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ABSTRACT

Basalt powder is a soil remineralizer with potential for use in agriculture, which can provide
improvements to root environment, in addition to being a source of nutrients and slow-release
beneficial elements. The cultivation of forage grasses, such as Urochloa Ruziziensis (U.R) can
accelerate the effects of remineralization due to the known effect of these plants on nutrient
cycling. Thus, the aim of this study is to evaluate the residual effect of basalt powder on soil
fertility, yield and grain nutritional quality, in a cropping system involving soybean in
succession with maize, with or without the intercropping of U.R. The experiment was carried
out in randomized blocks in a 4x2 factorial scheme. The evaluated factors consisted of four
different fertilization sources (4) and maize intercropped or not with U.R (2) during the winter
season. The fertilization sources were: 1) Control; i1) Basalt Powder (BP); ii1) MAP + KClI
(monoammonium phosphate + potassium chloride); iv) BP + MAP + KCIl. Soil fertility, yield,
mass of 100 grains, nutritional and mineral composition were analyzed. Data were submitted
to analysis of variance (p<0.05) and means were compared by Tukey's test (p<0.05).
Multivariate analysis by PCA (principal component analysis) was performed for significant
variables. BP demonstrated efficacy in improving soil fertility aftertwo agricultural cycles. The
use of BP increased contents of Ca, Mg, S.B, V%, m% and C.E.C. in the soil. In soybean, the
application of BP increased levels of K, Mg and B, while in maize, Ca, Mg, P and K
concentrations increased significantly after two agricultural cycles. In addition, BP influenced
the content of carotenoids, phenolic compounds and antioxidant activity in maize. BP is an
effective and sustainable soil amendment with considerable potential for soil remineralization
and improvement of the nutritional quality of agricultural crops. However, further studies are
needed to understand the medium to long-term effects and the optimal application methods to

maximize its potential in agriculture.

Keywords: Nutritional composition; Remineralization; Rock powder; Secondary metabolites;

Soil Fertility.






RESUMO

O po6 de basalto ¢ um remineralizador de solo com potencial para uso na agricultura, podendo
proporcionar melhorias no ambiente radicular, além de ser fonte de nutrientes e elementos
benéficos de liberagao lenta. O cultivo de gramineas forrageiras em consorcio com culturas
agricolas favorece a remineralizagdo do solo, melhorando a disponibilidade de minerais e
otimizando a ciclagem de nutrientes através de seus sistemas radiculares profundos. Dentre as
culturas agricolas, a soja e o milho se destacam entre como commodities internacionais,
utilizadas em uma grande variedade de alimentos para consumo humano e animal. Nesse
sentido, o objetivo deste trabalho ¢ avaliar o efeito residual do p6 de basalto na fertilidade do
solo e na qualidade nutricional dos graos de soja e de milho, em sistema de cultivo envolvendo
soja em sucessdo de milho, este com ou sem o consércio de Urochloa ruziziensis (U.R). O
experimento foi conduzido em blocos casualizados, com 4 repeticdes, em esquema fatorial 4x2.
Os fatores consistem em quatro diferentes manejos de adubagdo (4) presenga ou ndo de U.R
(2), em consorcio com milho na safra de outono-inverno. Os manejos de adubagdo consistem
em: i) sem adubagdo (testemunha); ii)) P6 de Basalto (BP); iii) MAP + KCI (fosfato
monoamonico + cloreto de potassio); iv) BP + MAP + KCI. Foram realizadas analises de
fertilidade de solo, produtividade e massa de 100 graos, valor nutricional, composi¢cao mineral
e metabolitos secundarios. Os dados foram submetidos a analise de variancia (p<0,05) e as
médias comparadas pelo teste de Tukey (p<0,05). Andlise multivariada por PCA (anélise dos
principais componentes) foi realizada para as variaveis significativas. BP demonstrou eficacia
na melhoria da fertilidade do solo apds dois ciclos agricolas. O uso de BP aumentou o conteudo
de Ca, Mg, S.B, V%, m% e C.E.C. no solo. Nasoja, a aplicagdo de BP elevou os niveis K, Mg
e B, enquanto no milho, Ca, Mg, P e K aumentaram significativamente ap6s dois ciclos
agricolas. BP influenciou o conteudo de carotenoides, compostos fendlicos e atividade
antioxidante na cultura do milho. BP é uma emenda de solo eficaz e sustentavel, com
consideravel potencial para a remineralizacdo do solo e melhoria da qualidade nutricional de
culturas agricolas. Entretanto, mais estudos sdo necessarios para compreender os efeitos de
médio a longo prazo e os métodos de aplicacdo ideais para maximizar o seu potencial na

