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NÃO ESQUEÇAM DAS CULTURAS SUBTERRÂNEAS: INTRODUZINDO A
BATATA-DOCE NO CONTEXTO DA AGRICULTURA DIGITAL

RESUMO – Produzir alimentos de qualidade para atender a demanda global, em meio
às incertezas climáticas com práticas de manejo sustentáveis é um dos maiores de-
safios das próximas décadas. Se realmente queremos atender a essa demanda, as
ferramentas digitais são a chave para tornar a produção de alimentos mais segura.
No entanto, os esforços para desenvolvimento dessas ferramentas estão totalmente
focados para as culturas de maior interesse comercial, deixando de lado as de menor
interesse, como as culturas subterrâneas. Grande parte das culturas subterrâneas
são cultivadas por pequenos produtores rurais. Eles não possuem recursos ou con-
hecimento necessários para desenvolver ou adaptar essas ferramentas para suas
necessidades. Devido a importância do seu valor nutricional na alimentação diária,
nesta tese mostramos que não podemos esquecer das culturas subterrâneas. Para
contribuir com a solução desse problema, nós desenvolvemos métodos para avaliar o
padrão de crescimento, produção e qualidade da batata-doce. Mostramos que dados
de clima e de satélites podem ser usados para detectar mudanças em estágios de
crescimento e predizer caracterı́sticas da cultura. Nosso trabalho introduz a cultura da
batata-doce no contexto atual da agricultura conectada.

Palavras-chave: agricultura de precisão, agricultura inteligente, colheita inteligente,
Ipomoea batatas, predição de produtividade, sensoriamento remoto
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DON’T FORGET THE BELOW-GROUND CROPS: INTRODUCING SWEET
POTATOES INTO THE CONCEPT OF DIGITAL AGRICULTURE

ABSTRACT – To produce quality food to meet global demand amidst climate uncertainty
with sustainable management practices is one of the major challenges of the coming
decades. If we truly want to meet this demand, digital tools are the key to making food
production safer. However, efforts to develop such tools are entirely focused on the
crops of greatest commercial interest, while leaving aside crops of minor interest, such
as below-ground crops. Most below-ground crops are grown by smallholder’s farmers.
These farmers do usually do not have the necessary resources or knowledge to develop
or adapt these tools to their needs. Due to the importance of these crops’ nutritional
value in day-to-day diets, in this dissertation we show that we cannot forget below-ground
crops. To contribute to the solution of this problem, we developed methods to assess the
pattern of growth, yield, and quality of sweet potatoes. We show that weather and satel-
lite data can be used to detect some changes in growth stages and predict crop traits.
Our efforts introduce the sweet potato crop in the current context of e-farming agriculture.

Keywords: precision agriculture, smart farming, smart harvesting, yield prediction,
remote sensing, Ipomoea batatas
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CHAPTER 1 – General considerations

1.1 Introduction

Digital technologies are transforming the way society, farmers, and decision-
makers look at the agricultural sector and food production. Increasingly accessible
climate data and satellite images have enabled the creation of tools to assess the
characteristics of the development of many crops. Large-scale crop assessment ensures
food security for many families because it makes it possible to determine the impacts
of field interventions and direct efforts to inspect and solve problems on-site. Such a
comprehensive approach makes production more sustainable and boosts productivity
gains.

Scientists and companies are focusing on the development of digital tools for the
assessment of major crops such as cotton, soybeans, corn, and sugarcane. While this
development is promising and the benefits are immeasurable, they forget about minor
crops such as fruits, legumes, and vegetables, which are often grown by smallholders
farmers. Traditionally, smallholders farmers contribute a significant amount of food to
supply the city and regional economy. However, they do not have sufficient resources or
training to adapt the use of digital tools to their realities. Moreover, to develop such tools,
it is necessary to know how to program, working using databases, and with complex
statistical analysis. The challenge for developing these tools is doubled when the crop
grown has the development of its raw material of main economic interest undergrounds,
such as roots, rhizomes, and tubers. Therefore, when developing digital tools, we cannot
forget about the below-ground crops.

Sweet potato is an example of such a crop, because its roots grow below ground.
Its management, therefore, requires farmers or decision-makers to look closely at the
characteristics that determine its productive performance. But to look closely at these
characteristics requires intensive fieldwork, due to the need to dig up the soil to visualize
the production pattern of the roots. Such practice, increases production costs and
does not allow for a detailed understanding of the spatio-temporal dynamics of root
development. Against this background, we believe, therefore, that establishing potential
relationships between vegetation growth characteristics (above ground) from remotely
sensed and weather data with the pattern of root production (below ground) would allow
site-specific management strategies to be set. Thus, we propose the elaboration of this
dissertation. Our objective is to generate knowledge to assist smallholders farmers and
decision-makers in the assessment of sweet potato development characteristics during
the crop cycle. Such an approach will allow the introduction of this crop in the current
context of e-farming agriculture.

