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Abstract

The efficiency of fungal solutions, without wheat in organic systems, can be improved with the use of adjuvants.
The objective of this study was to evaluate the dispersion of fungal droplets of organic fungicides with adjuvants
in wheat leaves and disease control efficiency. The experimental design used was the completely randomized
design in factorial scheme 2 x 3, with 6 repetitions. The first factor corresponded to fungal solutions bordeaux
syrup (200 g L) and lime sulfur syrup (200 g L") and second factor to the adjuvants: mineral oil and vegetable
0il (0.5% v v') and one Witness without application.. On the adaxial side, the use of the mineral oil provided
scatter of drop 111.8 and 25.7% higher, to the grouts without adjuvants and vegetable oil, respectively. The
greater spreading of the droplets on the two foliar faces and a lower incidence of the diseases with the product of
the lime sulfur syrup + mineral oil. The use of the adjuvants in the syrups evaluated with positive results in the
production components, standing out the mineral oil.
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1. Introduction

The wheat (Triticum aestivum L.) stands out as the second most produced cereal in the world. In Brazil,
approximately 90% of the planted area is located in the south region, with the state of Parana being the largest
producer with more than 3 million tons (CONAB, 2017).

However, a wheat crop as a winter crop is characterized by being susceptible to the occurrence of fungal diseases
that cause losses in yield of up to 42% (Oliveira et al., 2013). Among the main fungal diseases, the leaf rust
(Puccinia triticina) as well as the leaf spot (Drechslera tritici-repentis) (Lenz, Costa, Coradini, Dressler, &
Mellho, 2011).

The control of wheat diseases must adopt integrated practices such as, sowing at the appropriate time, use of
resistant cultivars as well as the application of fungicides chemical control) (Tormen et al., 2013). However,
chemical control has been the main method used in the management of diseases in wheat (Souza et al., 2014).

Due to the growing concern with poisoning due to the use of agrochemicals, the growing demand for healthier
foods and the need to reduce production costs, the use of natural pesticides such as bordeaux syrup and lime
sulfur syrup has been advocated.

The results observed with the use of natural syrups have provided yields ranging from 86.7 to 93.3% over the
conventional system and control efficacy control greater than 60% depending on the culture (Rodrigues, Nakada,
Silva, Dantas, & Santos, 2006; Carvalho, Wanderley, & Oliveira, 2010).

However, the scientific studies that evaluate the use, the efficiency and the control the fungal diseases of syrups
in the wheat crop are rare. And when it is intended to combine the organic syrups with spreading oils, no
information was found in the literature.

The addition of oils to the spraying syrup may improve the product activity or application characteristics,
because the oils favor the scattering of the syrups, reducing the surface tension, providing greater wetting of the
leaf surfaces (Aguiar-Junior et al., 2011; Silva-Matte et al., 2014). In this way, it can raise an absorption of the
syrups, with the possibility of reducing the use of pesticides, becoming economically viable.
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Therefore, the hypotheses were based on the premise that the use of adjuvants with organic fungicides of contact
can improve the spreading of the drop on the leaf surface of wheat and consequently the efficiency of control.
The objective of this work is to evaluate the spreading of organic fungicide syrup droplets with adjuvants in
wheat leaves and in all diseases control.

2. Material and Methods

The experiment was conducted in pots, maintained in field condition. The climate of the region, according to a
classification of Kdppen, presents with rains well distributed during the year, hot summers, winters with frost
infrequent, with precipitation and average annual temperature of 1,500 mm and 21.4 °C respectively.

The experimental design used was the completely randomized design in factorial scheme 2 x 3, with 6
repetitions. The first factor corresponded to fungal solutions bordeaux syrup (200 g L") and lime sulfur syrup
(200 g L") and second factor corresponded to treatments with and without the addition of vegetable oil (Natur'l
oil) and mineral oil (Nimbus®) a 0.5% v v"' of the product.

