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Abstract

The strawberry growth and fruit yield of five Korean cultivars in the tunnel-type greenhouse predicted using their growth.
The number of leaves, petiole length, leaf length and width, crown diameter, and the ratio of red and far-red (RFR) of the
five Korean cultivars were measured during the cultivation period. The number of leaves of all cultivars exhibited a similar
trend during this period; the plant and petiole length of ‘Maehyang’ were the longest, leaf length exhibited similar trends in
all five cultivars except for ‘Jukhyang’, the leaf width of ‘Arihyang’, was the longest, and crown diameter of ‘Keumsil® was
the thickest. The leaf length, crown diameter, and RFR were associated with the fruit yield in the multiple linear regression.
When a single model was used to predict the yield of all five cultivars, the correlation between expected yield and actual yield
was r=0.53. When cultivar-specific models were built for the prediction, the correlation increased to r=0.77. The results
indicated that the fruit yield of strawberry cultivars could be better predicted by considering cultivar-specific information,
so it may be necessary to consider individual cultivars specifically rather than all cultivars simultaneously.

Keywords Cross-validation - Cultivar-specific modeling - Flowering - Fresh weight - Ratio of red and far-red

1 Introduction

Plants are continuously exposed to different environmental
conditions due to their sensibility, and the physical features
of the plants are affected by environmental factors. For
instance, leaf size can vary with precipitation and air temper-
ature (Wright et al. 2017). The change of the physiological
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traits can also induce change in fruit yield. Plant leaves
produce glucose through photosynthesis, and the glucose
is changed to disaccharides and polysaccharides and are
used for flowering and fruiting. The transport of sugar is
demonstrated by source and sink strength. Giaquinta (1978),
moreover, reported that the level of sugar and activity of
sucrose-metabolizing enzymes was modified by source and
sink strength. Generally, leaves do become the source, and
flowers and fruits become the sink. Thus, it can be inferred
that the growth of fruit vegetables may predict fruit yield.
Previous studies have demonstrated that the fruit yield of
strawberries was correlated with plant size (Guttridge and
Anderson 1981; Olsen et al. 1985), the number of leaves per
crown (Mason and Rath, 1980), and the number of leaves
per plant (Lacey 1973). Faby (1997) reported that transplant
crown diameter and the total fruit yield of strawberry are
positively correlated. Furthermore, strawberries with larger
crown, produced higher fruit yield during early season, on
average, than strawberries with a smaller crown (Albregts
1968; Durner et al. 2002). Ahn et al. (2021) reported that
larger leaf size and more leaves of five Korean strawberry
cultivars (‘Arihyang’, ‘Jukhyang’, ‘Keumsil’, ‘Maehyang’,
and ‘Seolhyang’) might result in higher fruit yield, and the
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source and sink strength might describe the relationships
between the growth factors (leaf size, the number of leaves,
and crown diameter) and yield factors (time to first flower-
ing, fruit weight, and the number of fruits). Ahn et al. (2021)
also subjoined the ratio of red and far-red (RFR) lights to
the growth factors because the growth and fruit production
of strawberries can be predicted by the ratio of RFR light:
biomass and starch accumulation due to red light (Li et al.
2012) and early flowering due to far-red light (Brown and
Klein 1971; Cerdan and Chory 2003; Johnson et al. 1994;
Wollenberg et al. 2008). Generally, canopy shading reduces
the RFR (Smith 1982), and the number of leaves and leaf
size affects the canopy shading.

Prediction of fruit yield is essential for harvest and market
planning (Wulfsohn et al. 2012). The relationships between
growth and fruit yield of strawberry may allow us to predict
fruit yield through plant height, the number of leaves, leaf
length and width, and crown diameter (Sim et al. 2020).
Moreover, many studies have been conducted to predict
fruit yield using a regression model, correlation/regression
analysis, multiple regression model, and machine-learning-
based predictive model (Dgving and Mage 2001; Obsie
et al. 2020; Sim et al. 2020; Zadravec et al. 2013). Predictive
modeling, however, is particularly difficult because thinning
(removal of old and infected leaves) in commercial cultiva-
tion may induce random noise to data due to a reduction in
the number of leaves and crown diameter, and each cultivar
may have its own mechanisms to contribute fruit yield. As
many studies have displayed that thinning improve growth
and fruit yield during the fruit production period, therefore,
predictive models should be designed considering thinning
(Cocco et al. 2020; Hicklenton and Reekie 2002). This study
evaluates the growth factors of managed strawberries that
are related to fruit yield and to predict fruit yield using the
growth factors considering thinning and different predictive
models.