1
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4.7 Concluding remarks and outlooks

Our study clearly demonstrates the possibility of advantageously integrating
high-resolution remote sensing and multi-output machine learning into an immersive
single framework to accurately predict for the yield of sweet potato by the market class
of its tuberous roots upon imagery data on full-scale fields. Straightforward preliminary
evidence exists for the exceptional ability of both random forest and k-nearest neighbors
to learn from the on-field reflectance at GNDVI and SAVI then output multiple numeric
values to the independent variable, without any bias or computational unfeasibility. Our
insights are timely and absolutely will open up the horizons for more precisely harvesting
high-quality material to fulfill the rigors of commercialization and industrialization. Also,
they will do support selecting healthily seedlings to vegetative propagation into new
fields in croplands, where heterogeneity makes it difficult for planning and leveling up
cost-effectiveness. Thereby, the grower who wishes to use our approach can expect, for
the ideal scenario, suitable on-field management to produce sweet potato with more
profitability and societal and environmental responsibility. These are key-aspects to
food safety, especially in regions where this starch-rich crop structures up the basis of
scoping agriculture and human nutrition. Finally, our approach will assist with scaling up
this rural food towards an essentially provocative yet emerging transformative agriculture
for its supply chain. Future directions are basically to (i) predict daily tuberization for
progressively harvesting; and (ii) test if it could be possible for an integrative UAV-SAR
imaging system to improve acquiring data with higher spatial-temporal resolution and
without any damaging factor.



88

4.8 References

ABBAS, F.; AFZAAL, H.; FAROOQUE, A. A.; TANG, S. Crop Yield Prediction through
Proximal Sensing and Machine Learning Algorithms. Agronomy, MDPI AG, v. 10, n. 7,
p. 1046, jul. 2020. Disponı́vel em: 〈https://doi.org/10.3390/agronomy10071046〉.

ALAM, M. K. A comprehensive review of sweet potato (Ipomoea batatas [L.] Lam):
Revisiting the associated health benefits. Trends in Food Science & Technology,
Elsevier BV, v. 115, p. 512–529, set. 2021. Disponı́vel em: 〈https://doi.org/10.1016/j.tifs.
2021.07.001〉.

ALI, N.; NEAGU, D.; TRUNDLE, P. Evaluation of k-nearest neighbour classifier perfor-
mance for heterogeneous data sets. SN - Applied Sciences, Springer Science and
Business Media LLC, v. 1, n. 12, nov. 2019. Disponı́vel em: 〈https://doi.org/10.1007/
s42452-019-1356-9〉.

ASHAPURE, A.; JUNG, J.; CHANG, A.; OH, S.; YEOM, J.; MAEDA, M.; MAEDA, A.;
DUBE, N.; LANDIVAR, J.; HAGUE, S.; SMITH, W. Developing a machine learning based
cotton yield estimation framework using multi-temporal UAS data. ISPRS - Journal of
Photogrammetry and Remote Sensing, Elsevier BV, v. 169, p. 180–194, nov. 2020.
Disponı́vel em: 〈https://doi.org/10.1016/j.isprsjprs.2020.09.015〉.

ASHAPURE, A.; JUNG, J.; YEOM, J.; CHANG, A.; MAEDA, M.; MAEDA, A.; LANDIVAR,
J. A novel framework to detect conventional tillage and no-tillage cropping system effect
on cotton growth and development using multi-temporal UAS data. ISPRS - Journal
of Photogrammetry and Remote Sensing, Elsevier BV, v. 152, p. 49–64, jun. 2019.
Disponı́vel em: 〈https://doi.org/10.1016/j.isprsjprs.2019.04.003〉.

BAROUDY, A. A. E.; ALI, A. M.; MOHAMED, E. S.; MOGHANM, F. S.; SHOKR, M. S.;
SAVIN, I.; PODDUBSKY, A.; DING, Z.; KHEIR, A. M.; ALDOSARI, A. A.; ELFADALY, A.;
DOKUKIN, P.; LASAPONARA, R. Modeling Land Suitability for Rice Crop Using Remote
Sensing and Soil Quality Indicators: The Case Study of the Nile Delta. Sustainability,
MDPI AG, v. 12, n. 22, p. 9653, nov. 2020. Disponı́vel em: 〈https://doi.org/10.3390/
su12229653〉.
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