agricultura.

Palavras-chave: Composi¢do nutricional; Fertilidade; Metabolitos secundarios; P6 de rocha;

Remineralizagao.






ZUSAMMENFASSUNG

Basaltpulver (BP) ist ein Bodenremineralisierungsmittel mit groBem Potenzial fiir die Landwirtschaft,
daesdie Struktur des Wurzelumfelds verbessern und die mikrobiologische Aktivitéit des Bodens fordem
kann. Es dient als Quelle wichtiger Nahrstoffe und niitzlicher Elemente und fordert eine schrittweise
Freisetzung, die zur langfristigen Fruchtbarkeit und Nachhaltigkeit des landwirtschaftlichen Systems
beitrdgt. Der Anbau von Futtergrisern, wie Urochloa Ruziziensis (UR), im Verbund mit
landwirtschaftlichen Nutzpflanzen fordert die Remineralisierung des Bodens, verbessert die
Verfiigbarkeit von Mineralien und optimiert den Nahrstoffkreislauf durch das tiefe Wurzelsystem der
Pflanzen. Unter den landwirtschaftlichen Nutzpflanzen sind Sojabohnen und Mais die wichtigsten
internationalen Handelsgiiter, die in einer breiten Palette von Nahrungsmitteln fiir den menschlichen
und tierischen Verzehr verwendet werden. Das Ziel dieser Studie besteht darin, die Restwirkung von
BP auf die Bodenfruchtbarkeit und die Néhrstoffqualitdt in einem Anbausystem zu bewerten, in dem
Sojabohnen und Mais nacheinander angebaut werden. Das Experiment wurde in einem randomisierten
Blockdesign durchgefiihrt. Die Faktoren bestehenaus vier Diingemethoden (4) und Mischkultur aus UR
+ Mais oder Maismonokultur in Sojabohnenfolge (2). Das Diingemanagement besteht aus: 1) Kontrolle
i1) BP; iii)) MAP + KCI (Monoammoniumphosphat + Kaliumchlorid); iv) BP + MAP + KCI. Es wurden
Analysen zur Bodenfruchtbarkeit, Produktivitdt,Masse von 100 Kornern, Nahrstoffzusammensetzung,
Mineralstoffgehalt und zu sekundédren Metaboliten durchgefiihrt. Fiir signifikante Variablen wurde eine
multivariate Analyse mittels PCA (Hauptkomponentenanalyse) durchgefiihrt. BP zeigte nach zwei
landwirtschaftlichen Zyklen eine deutliche Verbesserung der Bodenfruchtbarkeit. Durch die
Verwendung von BP wurde der Gehalt an Ca, Mg, Basensittigung, Summe der Basen und
Kationenaustauschkapazitit. im Boden erhoht, und den prozentualen Anteil der Aluminiumséttigung
reduziert. Bei Sojabohnen fiihrte die BP-Anwendung zu einem Anstieg der K-, Mg- und B-Werte,
wiéhrend bei Mais die Ca-, Mg-, P- und K-Werte nach zwei landwirtschaftlichen Zyklen signifikant
anstiegen. Im Vergleich zur Kontrollgruppe erhohte BP nach zwei landwirtschaftlichen Zyklen den
Gehaltan Lutein, S-Carotin,den Gesamtcarotinoidgehalt, die Ferulaséure, den Gesamtphenolgehalt und
die antioxidative Aktivitit in Maispflanzen. BP ist ein wirksamer und nachhaltiger Bodenverbesserer
mit erheblichem Potenzial zur Remineralisierung des Bodens und zur Verbesserung der
Nahrstoffqualitit landwirtschaftlicher Nutzpflanzen. Es sind jedoch weitere Studien erforderlich, um
die mittel- bis langfristigen Auswirkungen und die idealen Anwendungsmethoden zu verstehen, um das

Potenzial in der Landwirtschaft zu maximieren.