2 Materials and Methods
2.1 Plant material and experimental design

Three cultivars of strawberry seedlings (‘Keumsil’, ‘Mae-
hyang’, and ‘Seollhyang’) were obtained from Kyungnam
Agriculture Research Station (35°12°N 128°07’E, ele-
vated 20-m); ‘Arihyang’ was obtained from the National
Institute of Horticultural and Herbal Science (35°50’N
127°02’E, elevated 30-m); and ‘Jukhyang’ was purchased
from Damyang-gun seedling company in Jeollanam-do
(35°18’N 126°58’E, elevated 45-m). In a tunnel-type
greenhouse (25 X7 m; 175m?) located at an experimen-
tal farm of Kyungpook National University (35°53’N
128°36’E, elevated 30-m), Five cultivars of strawberry
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seedlings were transplanted in two rows at an interval
of 20-cm on September 14 (‘Keumsil’), September 21
(‘Arihyang’, ‘Maehyang’, ‘Seollhyang’), and 8 October
(‘Jukhyang’) in 2020. Four cultivars ('Seolhynag', 'Mae-
hyang', 'Keumsil', and 'Arihyang') were transplanted at
the same periods, while the 'Jukhyang', semi-forcing type
cultivar, was at the early October. The transplanting data
of semi-forcing culture normally showed at the early
October. Using a completely randomized block design,
the samples were placed in five replicates (20 strawberry
seedlings per replication). Old and diseased leaves were
removed periodically.

2.2 Cultural environment and growth parameter
collection

Strawberries were grown in a double-tunnel greenhouse
covered with a 0.1-mm polyethylene film. The greenhouse
was built in the east—west direction. An air heater (8 kW
electronic, temperature < 8 °C) and a lagging cover (com-
plexed with aluminum, cotton, and felt sheets) were used
between 18:00-08:00 to keep warm and for heating in win-
ter. For ventilation, the side window was opened during the
photoperiod, and the airflow fan (diameter 600-mm) was
set to operate for 25 min and rest for five minutes. The soil
type in the greenhouse was silt loam soil, well-drained and
mulched with black polyethylene film. Base fertilizer was
applied according to local recommendations at 2000 kg per
1000 m? of commercial organic matter. Irrigation was per-
formed at regular intervals using a nutrient solution (N-P-K-
Ca-Mg-S = 16-4-8-4- meeL.™"). The collected environmental
data are indicated in Fig. 1.

The number of leaves, plant height (cm), length of petiole
(cm), the leaf length (cm), leaf width (cm), and crown diam-
eter (mm) were measured and recorded every two weeks
starting from the seventh day after transplanting. The leaf
area, leaf area index, fresh weight, and dry weight were
recorded on the transplanting day and the last day of cultiva-
tion. The days of flowering for the five strawberry cultivars
were recorded, and it started on November 18th, 2020. The
strawberry fruits were harvested from December 10th, 2020
to March 26th, 2021. For the fruit yield, three plants from
five experimental plots, in total 15 plants, were randomly
selected for the data collection. The horticultural character-
istics investigation method was conducted with reference to
a previous report (Sim et al. 2020).

2.3 Ratio of red and far-red light (RFR)

The wavelengths of red and far-red reaching the crown were
measured using a spectrometer (LI-180, Li-Cor, Lincoln,
NE, USA). The wavelength ranges of red and far infrared are
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Fig. 1 The collected environmental data. A: Daily average air temperature; B: Daily average relative humidity; C: Daily average solar radiation;

D: Daily soil temperature; E: Daily soil water content; F: Daily soil electrical conductivity (EC)

620-700-nm and 700-750-nm, respectively. The RFR ratio
was measured in a total of 15 plants with 5 replications of 3
plants at the crown position.

