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A B S T R A C T

The paper presents PyPlants, an open-source object-oriented Python package, which includes plant models val­

idated and published in the scientific literature, useful for predicting phenology and diseases. These tools are 

essential in agriculture, as they help to predict growth phases and disease risk, reducing the probability of crop 

loss. As of today, these models are rarely distributed as software; the few available implementations are developed 

in different programming languages and provide limited interoperability. PyPlants addresses these limitations by 

offering a common software interface and a simple framework to facilitate model adoption, for both researchers 

and developers. Moreover, users can take advantage of this tool to benchmark and consequently share new mod­

els. The current release includes eleven different models, ten for diseases and one for phenology, but it is ready 

to include many more in the near future. 

Metadata

Code metadata.

Nr. Code metadata description Metadata

C1 Current code version v0.1.1

C2 Permanent GitHub link to code/repository used for this code version https://github.com/iXemLabs/pyplants

C3 Legal Code License Apache-2.0

C4 Code versioning system used git

C5 Software code languages, tools, and services used Python 3.8+

C6 Compilation requirements, operating environments & dependencies None

C7 If available Link to developer documentation/manual https://pyplants.readthedocs.io/latest/

C8 Support email for questions giovanni.colucci@polito.it

1 . Motivation and significance

Plant health modeling provides tools useful for minimizing crop 

loss caused by pests, through the prediction of phenology and disease. 

Disease models aim to evaluate infection risk, whereas phenology mod­

els aim to predict plant development stages. Since their introduction in 

the early 1960 s [1], modeling techniques have evolved significantly: 

from empirical models, based on expert-rules that encapsulate domain 

knowledge gained from real world observations and evidence, to mech­

anistic models that describe biological phenomena by simulating the 

underlying system as a set of interacting mechanisms, emphasizing 

direct cause-and-effect relationships. In literature, an ever-increasing 

number of models exists, with the largest contributions in the last 25 

years. This evolution is primarily driven by a greater availability of 
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agrometeorological data obtained from sensors and the improvements 

in research tools [2].

From a black-box perspective, depending on the model, agrometeo­

rological data such as air temperature and leaf wetness are often used 

as input to the system [2,3]. Each model usually runs on an hourly or 

daily timestep [4]; at each execution, different parameters, such as spore 

release and infection risk, are generated as output. However, integration 

of these models is not simple, because of the lack of proper software 

implementations and interface standardization [4,5]. Moreover, mod­

els in the literature are developed without taking interoperability into 

account. For example, output values such as the spore release could be 

represented as a dichotomous, categorical or likelihood variable. Finally, 

building an implementation from scratch requires not only programming 

skills, but also context and domain knowledge.

In this paper we present PyPlants, an open source object-oriented 

Python package that implements different disease and phenological pre­

dictive models that have been proposed and validated in the scientific 

literature. The main purpose of this library is to enable both develop­

ers and researchers to use those models with ease. Methods included in 

PyPlants implement a common software interface hiding the implemen­

tation complexity; additionally, a basic framework for the development 

of new models is provided.

2 . Software description

PyPlants is implemented entirely in Python; it has no third-party 

libraries or platform-specific dependencies. This makes the installa­

tion straightforward across different operating systems and Python 

environments.

2.1 . Software architecture

The library is composed of two main sub-packages, one for the dis­

eases and one for the phenology. Models are implemented as simple 

Python classes that inherit from an appropriate parent. In Fig. 1, a sim­

plified UML diagram shows the main base classes. The update method 

is the public interface implementing a common template, thus concrete 

models must provide the implementation of the private method with the 

proper logic.

Since input data are heterogeneous, agrometeorological parameters 

are grouped together into an update context object, implemented as a 

Python dataclass. In this way, a common method signature can be shared 

across different models.

2.2 . Software functionalities

2.2.1 . Disease models

Plant disease models predict various aspects of a disease’s infec­

tion cycle. They output a list of events, where each item in the list is 

computed during the execution of the update method.

Model

_model_meta: Dict

update(ctx: UpdateCtx) : void
_update_imp(ctx: UpdateCtx) : void

BaseDisease

_events : List<DiseaseEvent>

_update_imp(ctx: UpdateCtx) : void

BasePhenology

_bbch : BBCHScale

_update_imp(ctx: UpdateCtx) : void

Fig. 1. UML class diagram describing the base classes of PyPlants. Green circles 

denote public methods, yellow diamonds denote private methods, red squares 

denote private attributes, and italic labels indicate abstract methods.

Fig. 2. Example of the Plasmo model output using data collected in a vine­

yard near the city of Carema in Piedmont (Italy). Purple regions denote 

predicted infection risk periods; the blue curves represent the incubation latency 

progression.