The soil used as substrate was classified as Red Eutrophic Latossolo (clay texture) (SANTOS et al., 2013), with
the following chemical characteristics: pH = 5.26 (CaCly); 3.24 cmol, dm?™ H + Al; 4.37 cmol, dm™ Ca®"; 1.56
cmol, dm™ Mg2+; 0.35 cmol, dm> K*; 4.82 mg dm? of P; 10.25 g dm? of MO; SB of 6.28 ¢cmol, dm>; CTC of
9.52 cmol, dm™ and V of 65.97%.

The wheat (Triticum aestivum L.) cultivar CD 150, seeded in pots of 12 dm™ was used. At 14 days after the
germination (DAG) of the wheat was planned for the standardization of the density of 4 plants vaso™.

The application of the fungicides in the plants was carried out twice, with interval of 15 days. The first
application was at 60 days after sowing (DAS), the second at 75 DAS at grain filling.

The spraying of the fungicides was realized with the aid of a CO, pressurized costal sprayer equipped with bar
placed to 50 c¢m tall in relation to plants, provided with four flat jet tips (Model Magno ADGA 11002), spaced 50
cm apart each other, with a constant pressure of 2.2 kgf cm? and a syrup volume equivalent to 200 L ha™.

The first application was performed between 17 h and 17 h 30 min, and the climatic condition at the time of
application was average temperature of 23.2 °C, one relative humidity —one of 65% and wind 4.3 km h . The
second application it was performed between 16 h and 17 h 15 min, with an average temperature of 22.7 °C, and
humidity relative to the 58% and wind 3.7 km h™.

For the determination of the surface tension of the solutions, it was used a methodology adapted from Teixeira
Neto, Malta, and Santos (2009), being the set of 8 drops of each solution evaluated as a repetition. During the
experiment the laboratory ambient temperature was 18+8 °C and relative humidity between 60%, monitored
every hour with the aid of the thermometer, model MTH-1362W (Minipa).

Before the first application, it was verified the scattering of the drop (cm2) in the foliar faces: abaxial and adaxial
of the leaves of wheat. The first undiluted expanded sheet below the flag sheet was removed for evaluation.

An adhesive tape was used to attach the wheat leaves to a white acrylic plate of A4 size. Subsequently, with the
help of a micropipette, calibrated to a volume of 12 uL, drops of the solutions were applied to the foliar faces.
Immediately after drop deposition, the leaves were photographed with the aid of a digital camera (Samsung®
HD ST77 with 16.1 mega pixels). For image analysis, was used Quant V 1.0 software (Vale, Fernandes Filho, &
Liberato, 2003).

At 7, 14 and 21 days after application of the treatments were evaluated the incidence of rust and incidence of leaf
smudge based on the methodology adapted from Souza et al. (2014). After the harvest, the dry mass of the plants
(g), the number of seeds per spike (no spike™). To determine the mass of thousand grains (g), the humidity was
corrected to 13%.

The data were submitted to analysis of variance, and the averages were compared by Tukey test (p < 0.05), using
SISVAR software (Ferreira, 2011).

3. Results and Discussion

The results observed in the analysis of variance show a significant interaction between the fungicide solutions
(bordeaux syrup and lime sulfur syrup) and the treatments (without and with mineral and vegetable oil) for the
surface tension of the drops, incidence of leaf spot, number of grains per spike and mass of one thousand grains
(Table 1).
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The adjuvants provided a reduction in the surface tension of the syrups (Table 2). Mineral oil and vegetable oil
added to the bordeaux mixture reduced surface tension by 45.4% and 31.4%, respectively. On the other hand, the
mineral oil and vegetable oil added to the lime sulfur syrup reduced 46.1 and 34.9%, respectively.

The bordeaux syrup presented lower surface tension, 2% lower than the lime surfer syrup. No statistical
difference was observed for both syrups when mineral oil was added, while vegetable oil was more efficient in
reducing the surface tension when added to the lime surfer syrup.