2.4 Data analysis

We analyzed 15 plants per cultivar. To describe the total
yield per plant (grams), a simple linear regression on the first
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day of flowering, ANOVA with the five cultivars, and multi-
ple linear regression with the growth variables (the number
of leaves, plant height, petiole length, leaf length, leaf width,
and crown diameter) as well as the RFR ratio was used. For
the growth variables, the closest time point before the first
flowering was chosen. Then, the growth variables measured
at earlier time points were also compared. To choose the best
predictive model, cross-validations were used to evaluate the
prediction performance and select the model, which resulted
in the smallest mean square error. Two approaches were con-
sidered during predictive modeling. First, the cultivar was
used as a predictor and the same set of other variables for all
cultivars (i.e., single model for the five cultivars). Second,
the data were subsetted by cultivar then considered different
sets of variables for each cultivar (i.e., five cultivar-specific
models). All statistical analyses were conducted in R version
4.0.2 (R Core Team 2020).

3 Results

3.1 Growth characteristics of selected strawberry
cultivars

All five strawberry cultivars were cultivated by continuously
removing old and infected leaves. The number of leaves of
all five cultivars exhibited a similar trend during the growth
period and continued to increase from 60 d after transplant-
ing (Fig. 2). ‘Maehyang’ and ‘Jukhyang’ in the late growth
period were defoliated due to the increase in the number
of infected leaves, and they reduced slightly as a result. As
for the plant length, ‘Maehyang’ was the longest from early
to late growth stage, followed by ‘Keumsil’, ‘Arihyang’,
‘Jukhyang’, and ‘Seolhyang’. As for the petiole length, with
the result of the plant height, ‘Maehyang’ was the longest.
Then, ‘Keumsil’, and the other three cultivars were rela-
tively similar. The leaf length was similar in all five culti-
vars except for ‘Jukhyang’ being substantially shorter at the
early stage of growth. The leaf width of ‘Arihyang’ (average
9.4 cm) was the longest among the five cultivars, and ‘Mae-
hyang’ (average 7.4 cm) was the shortest. The leaf widths
of ‘Jukhyang’, ‘Keumsil’, and ‘Seolhyang’ were similar. As
for the crown diameter, ‘Keumsil’ was the thickest (aver-
age 18.0-cm), and the other four cultivars were relatively
similar. ‘Keumsil’ with thick crown diameter had the highest
leaf area index, fresh weight and dry weight among the five
cultivars (data not indicated).

The ratio of average RFR under the leaves was the low-
est in ‘Arihyang’ and ‘Jukhyang’, which had the widest
leaf widths, and was highest in ‘Seolhyang’ and ‘Maehy-
ang’, which had the narrowest leaf widths (Table 1 and
Fig. 2). It was thought that the leaf width had a greater
the canopy shading on the crown than the leaf length, and
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there was no significant relationship with the leaf length.
Therefore, the distribution of RFR according to cultivar
might be due to leaf width. Moreover, there was no sig-
nificant relationship between the flowering date and the
increase in fruit yield.

3.2 Flowering characteristics of selected strawberry
cultivars

‘Arihyang’ showed early flowering, on average, compared
to the other cultivars with an average day after transplant-
ing (DAT) 53, and ‘Jukhyang’ and ‘Seolhyang’ flowered
the first time about two weeks after ‘Arihyang’ on average
(Fig. 3). It is thought that the late flowering of ‘Jukhyang’
is due to delayed transplanting. Some plants of ‘Seol-
hyang’ flowered as early as ‘Arihyang’, but the average
DAT was 66. The reason might be that the investigated
plants were not properly differentiated during the seedling
period due to insufficient low air temperature. ‘Maehyang’
and ‘Keumsil” exhibited similar flowering with an aver-
age DAT of 62 days. In the figure, the solid thick line in
the middle of each box indicates the sample median (for
each cultivar), and the dotted line indicates the sample
average. For each box plot, an outlier is defined as a data
point below Q1—1.5 IQR or above Q3 + 1.5 IQR, where
IQR =Q3—Q1 is the interquartile range (the length of
each box), and it is marked as a dot.