An event is composed of a timestamp, stored as a Python date­

time object, and a number of parameters which represent the output 

of the model. This approach is general and applicable to different dis­

eases across a wide variety of plants. Normally, the models compute 

the infection risk, which is stored as a float value, to take into account 

the heterogeneous types of outputs of different models. Moreover, in 

case of fungal infections, the spore release can optionally be computed 

in a dedicated float field. Other output parameters can be stored in 

an additional field, implemented as a Python dictionary; this is use­

ful to track state variables that can be easily inspected to assess model

functionality.

Some plant disease models are not limited to the prediction of infec­

tion risk, but they are also capable of tracking the incubation period. 

To support this functionality, a simple infection manager is included 

in the library, designed following a slightly simplified version of the 

strategy pattern [6]. The infection manager is model-agnostic: it takes 

as input a callable object, delegating the computation of incubation la­

tency to the model itself, avoiding the duplication of the basic logic. 

Therefore, whenever a model receives new input data, the infection 

manager updates the latency for the active infections; the incubation pe­

riod is considered complete when the latency reaches a threshold value 

of 1. Fig. 2 shows an example of the disease output computed by the 

Plasmo model [7] for the downy mildew of the Nebbiolo grapevine. The 

model has been executed using data measured in a vineyard located 

near the city of Carema in Piedmont (Italy) during the season 2026. In 

the chart, the purple regions indicate periods with predicted infection 

risk, whereas the blue curves represent the progression of incubation

latency.

Diseases are organized in a hierarchical structure, where sub-

packages include all models applicable to a specific plant. Inside each 

sub-package, models of the same disease are grouped in the same Python 

module. Currently, the majority of available models target grapevine dis­

eases, plus one for apple scab and one for generic plant fungal-based 

disease. In Table 1, models are reported together with bibliographic 

references and the relevant output parameters.

2.2.2 . Phenology models

Phenology models predict the evolution of plant growth over time. 

Phenology can be described in different ways, with the BBCH scale be­

ing the most widely used one [17]. This scale provides a common way 

to track growth stages for different crop types. Each stage of the scale 

is represented by a combination of two numeric codes; the former rep­

resents the main growth stage, the latter the secondary one. The code 

progression is not linear and values cannot be sorted as regular num­

bers. Every plant is characterized by two main phases: vegetative and 

reproductive, represented by the first code value being between 0 and 

4, or between 5 and 9 respectively. The two phases can overlap in time: 

when the reproductive scale starts, the vegetative growth (such as leaf 
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Table 1 

List of plant disease models implemented, each model can predict infection risk 

and, in case of fungal-based diseases, spore release; additionally, some models 

track the infection incubation period.

Crop Disease Model Spore

Release

Infection

Grape Downy mildewb Plasmo [7] No Yes, with 

incubation

Grape Powdery Mildewa Gadoury [8] Yes Yes

Grape Powdery Mildewa Moyer [9] Yes No

Grape Powdery Mildewa Davis [10] Yes No

Grape Powdery Mildewa Caffi [11] Yes Yes, with 

incubation

Grape Gray Mold Broome [12] No Yes

Grape Gray Mold González-Fernández [13] No Yes

Grape Gray Mold González-Domínguez [14] No Yes

Apple Scab Mills [15] No Yes

Generic Generic Magarey [16] No Yes

a
 Implementation focused on ascospore infections

b
 Implementation focused on oospore primary infections

Fig. 3. Example of BBCH scale computed for grapevine cultivar, in south of 

Alessandria in Italy during the season 2023. The plot highlights the vegetative 

and reproductive phases in green and orange respectively. (For interpretation of 

the references to colour in this figure legend, the reader is referred to the web 

version of this article.)

development) may still be in progress. In Fig. 3, an example of BBCH 

scale progression for grapevine cultivar, computed in 2023 season in 

Piedmont (Italy) is shown.

In PyPlants, an implementation of the BBCH scale is provided. The 

scale is implemented as two lists, one for the vegetative phase and the 

other for the reproductive phase; each item in these two arrays is an 

object, composed of a timestamp and a BBCH stage. A single stage is 

represented as an object wrapping an integer value. The BBCH scale im­

plementation allows comparison only between stages within the same 

growth phase; otherwise, an exception is raised. This is convenient be­

cause the scale is often used by plant disease models to define their 

running periods during the season.