Schliisselworter: Fruchtbarkeit; Gesteinsstaub; Nahrstoffzusammensetzung; Remineralisierung;

Sekundédrmetaboliten.






TABLE OF CONTENTS

General INtroduCtion.....uuucecnencninnnimemmamamememememcssmnssmsmsmsmsmamemessssssss seossssess 1 9
Background.... AR ) |
Aims and Research Questlons cnennniS
Chapter 1 — Yield, Mineral Content and Sonl Amendment in Soybean-Malze Rotatlon with
Urochloa ruziziensis and Basalt POWdeT ... ueuemenininencncncnsnnmsmmmememenencnsnssssseeees 20
L. INtTOAUCHON . oo ettt e e e et ee e et e ans s e e e s se e seeseaseaseees sessnnnnnneess 20
2. Matherlalandmethods . R PUPVRRPUPRRN. ¢ |
2.1. Experimental site, Treatmentsand Statlstlcal de51gn ARSI 0 |

2.2, ANALYSIS. ..ottt st e ettt se e se e et e st e st et e s s sr s ar s se st e e e seeseasnasrasnes 2eaeees 2O
2. 2.0 SOULFCHHIIY.........c.ovoceieeieee e eteeeee ettt ee e ev e s en e svs et sannssssne s 2O
2.2.2. Soybean grains mineral CONIENL................cucueiveeieieeieeieeeeeeeeeeeeeeeeeeeeienein e se s saaneaaee . 30
2.2.3 Soybean yield and mass of 100 @FAINS .................ooovevueeceiireirseeiseeseeseenesessesssssssssssnssesssssseess 30
2.3 StatiStiCAl ANALYSIS. c.ecivuiieeeeeeiriieeieeeeeirrieee s seesrveiesseesresrsessseeseessssssseestesssssssnsssassasssneseessesssssseees 30
3 RESUILS .ottt et et st s s sserteeeesnnneeees 30
3L 1LS0IL FOItIlILY...ceeveeticei ettt et sr v e e e se e e e seeseeseestassnessessansssnneasenennnns s 3 0
3.2. Mineral content in SOYbean flOUL.........coeeieiiiiieiie e sre e e e eeeeeeeeees 3]
3.3 Soybean yield and mass 0f 100 Grains.......cccoeeeeeeeeeeeeeeeeeeeneeieiievieviiieesceseeeseesee s e sreseesveneneeeeeens 40
4. DISCUSSION......eie vt ettt se ettt sttt sttt s st s s en e et e se s sneenese s s weneneeneneneeennne sl ]
4.1, SOOI FEITIILY...ciiviiie ittt sre st se s st e srs e e seesrssrseesnesrassssnssseessaseneneneneeness G ]
4.2 Mineral content in SOYbean flOUT............ccuuuieieiiriieece et eeeeeeeeeeeeee e 4O
4.3 Soybean yield and mass 0f 100 Zrains.............coevevivierieircireineseereeseesresreeeesresresrssessessnsnssnnenes. 40
5. CONCIUSIONS. ...vivee ettt ettt ettt er et st st e se e eneenee e s DO
RETETENCES. ..ottt sttt er e st st e se e e s eneeee e s DS

Chapter 2 — Impact of basalt powder on yield, nutritional value and mineral content of
maize under different agricultural SYStemS.......ccuvuicnemncssmemnsnemenimeecssmssmessssmsssmesssssssses ssd 1