3.3 Fruits yield characteristics of the five strawberry
cultivars

As for the number of fruits, ‘Keumsil’ (averaged 457 fruits)
exhibited the highest number, followed by ‘Seolhyang’,
‘Maehyang’, ‘Arihyang’, and ‘Jukhyang’ (averaged 385,
368, 300, and 188 fruits, respectively) (Fig. 4). It is judged
that ‘Jukhyang’ exhibited remarkable low number of fruits
as the planting date was the latest. The number of fruits in
the four cultivars, except for ‘Jukhyang’, increased sharply
after February 1, 2021 (DAT 140). Similar to the number of
fruits, ‘Keumsil’ (averaged 7.2 kg) had the highest cumula-
tive fruit weight. In the case of ‘Arihyang’, the number of
fruits was low, but the cumulative fruit weight tended to be
high due to the large-size fruit features. As with the cumu-
lative number of fruits, the cumulative fruit weight of the
cultivars also increased sharply after February 1, which is
140 days of DAT. ‘Arihyang’ (average 27.1-g), which has
the characteristic of large-size, exhibited an overwhelmingly
high weight per fruit compared to other varieties, followed
by ‘Keumsil® (average 19.7-g). The remaining three cultivars
showed relatively similar weight per fruit. After the first har-
vest in all cultivars, the weight per fruit reduced gradually.
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Fig.2 The strawberry growth characteristic variables. A: the number
of leaves; B: plant height; C: petiole length; D: leaf length; E: leaf
width; F: crown diameter of the five strawberry cultivars including

Days after transplanting

A: ‘Arihyang’, J: ‘Jukhyang’, K: ‘Keumsil’, M: ‘Maehyang’, and S:
‘Seolhyang’. Each vertical var represents mean+ SD of fifteen repli-
cations
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Table 1 The ratio of RFR in

. . DAT* ‘Arihyang’ ‘Jukhyang’ ‘Keumsil’ ‘Maehyang’ ‘Seolhyang’
five strawberry cultivars during
the cultivation period 56 0.61+0.251% 0.74+0.305 0.72+0.231 0.62+0.294 0.59+0.176
70 0.59+0.345 0.77+0.173 0.79+0.162 0.87+0.180 0.91+0.286
84 0.61+0.249 0.53+0.176 0.74+£0.305 0.91+0.286 0.79+0.162
98 0.57+0.220 0.72+0.202 0.74+0.136 0.74+0.267 0.79+0.173
112 0.61+0.338 0.71+0.228 0.72+0.254 0.74+0.209 0.64+0.238
126 0.77+0.264 0.68+0.165 0.76 +0.286 0.92+0.239 0.85+0.307
140 0.67+0.176 0.67+0.293 0.75+0.286 0.81+0.200 0.86+0.238
154 0.55+0.336 0.69+0.508 0.88+0.462 0.94+0.331 0.91+0.312
164 0.57+0.190 0.63+0.210 0.70+0.231 0.71+£0.255 0.72+0.244
177 0.61+0.323 0.72+0.343 0.73+0.276 0.98+0.180 0.77+0.369
191 0.76 +0.237 0.64+0.225 0.77+0.222 0.81+0.290 0.94+0.310
Average 0.63+0.075 0.68 +£0.065 0.76 £0.048 0.82+0.111 0.80+0.113

“Days after transplanting
YMean + standard deviation

w
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Fig.3 The first flowering days since transplanting of the five straw-
berry cultivars including A: ‘Arihyang’, J: ‘Jukhyang’, K: ‘Keumsil’,
M: ‘Maehyang’, and S: ‘Seolhyang’
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3.4 Prediction of fruit yield using the characteristics
of selected strawberry cultivars

All descriptive regression analyses are summarized in Table 2.
It appeared that the time of first flowering was not associated
with the total yield (p =0.683), but some cultivars tended
to result in higher yield than others, on average (p =0.002).
According to Tukey’s method, ‘Keumsil’ had a higher yield
than ‘Jukhyang’ by 120.3 g on average with 95% CI (9.0,
231.6 g). The other pairwise comparisons were not statistically
significant at «=0.05 due to the high variability indicated in
Fig. 5. In multiple linear regression with the growth variables,
a longer leaf was associated with higher yield (p <0.001), a
bigger crown in terms of diameter was associated with lower
yield (p =0.005), and a higher RFR ratio was associated with
lower yield (p=0.010) on average. When the growth variables
measured at an earlier time point (than the closest to the time
of first flowering) was considered, the associations disappeared
or weakened.For predictive modeling, the cultivar-specific
approach outperformed the single-model approach. Based on
the single-model approach, the leaf length, crown diameter,

