number of pods per plants
and peanut yield sown in spring. Likewise, Crusciol
et al. (2019) found that the Mo foliar application in
the peanut crop (cv. IAC 886), in pre-blooming, also
increased the number of pods per plant and the yield.
According to these authors, the low pH and available
Mo content (0.003 mg kg™) of the soil, due to the use
of the area for 20 consecutive years for grazing without
adequate management, are the factors responsible
for the positive effects of Mo application. However, by
times, even though utilizing acid soils, there were no
shown responses to Mo applications. In this case, the



Ciéncia Agricola, Rio Largo, v. 18, n. 2, p. 27-34, 2020 33

Mo available in the soil allied to the restrained in the
seeds were sufficient to supply the crop’s necessity for

this micronutrient, as observed by Caires e Rosolem
(1995) and Silva et al. (2009).

Table 1. Pods per plant, grains per pod, grain yield, weight of 100 grains and pod yield due to foliar Mo application.

- Pods per Grains per Glrain Weight'of F.>Od
Cause of variation olant pod y(tzl;i 100(gr)a|ns : lzl;/e'I]c; )
Application time
Blooming 14.2 1.6 63.3 36.2 1507
Pod formation 14.5 1.6 62.9 36.5 1395
Mo rates (g ha™)
0 14.3 1.5 59.5 345 1487
50 13.6 1.6 64.1 35.8 1484
100 15.2 1.6 63.5 37.3 1351
200 13.3 1.5 63.7 36.3 1424
400 14.5 1.7 64.7 38.6 1557
800 15.2 1.7 63.1 35.8 1402
F test
Application time 0.20M 0.25" 0.05" 0.063" 221
Mo rates 0.60" 1.31% 0.99" 0.81M 0.62"s
Regressions (Mo rates)
Linear 0.74Ms 2.88" 047" 0.18" 0.02%
Quadratic 0.23% 0.60N 2,13\ 2.8 0.35"
CV% 39.6 234 16.5 244 36.1

NS = non-significant.

In general, it was observed in the present
study that the November sowing provided higher yields
for both cultivars (IAC 886 and IAC Tatu) and when
sown in November, IAC 886 presented superior yield
compared to |IAC Tatu. However, when sown in March,
both cultivars presented similar yields. Furthermore, the
application of Mo, at the beginning of blooming or pod
formation, did not alter the agronomic characteristics
and protein and lipid content of peanut grains but there
was a positive relation amongst Mo grain content and
Mo rates applied via foliar.
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