1. Introduction... et te et —e e e ettt e e sttt et et et e e e e se e e e e eaesenaeeteeeeesearennenesen ernsennneeennD ]
2. Matherlalandmethods ettt e oottt retes ot e et s ot e e s b ean st ae s e sa st ae e aee s staeeaee s srnernneees DD

2.1. Experimental site, Treatments and Statistical deSign.........cceeeeeeeeiriiiiiiciieecceece e 33
2.2, ANALYSIS...oiiviieiietitiee e st st ettt ettt e s er e st e st et e srs st ar s be st eneseesnaseasnanne seeeeees DD
2.2.1. Maize yield and mass of 100 @FAINS............cccceeeeviviieeeeineiiiiciieeeeeseriiieeseesresssiesieeseessvssnnns 000 94
2.2.2 Plant MAtETIAL........eveeeeieieeiaeiitent ittt et et s e er e er et se e se e s s se e eeees DD
2.2.3 Nutritional composition 0f MAIZe fIOUF ..............ccouwoeviciiiiiiieiaeeneeseeieeiesissieeeeeeenenee. 04
2.2.3 2 FIDTC.oee ettt et e e nneeennee e O D
22,3 3 F Qe ettt ettt ettt aee DD
2.2.3.4 Protein Qnd N COMIENL...............c.ccccceiuimimiiiiiiieiiiiee ettt ettt DD



2.2.3.5 CATDORYAIALC. ...........oooce vttt et e ee e se ettt e se e st tataa e e e e e e e eeeaee s DD
2.2.4Mineral content in MAIZe fIOUF.............ouueueeueeeeieieeeee et ettt eesees e seese e ennnaeees DD
2.3 StatiStICAl ANALYSIS.....ccviiviieeireirtieviiierrr e se e s e ereerestesresreers st s ses st se e e seeseeseaseasrassenrnnneeasansss DO
B RESUILS et sttt et st s e s e e e e D O
3.1. Maize yield and mass 0f 100 STains......cccocceeveereereeeeeneieeeceeieeietiiie e s e s e seeseeseeeveseserssnsnneees - D O
3.2 Nutritional composition 0f MaIZe flOUT......c..cceeeieiiieiieiiiiiii e eersernnaeee e e D ]
3.3 Mineral content in Maize flOUL ...ttt s eee e D
3.4 Principal Component Analysis (PCA).......coveeeeieiieeiieiiiiiiieecesse s s eee e sevcessneseneeea e e O
3.5 Hartingan's Index and Ward's Method...............ccoeeviiiiiiiiiiiiieeiesceese e seesreeee e enen .03
4. DISCUSSION ...ce vttt et et et et e e se et ere e er e et st e se s se s er s er s eneeneenesee seeseesennnnneeennss OB
4.1. Maize yield and mass 0f 100 STains.........c.ecuueueiceeieeseineeeee e et seeseesee e -, 04
4.2 Nutritional composition 0f MAIZE flOUT ..........ccocverviivviiiciieiriceece s se e ereeeee e sreerssevseeeeens 07
4.3 Mineral content 0f maize floUr.........cccoviiiiiiiiiiiiecce e s e 09
5. CONCIUSIONS. ... v ivcet ettt ettt st er e st st s s se st evseneeneee oenves 16
RETETEIICES. ....cie ettt st st sttt et s isrs e enaeens ] D

Chapter 3 — Phenolic compounds, carotenoids and antioxidant activity in maize flour affected
by basalt powder fertiliZAtion....... i smessssssssessssessssssssssssesess 19
L. INOAUCTION. ..ottt ee ettt et e re e e se e se e se e seeeneee wenneneeeaes ] O

2. Matherial and Methods.............eviiieiriiriceece e s s e sresresresresrsnennee 1eee S0
2.1. Experimental site, Treatments and Statistical design...........c.ccvveeeeiveerviciinnneecviciesreeseesrviennn. 80