C

Weight per fruit (g/count)
E

80 100 120 140 160 180 200 80 100 120

Days after transplanting

Fig.4 The strawberry yield data with respect to time. A: the cumulative count of fruits; B: cumulative weight of fruits; C: weight per fruit of the
five strawberry cultivars including A: ‘Arihyang’, J: ‘Jukhyang’, K: ‘Keumsi’, M: ‘Maehyang’, and S: ‘Seolhyang’
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Table 2 Estimated regression Estimate SE T P-value
parameters for modeling the
total yield (fresh weight in Time to first flowering (Intercept) 329.607 72.187 4.566 -
grams) Days ~0472 1151 —0411 0.683
Cultivar® (Intercept) 305.429 29.082 10.502 -
(Reference: ‘Arihyang’) ‘Jukhyang’ —65.829 40.437 -1.628 0.108
‘Keumsil’ 54.505 40.437 1.348 0.182
‘Maehyang’ —50.295 40.437 —1.244 0.218
‘Seolhyang’ 37.305 40.437 0.923 0.359
Growth variables (Intercept) 204.948 122.849 1.668 -
Number of leaves 10.802 8.596 1.257 0.213
Petiole length -0.835 4.554 -0.183 0.855
Leaf Length 45.468 11.699 3.886 <0.001
Leaf Width —5.895 12.188 —0.484 0.630
Crown Diameter —16.451 5.623 —-2.926 0.005
RFR —135.123 51.055 —2.647 0.010
“p=0.002 from ANOVA, and comparison between ‘Jukhyang’ and ‘Keumsil’ was shown to be statistically
significant
YStandard errors
8
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Fig.5 Fresh weight harvested (grams) of the five cultivars including
A: ‘Arihyang’, J: ‘Jukhyang’, K: ‘Keumsil’, M: ‘Maehyang’, and S:
‘Seolhyang’

and RFR were selected as useful predictors. Still, the pre-
dicted outcome and observed outcome had a low correlation
of r=0.53. By considering the cultivar-specific approach, the
overall correlation between predicted and observed increased
to r=0.77. Using the prediction results from the cultivar-spe-
cific approach, the actual fruit yield and the predicted fruit
yield are plotted in Fig. 6.

The predictions for ‘Arihyang’, ‘Keumsil’, and ‘Maehyang’
(r=0.73, 0.82, and 0.78, respectively) were more accurate than
for ‘Jukhyang’ and ‘Seolhyang’ (r=0.32 and 0.54, respec-
tively). The combination of the first flowering time, petiole
length, leaf width, crown diameter, and RFR was the best pre-
dictive model for ‘Arihyang’; leaf length and crown diameter

T T T | | T T
0 100 200 300 400 500 600

Actual fruit yield (grams)
Fig.6 The actual fruit yield (grams) and the predicted fruit yield
(grams) from the cultivar-specific prediction models for the five cul-

tivars including A: ‘Arihyang’, J: ‘Jukhyang’, K: ‘Keumsil’, M: ‘Mae-
hyang’, and S: ‘Seolhyang’

for ‘Keumsil’; and the first flowering time, plant height, and
petiole length for ‘Maehyang’.

4 Discussion
We determined the number of leaves, plant height, peti-

ole length, leaf length and width, crown diameter, days
to the first flowering, the cumulative count and weight of

@ Springer
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fruit, the weight per fruit, and the ratio of RFR of ‘Arihy-
ang’, ‘Jukhyang’, ‘Keumsi’, ‘Maehyang’, and ‘Seolhyang’
from September 2020 to March 2021 (Fig. 2 and 4). Ahn
et al. (2021) reported the same traits of the five Korean
strawberry cultivars from September 2019 to March 2020.
These results demonstrated that trends, such as the number
of leaves of ‘Jukhyang’ and ‘Maehyang’, leaf length of
‘Jukhyang’, leaf width of ‘Maehyang’, crown diameter of
‘Arihyang’ and ‘Keumsil’, the cumulative count of fruit
of ‘Jukhyang’, the cumulative weight of fruit of ‘Jukhy-
ang’, and weight per fruit of ‘Arihyang’ were similar to
the trends of Ahn et al. (2021). It demonstrated that the
growth factors can characterize the cultivars. Moreover,
Ahn et al. (2021) determined the cultivar-specific rela-
tionships between the variability of environmental factors
(daily air temperature, soil water content, and solar radia-
tion) and fresh weight harvested in the following week
(adjusting for weeks since transplanting) but the article
just displayed the characteristics and trends of the cultivars
during the cultivation season.

