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Introduction:

In Argentina, soybean production continues to improve year by year. Better varieties, biotechnology with
increasing diversity in insect and herbicide tolerance, and highly efficient mechanization characterize current
production systems.
One aspect that could provide a remarkable boost in yields is the optimization of fertilization. Chronic
phosphorus deficiencies, soil acidification, and moderate deficiencies of several elements—often overlooked—
limit full yield expression. New inputs have also been incorporated, occupying an intermediate space between
nutrition and physiology. A possible mitigation measure for adverse effects caused by biotic agents (diseases,
insects) or abiotic factors (herbicides, environmental stress) is the use of biostimulants.
The term biostimulant refers to a functional grouping rather than a biochemical one. It includes molecules with
very diverse characteristics, yet all of them stimulate plant growth and help the crop overcome stages of
restriction. Their effectiveness depends on the crop’s growth stage, its growth rate, external stimuli, and the
plant tissue reached by the application. The most common components of biostimulants are plant growth
hormones—auxins, gibberellins, and cytokinins—which promote root, shoot, and reproductive growth,
respectively. Other molecules often included in this category are amino acids, chitosans, vitamins, and
enzymes.
The positive effect of biostimulants on growth can be complemented and enhanced by the addition of
nutrients. In particular, foliar application is especially suitable for supplying micronutrients. Since crops require
micronutrients in small amounts, the quantity delivered through a foliar spray may be sufficient to cover their
demand.
The objective of this study was to evaluate fertilization systems that combine soil-applied treatments with
foliar applications. We hypothesized that:

1.Intensified nutrition systems—including new technologies—optimize crop growth and yield; and

2.1t is possible to identify combinations with superior agronomic performance.
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Materials and Methods

During the 2021/22 growing season, a field experiment The previous crop was soybean.

was conducted to evaluate integrated nutrition

strategies. The trial was established at INTA Pergamino Throughout the crop cycle, herbicides, insecticides,
Experimental Station, on a Pergamino Series soil, Typic and fungicides were applied to prevent weed
Argiudoll, mixed, loamy, thermic, Class |-2, PI = 85. presence, velvetbean caterpillar, stink bugs, and foliar
Sowing took place on November 11, using the variety diseases. Experimental plots were kept completely
DM 46120 RR STS, with 0.40 m row spacing. free of these biotic stresses.

ok

Photograph 1: G

eneral view of the experiment at growth stage R4.
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Photograph 2: View of the experiment at INTA Pergamino. The arc indicates the front of the experiment reported in this
document. 2021/22 growing season.

Photograph 3: Aerial view of the soybean nutrition experiments at INTA Pergamino. The arc indicates the experiment.final del
2021/22 growing season.
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The experimental design corresponded to a randomized complete block design with four replications.
Details of the evaluated treatments are described in Table 1. The soil analysis is presented in Table 2.

Table 1: Soil and foliar fertilization treatments in soybean, INTA Pergamino. 2021/22 growing season.

Treatment

Planting treatment

Foliar
treatments at

Foliar
treatments at

Table 2: Soil analysis at planting time, average of four replications. Pergamino,

2021/22 growing season.

Depth pH N Available
total phosphorus
water 1:2,5 % mg kg-1
Pares i 55 3,36 0,168 73
0-20
Foliar applications were carried out using an

electric, constant-pressure backpack sprayer.

The equipment was fitted with a 200-cm boom
with four nozzles spaced 50 cm apart and hollow-
cone 80015 tips which, at a pressure of 3 kg, allow
spraying at 100 L ha-'. Application details are
presented in the Appendix (Tables 5 and 6).
Treatments were applied together with a chemical
fungicide.

Biomass accumulation was measured at R4. At the
same stage, NDVI was determined using a
GreenSeeker sensor, and canopy cover was
assessed through digital image processing with
specialized software. Nitrogen content was
estimated with a Minolta SPAD-502 chlorophyll
meter, and crop vigor was rated based on the
overall condition of the plot, uniformity, and health
status. Harvest was performed with an
experimental self-propelled combine on April 19.
From a harvest subsample, yield components were
determined: number of nodes, pods, grain number
(GN), and grain weight (GW). Results were
analyzed by analysis of variance, mean
comparisons, and regression analysis.