2.2 Plant material...ccoocoviiiiii ettt st s e 1O ]
2.3 CREIMICAIS. ... e ie ettt ettt st st sttt e er et st se e se et ene e e e O |
2.2.1 Secondary metabolities ANALYSIS. ..........uciereeeeeiiieeieeesteserieeieessesrsseeessessessssssseessesssssssssssnnns 8.2
2.2.2. CAPOEHOIAS oo et ettt ettt e e ee e se e ee e seese e st e eneeeser s anssnnnsneeeees O2
2.2.3 PRENOTIC COMPOUNGS ..ottt ettt st s s vt iraeees OO
2.2.4 ANLIOXIAANE ACIEIVILY...oecvvvvvieceeeeeeeeiiesee e eteettssse e svesssssse e st e ssssnsseeseessesssssssesssessssssesssasssssssssnnns O3
2.2.5 StAtiStICAI ANQLYSIS.c...cocoeioioeeee ettt 84
B RESUIES e et st e st e O D
3.1, CarOtEINOIAS. ... ceeceeeee ettt ettt et s s e et et e e e 1 O D
3.2 Phenolic COMPOUNGS.........etiiieieieeeece e e ee ettt e e se e se e see e seeeeeereeeseesenssnnsnneeeeaees OO
3.3 ANTOXIAANE ACTIVILY ... etveiet ettt et st se ettt et st s sttt er e et se e s e se e sbaeeees OO
4.4, Principal component analysis (PCA)........cc.vccoeineniieiiiine et e esrvieneseesveseeissseesvessnssnssnnsns 90

A D IS CUSSION et ee ettt et eee e e e e ettt ee e e eee e et aeeees e stasesaesseesenesaeeseesnnseneesessnnenneeses seesrnsennnsesnnneesD ]



4.1, CarOtENOIAS...ceecveceeeee et ettt et et ettt e s e eeesennee 0D |
4.2 Phenolic COMPOUNGS.........ceeveeiiieiieiietietiie e s et e et e ee et et eet st e e e e e seeseesea e e eennnnnnneees DD
4.3 ANtIOXIAANT ACHIVIEY...euvvivvierieeiiceieeiseeseeeeeereeteeresreersaesaesss s tsssesseeseesessseseeseessessessssssssssssssssnseseees s DO
5. CONCIUSIONS. .. cveevt ettt et sttt et s s et en e eneeneeneesanene D ]
RETETENCES. ..ottt ettt er et se e st e se e e naiteeeeeinaeeennn DO
General DiSCUSSION.... . inininninaieieienenesesee s s sasmsmsmsmssesesssssssssssssssssssssssssss sesssss 1 04
Final considerations.. .. v cnenencnememeememememmmnnsmoemncmememamamsmsmssssssnsnssess sosossesssssss 1 07

RETEIEIICES . .ottt ettt ettt e et et e st eseeeee e veeseseaeeveseassaeeeesenase ssrnnesesneeeennneeena 109






19

General Introduction

Due to the increasing global demand for food, soybeans have become an important
source of plant-based protein and stand out among the main national agricultural commodities.
An essential component in animal feed production, and of growing importance in human
nutrition, this oilseed crop has been the fastest-growing agricultural commodity in Brazil over
the last three decades (Mores et al., 2022). Similarly, maize is characterized by a wide range of
uses—from animal feed to high-tech industries—with the largest share of its consumption
attributed to grain used for both animal and human food. It is also firmly established as one of
Brazil’s most significant agricultural export commodities The integration of grain-producing
crops, such as maize, with forage species like Urochloa ruziziensis, is a widely used practice as
an alternative for soil cover during the offseason and it is considered one of the best alternatives
for the sustainability of tropical agricultural systems (Borghi et al., 2013). This is because the
nutrient cycling that results from the decomposition of these crops residues, becomes an
important factor of study to assist in fertilization management (Amado et al., 2002; Santos et
al., 2008), which leads to the rationalization of input use with lower production costs for the
farmer and reduced risk of losses and environmental imbalance.