Sim et al. (2020) reported that the crown diameter of
strawberry displayed high positive correlation coefficients
with the yield but our results indicated that crown diameter
exhibited negative correlation with the yield. Sim et al.
(2020) reported that the crown diameter of strawberry dis-
played high positive correlation coefficients with the yield
but our results indicated that crown diameter exhibited
negative correlation with the yield. The crown diameter
may induce random noise due to thinning. Therefore, it
might be that the crown diameter is an unreliable factor in
predicting the yield.

There are several relationships between growth and fruit
yield reported in the literature. Kasickina (1959) graded
strawberry seedlings within families according to vigor
and demonstrated that the most vigorous seedling gave
the heaviest yield, while Topcijski (1964) did not find a
correlation between leaf size and fruit yield and leaf width
and fruit yield. These results showed that the correlations
are cultivar-specific (Table 2). The leaf width was a use-
ful predictor in the predictive models for Arihyang and
Keumsil, but it was not for Maehyang. In addition to leaf
size and width, studies of the correlation between other
leaf factors and fruit yield were conducted. Pickett (1917)
reported simple phenotypic correlations from 900 straw-
berry seedlings derived from crosses of 17 parents. The
correlation coefficients between the number of leaves and
fruit number, between the average area of leaflets and the
average weight per fruit, and between the total leaf area
and total yield were r=0.48 (p <0.001), 0.29 (p <0.01),
and 0.75 (p <0.001), respectively. In our data, leaf length
was associated with fruit yield (p <0.001), but the number
of leaves was not (p <0.213). This indicates the need to
determine various leaf factors to predict the fruit yield
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of strawberries. Moreover, the RFR ratio was a suitable
parameter for modeling the total fruit yield. It is a well-
known fact that far-red promotes flowering (Collins and
Barker 1964) and fruit yield (Zahedi and Sarikhani 2016),
but the prediction of fruit yield using RFR has not been
conducted much in strawberry studies. We demonstrated
that the leaf width of strawberry had the greatest effect
on the RFR of the crown (Table 1 and Fig. 2). The leaf
width and length are cultivar characteristics. Therefore, it
is necessary to evaluate the relationship between the leaf
width, RFR, the number of flowers, flowering date, and
fruit yield in future studies.

Based on the relationships between growth and straw-
berry fruit yield, prediction models have been used to pre-
dict yield. Still, it appears challenging, particularly with
the thinning procedure. As indicated in Fig. 2, the growth
variables tend to differ from time to time. In this study,
the growth variables observed close to the time of the first
flowering was used (Fig. 3), and the predictive models
underperformed when the growth variables observed ear-
lier were used. Additionally, among the five cultivars in
this study, the predictive models for ‘Jukhyang’ and ‘Seol-
hyang’ underperformed (r*=0.10 and 0.29, respectively)
relative to the other cultivars (Table 2). Sim et al. (2020)
also attempted to predict the fruit yield of ‘Seolhyang’
strawberry based on growth data using multiple regression
analysis, and the correlation coefficient of the growth data
was r>=0.36, which was similar to the result based on the
single-model approach (r=0.53, r>=0.28). However, the
correlation between the predicted and observed outcomes
was improved by the cultivar-specific approach (r=0.77,
1?=0.59) as well as correlations between the growth fac-
tors and fruit yield. Hondelmann (1965) and Kaljaskina
(1966) reported the correlation between fruit yield and
the number of crowns at the time of fruiting (r=0.56) and
between plant vigor and the number of trusses (r=0.42)
and flower size as well as the berry size (r=0.7). If vari-
ous characteristics were joined to the data, it might help
improve the prediction of fruit yield. For example, pho-
tosynthetic and root characteristics can be collected and
used. Choi and Jeong (2020) determined the photosynthe-
sis parameters of leaves and root activity of ‘Arihyang’ and
‘Keumsil’. Therefore, it is necessary to try to predict fruit
yield using more characteristics in future studies.

5 Conclusions

The fruit yield using the growth data of the strawberry
cultivars was predicted. The leaf length, crown diameter,
and RFR as predictors because the factors were strongly
associated with the fruit yield. Moreover, the cultivar-
specific approach based on the growth factors improved
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the correlation between the predicted and observed out-
comes. The results indicated that the fruit yield of the
tested strawberry cultivars might be predicted using the
growth data during the cultivation period. Fruit yield pre-
diction can improve further if more cultivars and growth
data are obtained.
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