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ABSTRACT

In strawberry cultivation, where harvests occur periodically, predicting flowering dynamics is
crucial for optimizing yield. This study aimed to organize fundamental information on the
exponential sine model, which could play a central role in developing prediction processes for
strawberry flowering dynamics. To achieve this, the model was applied to flowering data, and
the impacts of different data intervals on predictive performance (trends and accuracy) were
evaluate. Over three cultivating seasons, we collected visually the daily data on changes in the
number of flowers, fruits, and cumulative harvests and extracted each data at different interval
(Int) ranging from 1 to 7 days. Furthermore, we calculated the changes in number of flowerings
(FL) over different Int. The exponential sine model was then fitted to each FL dataset, and
parameters representing the flowering dynamics patterns were obtained for each Int to
compare predictive trends. Additionally, the predictive accuracy of the exponential sine model
for each Int was evaluated using the root mean square error (RMSE). The model parameters
for Int = 1 (original FL) and Int = 2—7 were generally consistent, confirming that the impact of
different Int values on predictive trends was minimal. As Int increased, the RMSE decreased
and remained relatively constant for Int = 4. Balancing accuracy and practicality, an Int of 4
was suggested as reasonable for FL prediction using exponential sine model. This study
provides key information on applying the exponential sine model to strawberry FL dynamics
and suggests a clear direction for developing FL prediction software.
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INTRODUCTION

In strawberry cultivation, optimizing flowering (FL) dynamics is beneficial for stable production.
A promising approach is using mathematical models to predict FL dynamics. FL patterns are
often represented as waves, e.g., Gaussian mixture models. However, these models have the
drawback that overall wave characteristics are difficult to grasp solely from model parameters.
To address this, the exponential sine model (Malo, 2002; hereafter Malo model) has gained
attention, as all parameters correspond to specific wave features. It has been applied to tree
FL dynamics, often observed with relatively coarse data intervals (/Int). In contrast, horticultural
analyses use various Int, possibly influencing predictive performance (trends and accuracy).
In this study, we evaluate the impact of different Int on the predictive performance of the Malo
model in modeling strawberry FL dynamics.



MATERIALS AND METHODS

Strawberry plants (Fragaria x ananassa Duch. cv. Fukuoka S6) grown in the greenhouse were
used over three cropping seasons (number of plants: 212 in 2019, 89 in 2020, and 57 in 2021).
The number of flowers (NFL), fruits (NFR), and cumulative harvests (NH) were visually counted
every morning throughout each season. From these, daily datasets were extracted at different
Int (from 1 to 7 days), and new datasets were reconstructed for each Int. FL was calculated as
follows: FLyinx = NFLpinx — NFL(n—1)*Intx + FRyintx (1), FRuintx = NFRptintx — NFR(n—1)*lntx + Hpintx
(2), Hntintx = NHp#intx = NH@n-1y1mtx (3), where n is a time step, x (1-7) is the interval length in days,
and FR and H represent the number of newly fruit settings and harvestings, respectively,
between consecutive intervals. The Malo model was fitted to the FL dynamics for each dataset:
FL = a{sin[tr((t — b)/c)d]}e (4), where a, b, ¢, d, and e represent the maximum (d~"/plant), start
date (days), duration (days), waveform symmetry (-), and kurtosis (-), respectively. Finally, the
waveform similarity between each Int and the original FL (Int;), as well as the predictive
accuracy (root mean square error, RMSE) of the Malo model, were calculated and compared.

RESULTS & DISCUSSION

NFL, NFR, and NH showed consistent trends across all 10+ A)
cultivation years and Int, and FL also showed similar trends, s | .
becoming smoother with increasing Int (data not shown). The —~ &1 | 2020

Malo model accurately described FL dynamics across years 4] « 2021
regardless of Int, with consistent parameters (except b and c,
based on measured data; Fig. 1A). Thus, Int does not affect
the predictive trends of Malo model. RMSE decreased from O,E’\r\ _];5
Int; to Ints and plateaued thereafter (Fig. 1B), suggesting Ints 0203 0 9!%

is optimal for balancing accuracy and practicality. Developing '
prediction processes based on environmental factors for Malo
model parameters may lead to FL prediction. While further /g
study is needed, this work marks a key step toward predicting 2 g gg 4
and optimizing strawberry FL dynamics using the Malo model. 15
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