Calcium Magnesium Potassium S- Zn
Sulfates
mg kg-1

mg kg-1 mg kg-1

mg kg-1
469 8,5

pPmM
1332 212

HIGH VERY HIGH

Results and Discussion

0,65

VERY LOW

HIGH

Environmental conditions during the season

Figure 1 shows rainfall recorded at the experimental site,
compared with historical values and the last three
growing seasons. Summer rainfall was scarce, especially
until mid-January. Two periods of severe drought were
observed: one in December-January and a second from
late January to mid-February. In the second half of
summer, rainfall totals exceeded the historical average
(Figure 1). In addition, temperatures reached very high
levels in the region (Figure 3).

This situation caused a reduction in soil water reserves
during pod formation (Figure 2). However, rainfall
recovered during grain filling (Figures 1 and 2). This
reversal in precipitation proved to be key for final yields.
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Figure 1. Ten-day rainfall totals for the 2021-22 growing cycle compared with the two previous seasons and the historical
average. Soybean, INTA Pergamino Experimental Station. Initial available water (150 cm): 130 mm. Total rainfall during the cycle:
645.5 mm.
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Figure 2. Evolution of soil water availability in a soybean crop during the 2021/22 season. Soil water storage was limited from
the beginning, reaching values close to the permanent wilting point (PWP) in early January. Prepared by the Agricultural Risk
Office (ORA) based on data from INTA Pergamino.
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Figure 3. Decadal temperatures during the 2021/22 cycle compared with the historical values (1967-2021). The mean maximum
temperature was 0.6 °C higher than the historical average, and the mean minimum temperature was 0.2 °C lower, resulting in a
greater thermal amplitude. Data from INTA Pergamino Experimental Station.

Experimental results
Table 3 presents grain yield, its components, and other variables measured throughout the crop cycle. Finally,
Figure 4 illustrates the yields, including standard deviations and statistical significance.

Table 3. Dry matter at R4, plant height (cm), leaf N content estimated by SPAD, NDVI by GreenSeeker, canopy cover and light
interception, vigor rating, number of nodes and pods, grain yield, yield components, and response relative to the control. Soil
and foliar fertilization treatments in soybean. Pergamino, 2021/22 season.

Treatments Dry matter Plant Spad Green Interception Vigor
R4 (kg height Seeker R4 (%)




% KIOSHI STONE www.kioshistone.com

Treatments Nodes Pods Yield (kg NG 2{c} Difference
plant-' plant-' ha-") vs. T1 (kg
ha-")

R4 (full pod) according to the Fehr and Caviness scale, 1974. Vigor Index: Scale from 1 (minimum) to 5 (maximum).

Evaluates plant health, plant size, and plot uniformity.

Interception: Evaluated as the percentage of maximum incident radiation.

7000

6.069
6500 5985
5.766 a A 5727

6000 2 a
5198
b

'

5500
5000
4500
4000

3500
3000

2500

Yield (kg/ha)

2000
1500

1000

Mist BLC Mist BLC + Mist B

Mist B Mist BLC Mist BLC

Control

(SPT70 + SPS30) 100

Fertilization treatments

Figure 4. Grain yield according to soil and foliar nutrition treatments. Different letters above the columns represent significant

differences among treatments (LSD a = 0.05, LSD = 510.8 kg ha-"). Error bars indicate the standard deviation of the mean. INTA
EEA Pergamino, 2021/22 growing season.
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Discussion and Conclusions

Rainfall during the 2021/22 summer season was scarce,
although a period of moisture recovery occurred during
pod formation and grain filling, in late February and
March. This allowed for strong compensation in the yield
components defined later in the cycle, such as pods per
node, grains per pod, and grain weight.

The average yield of the experiment was very high,
reaching 5,749 kg ha-'. The variety’s potential, the flat
topography, and timely rainfall events explain the yield
obtained (Table 3 and Figure 4).

Statistically significant yield differences were detected
(P = 0.02; CV = 57%) (Table 3 and Figure 4). The
response ranged from 547.6 to 889.6 kg ha-' (Table 3),
with increases of 218.9 kg ha~' (T4) and 303.8 kg ha"'
(T3) attributable to foliar applications. The greatest
impact corresponded to the early application of boron
(T3), an essential element that may have been in limited
availability due to the low soil organic matter content.

APPENDIX: APPLICATION CONDITIONS
APPENDIX: APPLICATION CONDITIONS

Table 5. Crop status at the time of application.