Table 1. Mean squares of the analysis of variance and coefficient of variation of the variables evaluated in the
experiment

Variables Syrup (S) Adjuvant (A) SxA CV (%)
Surface tension of the drople (mN m'l) 0,0076 N 3426,9628 ** 6,9919 ** 2,26
Spreading of the adaxial surface (cm?) 0,0002 N 0,0668 ** 0,0002 ™ 6,83
Spreading of the abaxial surface (cm?) 0,0008 * 0,0810 ** 0,0007 N8 537
Incidence of rust (%) 54444 %% 19,4445 %% o1 7,72
Incidence of leaf smudge (%) 0,4444 N8 34,6944 ** 3,0277 ** 8,96
Dry mass of the plants (g) 10,7256™ 38,5586 %% 02640 1646
Number of seeds per spike (unit.) 115,9570 ** 521,6641 ** 17,4730 ** 5,09
Mass of thousand grains (g) 29,6661 ** 18,6405 ** 2,0285 ** 1,90

Note. * and ** significant at the level of 5 and 1% probability, respectively. ™ not significant.

Table 1. Medium values of surface tension of bordeaux syrup and lime sulfur syrup with and without mixtures
with mineral and vegetable oil and spreading of the drop (cm?) on the adaxial and abaxial side of wheat leaves

Surface tension (mN m™)

Syrup , . . _ ,
Without adjuvant Mineral oil Vegetable oil Mean
Bordeaux syrup 70,814 Ba 38,686 Ac 48,586 Ab 52,695
Lime sulfur syrup 72,235 Aa 38,956 Ac 46,982 Bb 52,725
Mean 71,525 38,821 47,784
Spreading of the adaxial surface (cm®)
Syrup . . . . .
Without adjuvant Mineral oil Vegetable oil Mean
Bordeaux syrup 0,134 0,275 0,218 0,209 A
Lime sulfur syrup 0,130 0,286 0,228 0,214 A
Mean 0,132 ¢ 0,280 a 0,223 b
Spreading of the abaxial surface (cm?)
Syrup : . . . 4
Without adjuvant Mineral oil Vegetable oil Mean
Bordeaux syrup 0,131 0,291 0,233 0,219 B
Lime sulfur syrup 0,137 0,300 0,249 0,229 A
Mean 0,134 ¢ 0,296 a 0,241 b

Note. Means followed by the same capital letter in the column and lowercase in the row do not differ statistically
from each other by the Tukey’s test at 5% probability.

The reduction of the surface tension of the drops presents great importance in technology of application of
chemical solutions, since it has a direct influence on the spreading of the syrups on the foliar surfaces.

The reduction in studies by Silva-Matte et al. (2014) with adjuvants added to water, it was verified a drop in the
surface tension of the droplet, with a better potential of foliar coverage in the application. Based on the results
obtained in this study, it was observed that the use of mineral oil in the two syrups was efficient for this function.

In the adaxial side, the use of mineral oil provided a drop spread of 111.8 and 25.7% higher in relation to the
syrups without adjuvant and vegetable oil, respectively. There was no statistically significant difference in the
Spreading between the bordeaux syrup and Lime sulfur syrup. Similar behavior was also observed with the use
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of mineral oil in the syrups for the Spreading of the droplet on the abaxial face of the wheat leaves, however, the
Lime sulfur syrup drop droplet spread was 4.6% higher than that of the bordeaux syrup.

In the literature, there are few studies on the use of bordeaux and sulfocaustic syrup mixed with mineral or
vegetable oils. However, the results observed in this study corroborate Mendonga, Raetano, and Mendonga (2007)
which verified lower surface tension in the grouts with mineral oil (30.4 mN m™) when compared to vegetable
0il (32.8 mN m™"). However, the solutions used by these authors were aqueous.

The results observed in this work, for the spreading of the drops on the adaxial and abaxial faces of the leaves
corroborate with the results of the surface tension. For, the smaller tensions in the solutions with addition of the
mineral oil promoted the greater spreading. Similar results were also found by Chechetto et al. (2013) to study
various adjuvants.

The lower incidence of rust in the wheat plants was verified when the mineral oil was used in the syrups (Table
3). However, the lime sulfur syrup provided 7.8% less incidence of rust than the use of the bordeaux syrup.

In order to control the leaf smudge, it was verified that the lime sulfur syrup + the mineral oil was the one that
presented greater efficiency in relation to the other measured treatments.