Today, inputs such as fertilizers and agricultural pesticides play an active role in
production costs. In general, the average share of fertilizers in operational costs for soybeans
has shown an upward trend over the analyzed years (Monaco et al., 2024), due to factors such
as theappreciation ofthe dollar and the verticalization of production. Brazil is the fourth-largest
consumer of fertilizers in the world. In recent decades, the amount of imported NPK (nitrogen,
phosphorus, potassium) fertilizers used in the country has increased from about 32% to 77% of
total consumption (Farias et al., 2020). Given this scenario, there is a need to maximize the use
of production factors to achieve higher productivity and profitability. Therefore, there has been
a search for low-cost products aimed at ensuring efficient and sustainable nutrient supply and
use for Brazilian agriculture, where the viability of industrial waste has been explored, with the
use of remineralizers (RMs) standing out to supply nutrients and beneficial elements to plants,
as well as to improve soil properties (De Silva, et al., 2023).

Soil remineralization with the use of rock powder is a technique that involves using
finely ground rocks applied to the soil to restore its fertility through the minerals derived from
them. Remineralizers, commonly known as rock powder or rock dust, are known to contain a
wide range of minerals in considerable concentrations that can be made available to plants and
soil microorganisms (Theodoro et al., 2012; Swoboda et al, 2022). They can be a viable

alternative for agricultural use, both economically and ecologically, due to the low cost of the
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beneficiation process, which consists of grinding the rocks that make up the product, releasing
nutrients gradually, thus reducing losses due to leaching and favoring a long-term effect of the
applied input (Hanisch et al., 2013). The remineralization technique has garnered interest from
researchers seeking to positively alter soil fertility without affecting the environmental balance
and to reduce medium- and long-term dependence on imported fertilizers, thus increasing the
sustainability of production (Moretti et al., 2019). Additionally, to containing essential elements
for plant development, remineralizers can provide important chemical elements for human
nutrition. Improving the nutritional quality of agricultural crops, beyond improving soil
fertility, has become an issue of extreme urgency and importance, as nutritional deficiencies
constitute a serious public health problem, affecting more than half of the world’s population,
particularly in developing countries (WHO, 2018). Thus, improving the nutritional composition
of plants used in food, particularly basic crops like soybeans and maize, is an urgent global
need.

The adequate and balanced supply of nutrients to soybeans and maize with the use of
mineral fertilizers, has the potential not only to increase productivity but also to improve the
nutritional value of food crops. Therefore, the use of balanced fertilization could provide
nutrients that are not present in sufficient quantities in the soil, promoting higher productivity
and better organoleptic and nutritional quality of the grains, thus ensuring food security
(Khambalkar et al., 2025). Improving the nutritional quality of grains may be key to more
competitive supply chains. The goal is not to eliminate the use of soluble fertilizers for fast-
growing grain crops, where the dependence on readily available nutrients is high, but the use
of remineralizers and other sustainable soil management practices, such as the use of cover
crops in the No-Tillage System, can create conditions to improve fertilization efficiency and
nutrient uptake by plants. In this regard, forage species, like Urochloa ruziziensis can enhance
the uptake of nutrients from low-solubility sources due to their greater hardiness, high ability
to produce straw and roots, increased soil organic matter, and benefits to soil physical structure
(Rodrigues et al., 2023), improving soil fertility, plant yield, and potentially the nutritional
quality of the produced grains.

Few studies can be found in the literature regarding the interrelationship between
fertilization, production systems, and the nutritional quality of grains. Research in this area is
particularly justified during a time of international fertilizer shortages and the high global

demand for maize and soybeans.
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This study contributes to the growing body of work seeking alternatives to
synthetic fertilizers by demonstrating that basalt powder, especially when paired with
biologically diversified cropping systems, can sustain soil fertility and improve grain nutritional
quality without compromising yield. The findings suggest that BP could be integrated into
nutrient management plans not solely as a primary nutrient source, but as a long-term soil health
amendment with co-benefits for food quality. Furthermore, the increase in bioactive compounds
such as carotenoids and phenolics supports the use of BP in functional food production systems
where nutritional enhancement is a key target. From an agroecological perspective, the study
reinforces the value of intercropping as a means of enhancing soil function, optimizing resource

use, and supporting resilience in cropping systems.