Currently, only one model is included in the library: the Iphen model 

developed for grapevine [18], which uses the normal heating hours 

(NHH) [19], to track the growth evolution of the plant and consequently 

to predict the phenological stage. The NHH is the normalized sum of the 

mean hourly temperatures, using three cardinal values: the minimum, 

the optimum and the maximum. Since growth rates vary across differ­

ent cultivars, this model takes as input the grapevine variety, in order 

to select the correct parameters used to run the model.

3 . Illustrative examples

The library is used by initializing the models and invoking the update 

method as soon as new agrometeorological data are available. While 

phenological models usually run autonomously, plant disease models 

often require phenological data, which can eventually be generated by 

means of a phenological model. For this reason, phenology models must 

be updated prior to disease ones. Furthermore, according to each model 

requirements, the update can be on a daily or hourly basis. While hourly 

models are restricted to hourly data, daily models may accommodate 

both input types. To streamline the processing, a utility, implementing 

the same update interface used by the models, is included. It allows 

users to perform bulk updates across multiple models using granular 

hourly data, bridging the gap between different temporal resolution 

requirements. An example of library usage is presented in Listing 1, 

where the classic workflow for model initialization and execution is 

demonstrated.

Listing 1. Usage example of models with different timestep. The daily 

updater utility takes as input a list of models with daily timestep. 

Additionally, some plant disease models require a phenology model, 

as input; in this example, the Iphen method is initialized selecting the 

Chardonnay as cultivar.

The library provides basic functionality to build custom models. In 

Listing 2, the skeleton of an empty plant disease model is provided as a 

reference. Besides inheriting from the appropriate parent, a model must 

define specific metadata: the timestep, the required fields in the update 

context, and, optionally, a BBCH range. Thanks to this definition, the 

library can activate some automatic consistency checks. Concerning the 

timestep, the system prevents updates from being executed with a mis­

matched one. About the update context, an automatic procedure verifies 

the presence of the required fields. The BBCH range is only required for 

plant disease models using phenological data; in this case, the system 

executes the update only when the BBCH stage falls within the specified 

range. If correctly defined, a custom model can be used exactly as any 

other model defined inside the package. Finally, to define a custom phe­

nological model, the same procedure can be used, by simply changing 

the parent class.

4 . Impact

The proposed package has potential impact on agronomists, 

plant pathologists, researchers, students and software developers. 

Agronomists and plant pathologists can find a multitude of models in 

the scientific literature, rarely paired with a code implementation. Even 

when a software tool is available, it might be distributed as closed 

source, thus making it difficult to verify. The package fills this gap, 

offering immediate usability and an open source distribution.

Researchers may use models under simulated future weather con­

ditions to evaluate the impact of climate change on plant growth and 

pests [20]. Moreover, the availability of a common software inter­

face across models, allows an easier comparison of different methods; 

consequently, researchers can choose the most suitable one for the 

specific case under study. The open implementation offers the possi­

bility to fine tune model’s internal parameters, potentially allowing its 
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Listing 2. Template of a custom plant disease model that requires mean 

temperature and rainfall data as input parameters, running on a daily 

timestep.

adaptation to peculiar scenarios. For example, the pathogens response 

to temperature variations is described by parameters called cardinal 

temperatures. These values are peculiar to the pedoclimatic and morpho­

logical characteristics of each single region; therefore, they are evaluated 

experimentally. In this context, the package could be exploited to study 

models performance, when applied in different environments, and to as­

sess, thanks to additional observations, the pests’ ability to adapt to new 

climate conditions.

As far as students are concerned, the library could serve as a learning 

resource, by providing transparent reference implementations that can 

be inspected and modified by students.

For the developer community this package may represent a useful 

instrument, being a consolidated basis for further implementations of 

decision support systems (DSS), by reducing the amount of required 

code and avoiding the repetition of control logic. This simplifies the 

implementation of tools that allow agronomists to optimize pesticide 

application, reduce chemical usage, and adapt crop management to cli­

mate variability. Additionally, users developing their own models, may 

adopt the package as a framework, taking advantage of the available 

core engine.

5 . Conclusion

PyPlants provides a collection of disease and phenological models 

for plants. The package aligns with the FAIR (Findable, Accessible, 

Interoperable, and Reusable) principles: the source code is publicly 

available on GitHub [21] under the Apache License 2.0, and the doc­

umentation is hosted on the Read the Docs platform.

Although the library currently includes a limited number of models, 

compared with the vast availability in the scientific literature, the pack­

age represents a starting point for new contributions. For this reason, 

future development will focus on expanding the library to include addi­

tional models and crop types, alongside more robust data management 

logic. Furthermore, to facilitate adoption by users with less familiarity 

with subjects such as object oriented programming, alternative model 

declaration constructs could be proposed.
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