Although of being restricted in the literature the use of syrups, bordeaux and lime sulfur in the wheat culture,
Carvalho et al. (2010) tested the bordeaux and lime sulfur syrup, with a neutral detergent addition at 0.1% and
they verified efficiency in severity control angular smudge of 75 %. The best results observed by these authors
may be due to the use of syrups preventively, which was not performed for wheat.

Table 2. Means values of incidence of rust and foliage on wheat plants

Incidence of rust (%)

Syrup Without adjuvant ~ Mineral oil Vegetable oil Mean

Bordeaux syrup 11,000 8,500 10,333 9,944 A

Lime sulfur syrup 10,334 7,833 9,333 9,167 B
‘Mean 10,667a  8167¢ 983b
Syrup Incidence of leaf smudge (%)

Without adjuvant ~ Mineral oil Vegetable oil Mean

Bordeaux syrup 9,500 Aa 6,000 Ab 6,833 Ab 7,444

Lime sulfur syrup 8,333 Ba 5,167 Bc 6,500 Ab 6,667
‘Mean 8917 5583 6667

Note. Means followed by the same capital letter in the column and lowercase in the row do not differ statistically
from each other by the Tukey’s test at 5% probability.

The results of the dry mass of the plants corroborate with the results of the incidence of rust and leaf smudge,
less diseases plus dry mass (Table 4). No difference between and addition of mineral or vegetable oil and the
bordeaux and lime sulfur syrups.

The number of grains per spike with the use of oils, mineral and vegetable in mixture with the bordeaux syrup
surpassed the control. However, the use of mineral oil and vegetable oil in the lime sulfur syrup provided 44.1
and 55.2%, respectively, more grains, compared to the control, standing out in production.

There was no difference in the production of grains to the syrup without mixing. However, the lime sulfur
mixture with mineral and vegetable oil surpassed the bordeaux mixture by 10.4 and 17.1%, respectively.

For the mass of a thousand grains the mineral oil was more efficient in the mixtures. However, the largest masses
were verified with the lime sulfur syrup with the oils, mineral and vegetable, with 9.3 and 13.1% more mass of
one thousand grains, respectively, in relation to the control.
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Table 3. Mean values of dry mass, number of grains per spike and mass of one thousand grains of wheat plants

Dry mass of the plants (aerial part) (g)

Fungicides - - - - -
Without adjuvant Mineral oil Vegetable oil Mean
Bordeaux syrup 9,970 12,610 12,991 11,850 A
Lime sulfur syrup 10,730 13,793 14,323 12,948 A
Mean 10,350 b 13,201 a 13,657 a
o Number of seeds per spike (unit.)
Fungicides - - - ; -
Without adjuvant Mineral oil Vegetable oil Mean
Bordeaux syrup 25,298 Ab 34,525 Ba 35,078 Ba 31,634
Lime sulfur syrup 26,466 Ac 38,130 Ab 41,073 Aa 35,223
Mean 25,8825 36,3275 38,0758
. Mass of thousand grains (g)
Fungicides - ; - - .
Without adjuvant Mineral oil Vegetable oil Mean
Bordeaux syrup 23,031 Bc 23,738 Bb 24,855 Ba 23,875
Lime sulfur syrup 23,905 Ac 26,127 Ab 27,040 Aa 25,690
Mean 23,468 24,932 25,947

Note. Means followed by the same capital letter in the column and lowercase in the row do not differ statistically
from each other by the Tukey’s test at 5% probability.

Both syrups were efficient in disease control, which resulted in the reduction of rust and leaf smudge, however, it
is worth stands out the lime sulfur syrup independent of the type of oil used.

Besides that the highest result displayed in the number of grains per spike, mainly with the use of lime sulfur +
vegetable oil, may be due to the sulfur contained in this type of syrup, which provided synergistic interaction.

4. Conclusions

The greater spreading of the droplets on both leaf faces and the lower incidence of the diseases was provided
with the use of lime sulfur syrup + mineral oil.

The use of the adjuvants in the evaluated syrups has positive results in the production components, standing out
the mineral oil.
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