Application
timing

Application
date

www.kioshistone.com

Several variables reflected treatment effects. Most
notable were the effects on biomass accumulation,
radiation interception, vigor, number of nodes per
plant, and grains per plant. The variables most
strongly associated with yield were biomass at R4 (r?
= 0.74), radiation interception (r? = 0.67), vigor rating
(r? = 0.68), nodes per plant (r? = 0.82), and grains per
plant (r?> = 0.93).

The results of this study support the proposed
hypotheses. A clear and significant effect of base
fertilization was determined. Foliar treatments
complemented the fertilization strategy. The
application of B at V5 showed the best performance.
An early treatment likely encountered permeable
membranes for absorption, all yield components yet
to be defined, and prepared the plant for the high
temperatures and environmental stress that it would
face.

Plant height (cm) Canopy cover (%)

Table 6. Environmental conditions during application.
Soil Air
moisture
(3-18 cm)

Application
timing
°C)

temperature

Wind
speed
(km h-")

Relative Cloudiness
humidity

(%)

Precipita
tion 24 h
[EE}

Cloudiness scale: O completely clear, 9 completely overcast.

S: dry. SH: moderately dry. H: wet.
daa: days after application.

Literature cited:

« Albrecht, L. P., Albrecht, A. J. P., Braccini, A. L., Lorenzetti, J. B., Danilussi, M. T. Y., & Avila, M. R. (2020). Avaliacdo
econdmica e financeira do uso de biorregulador em soja. Revista em Agronegdcio e Meio Ambiente, 13(2), 487-
504. « Boero, L., Calcha, J., Martins, L., Marzetti, M., & Bosco, C. (2019). Evaluacion de la respuesta productiva en el
cultivo de soja de la utilizacidon de fertilizantes foliares y fitorreguladores en la localidad de Galvez, Santa Fe.
Campana 2018-2019. Informacidn técnica de cultivos de verano, 36. « Comiran, A. G., Pereira, C. S., Fiorini, I. V. A,,
Galdino, P. L. F., Moraga, F. G.,, & Silva, A. A. (2020). Modes of application with Cobalt and Molybdenum
fertilizations in different stages of soybean development and yield of soybean. Scientific Electronic Archives, 13(3),
31-37.