Broader Context and Future Research

To build upon this research and further advance our understanding, long-term field
trials are recommended to assess the cumulative agronomic and environmental benefits and
could provide a more comprehensive assessment of the cumulative impacts of BP, particularly
considering its slow-release nature. Additionally, future studies could investigate the role of
soil microbial communities, which likely play a key role in BP weathering and nutrient cycling,
to deepen the mechanistic understanding of how intercropping enhances BP effectiveness.
Additionally, conducting experiments across a range of locations and soil types would enhance
the generalizability of the findings, providing valuable insights for optimizing BP application
across different soil types and climatic zones. The incorporation of such alternative fertilization
strategies holds the potential to reduce reliance on synthetic inputs, enhance food nutritional

quality, and contribute to more sustainable and resilient agroecosystems.

Final Considerations

In conclusion, the use of basalt powder (BP) as a fertilization source in the successive
cultivation of soybean and maize demonstrated notable benefits to soil fertility parameters
(Chapterl 1). BP effectively improved cation exchange capacity (C.E.C.) after the first
agricultural cycle. Furthermore, under intercropping system with Urochloa ruziziensis, it
reduced soil acidity by lowering levels of m% (exchangeable aluminum) and AI3*, increasing
soil base saturation (SB) and V%, which are essential parameters long-term soil health. The
combination of BP with the forage species Urochloa ruziziensis (U.R) in an intercropping

system with maize proved to be particularly beneficial for enhancing soil fertility. This
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synergistic effect not only optimized soil health but also promoted better nutrient availability
and cycling, creating a more resilient soil environment and suggesting that BP is an effective
soil remineralizer.

While these soil fertility improvements did not directly translate into yield increases, BP
had a marked impact on the nutritional composition of soybean (Chapter 2). BP enhanced
mineral levels of P, Ca and Mg after two crop cycles, highlighting the significance of proper
crop fertilization and its impact on nutritional composition of food crops. These changes in
nutritional content suggest that even in the absence of significant yield gains, BP can contribute
to the overall quality of the crop, potentially offering benefits in terms of human nutrition.
However, the intercropping with the forage species did not enhance BP effectiveness or
performance. This indicates that while intercropping may provide other benefits, such as soil
health or biodiversity, it did not significantly improve the nutritional outcomes observed in
maize and soybean.

Furthermore, BP enhanced the secondary metabolite contents in maize with and without
intercropping of Urochloa ruziziensis (Chapter 3), boosting levels of lutein, f -carotene, total
carotenoid content, ferulic acid, total phenolic content and antioxidant activity in maize after
two crop cycles, to similar levels as the chemical fertilization sources, suggesting potential
health benefits and resilience improvements in the plants. However, when comparing the two-
cultivation system, the presence of intercropping exhibited the highest performance for these
variables, suggesting a positive correlation between the intercrop of the forage species and the
use of BP to increase phenolic content in maize, having the ability to present comparable
content to that of traditional/chemical fertilization sources.

Furthermore, the residual effects of BP over time demonstrate its potential as a
sustainable approach to improving maize quality without compromising agricultural systems.
These results open avenues for further research into the mechanisms underlying BP’s impact
on plant secondary metabolism and its applications in agriculture for bioactive compound
enrichment in crops. These findings underscore the importance and efficiency of BP in
promoting soil health and improving the nutritional quality of crops, while its role in boosting
yield may require further exploration under different environmental conditions or additional
factors. The positive effects on soil fertility and plant metabolism position BP as a promising
sustainable input for improving fertility and quality, particularly in cultivation system,
highlighting its potential as a natural soil amendment with benefits extending beyond

immediate yield outcomes.
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