% KIOSHI STONE www.kioshistone.com

« Conceicdo, G. M., Cunha, V. D. S, Fipke, G. M., Bruning, L. A., Rossato, A. D. C., & Martin, T. N. (2020). Mineral
supplementation of soybean seeds with different initial nutrient levels. Acta Scientiarum. Agronomy, 42. «
Cortese, D., Pierozan Junior, C., Walter, J. B., Cortese, D., & Oliveira, S. M. D. (2019). Enrichment, quality, and
productivity of soybean seeds with cobalt and molybdenum applications. Journal of Seed Science, 41(2), 144-
150. « de Morais, T. B., Menegaes, J. F., Sanchotene, D., Dorneles, S. B., Melo, A. A., & Swarowsky, A. (2022).
Biostimulants Increase Soybean Productivity in the Absence and Presence of Water Deficit in Southern Brazil.
Journal of Agricultural Science, 14(3). « do Rosdario Rosa, V., Dos Santos, A. L. F., da Silva, A. A., Sab, M. P. V.,
Germino, G. H., Cardoso, F. B., & de Almeida Silva, M. (2021). Increased soybean tolerance to water deficiency
through biostimulant based on fulvic acids and Ascophyllum nodosum (L.) seaweed extract. Plant Physiology
and Biochemistry, 158, 228-243. « dos Santos, L. P., Barbacena, D. R,, Gongalves, R. C., NASCIMENTO, C. A. C., de
Castro Carvalho, F. L., Franga, L. C.,, & Adorian, G. C. (2020). Aplicacdo de bioestimulante e complexo de
nutrientes no tratamento de sementes de soja. Agri-environmental sciences, 6, 8-8. ¢ Ferrazza, F. L. F.,
Jacoboski, D. T. K., Figueiro, A. G., Borges, G. T., Udich, A., Samborski, T., & Paraginski, R. T. (2020). Efeitos do
tratamento de sementes com micronutrientes em soja de alto e baixo vigor/Effects of treatment of
micronutrient seeds in high and low-effect soybean. Brazilian Journal of Animal and Environmental Research,
3(1), 218-224. « Ferreira, L. L., Amaral, U,, Turati, G. L., Carvalho, I. R,, Silva, R. V., Santos, N. S. C,, ... & Curvélo, C.
R. S. (2022). Agronomic performance of soybean genotypes supplemented with micronutrients via leaf.
Agronomy Science and Biotechnology, 8, 1-14. « Furtado, E. B., da Rosa Dorneles, K., & Dallagnol, L. J. (2020).
Acé&o curativa e protetora de compostos organicos e inorganicos no controle de Microsphaera diffusa em soja.
Revista de Ciéncias Agroveterinarias, 19(1), 104-108. « Galdino, P. L. G., Pereira, C. S., Fiorini, I. V. A,, Moraga, F.
G., Comiran, A. G., & Silva, A. A. (2020). Cobalt and Molybdenum applicated via leaf in the growth vegetative
and yield of soybean. Scientific Electronic Archives, 13(4), 51-59. « Hanwate, G. R,, Giri, S. N., & Narale, S. (2019).
Effect of seed fortification with Mo and foliar application of micronutrients on nutrient uptake by soybean crop.
Journal of Pharmacognosy and Phytochemistry, 8(1), 1626-1629. « Klein, C., Ferraz, A., Davi, A. L., & Kafer, J.
(2019). Severidade de oidio e ferrugem asiadtica da soja submetida a fosfito de cobre. Seminario de Iniciacdo
Cientifica, Seminario Integrado de Ensino, Pesquisa e Extensdo e Mostra Universitaria, €21602-e21602. « Llanes,
A., Iparraguirre, J., Masciarelli, O., Maria, N., & Luna, M. V. (2019). Foliar application of phytohormones enhances
growth of maize and soybean seedlings. Ediciones INTA. ¢« Meyer, F. R, ORIOLI, V., Bernardes, J. V. S, &
COELHO, V. P. D. M. (2021). FOLIAR SPRAYING OF A SEAWEED-BASED BIOSTIMULANT IN SOYBEAN. Revista
Caatinga, 34, 99-107. « Passos, M. L. V., Souza, J. B. C,, Silva, E. A, Silva, C. A. A. C, Sousa, W. S., & Almeida, E. I.
B. (2020). Digital processing of leaf area of soybeans, subjected to different treatments of seeds. Scientific
Electronic Archives, 13(3), 24-30. * Rosa, C. P.,, Kunz, D. W, Leite, J. F., Back, P. I. K., Grellmann, D. K., & Guerra,
D. (2019, May). Produtividade da soja conduzida com produtos alternativos no controle de pragas e doencas. In
IX SIEPEX-IX Saldo Integrado de Ensino, Pesquisa e Extensdo. * Segovia, S. (2021). Creating a blue ocean
strategy for a biostimulants company. Doctoral dissertation. Kansas State University. https://krex.k-
state.edu/dspace/. » Traspadini, E. |, Wadt, P. G., PRADO, R. D. M., ROQUE, C., WASSOLOWSKI, C., & PEREZ, D.
(2022). Efficiency of critical level and compositional nutrient diagnosis methods to evaluate boron nutritional
status in soybean. Embrapa report. « Treter, R. J., Carvalho, I. R.,, Hutra, D. J., Loro, M. V., Cavinatto, M.,
Lautenchleger, F., & Sfalcin, I. C. (2022). Symptoms and interrelationships of macro and micronutrients available
for soybean. Agronomy Science and Biotechnology, 8, 1-15. * Veneziano, V. M., Rodrigues, C. R., Soffiatti, J. M.,
Araujo Neto, F. R. D., Alves, G. B., Dias, P. D. C,, ... & Trindade, P. R. (2022). Is foliar fertilization essential for high
soybean yields?. Journal of Plant Nutrition, 45(9), 1322-1335. « Wozniak, E., Blaszczak, A., Wiatrak, P., & Canady,
M. (2020). Biostimulant Mode of Action: Impact of Biostimulant on Whole-Plant Level. The Chemical Biology of
Plant Biostimulants.



¢

KIOSHI

— STONE —

Administrative office and sales department:
Centenario Uruguayo 957 Lanus Este,
Provincia de Buenos Aires

Production Plant:
Parque Industrial Benito Juarez.

Phone numbers:
(+54) (11) 4230.2507
(+54) (11) 4058.3319

www.kioshistone.com



