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ABSTRACT

In the smart farm, we can control every detail for production. Collecting every factor that affects the crop’s final
yield is necessary to optimize its efficiency. The SPAD values were observed in the ‘Star’ cultivar blueberry
(Vaccinium darrowii) three times a day and at three different plant heights. The pattern of SPAD value change
was different by the planting position. Ground planted blueberry (V. darrowii) represented a stable SPAD value
during the day and at the different heights. However, the SPAD value was increased by time in pot-planted
blueberry (V. darrowii). Also, the SPAD value of pot-planted blueberry was lower than ground planted blueberry
(V. darrowii). Even when plants were of the same cultivar and age, planting conditions affected the changing
pattern of SPAD in a day. Each planting condition had merit. Therefore, proper management is needed to
compensate SPAD value in pot-planted blueberry (V. darrowii). This study suggests that environmental condi-
tions like planting factors affect the final products. Therefore, to maximize the efficiency at the smart farm,
the factors that could affect the final yield should be investigated and accumulated.
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1 Introduction

Smart farming with the sensor in future agriculture maximizes efficiency and decreases labor to increase
benefits for the agricultural industry [1,2]. With the support of sensors, artificial intelligence, and machine
learning, we can accumulate formidable data about crops. For successful smart farming, securing each
crop’s phenotype information is essential. After accumulating the factors that affect the final yield, the smart
farming system could support the disadvantage of each crop to maximize its product’s quality and quantity.

Many factors affect crop yield quality and quantity. Of the factors, photosynthetic efficiency is one of the
most considerable elements. Because the daylight time is limited, it is important to optimize every
environmental condition during the time that enables photosynthesis to maximize the final yield.
Fortunately, our smart farm system allows controlling environmental conditions, including light.
Therefore, fast determination of leaf status is needed to respond to rapid and frequent environmental
changes in actual farming. SPAD (Soil Plant Analysis Development) value is a possible available
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indicator for determining leaf condition for photosynthesis [3]. The SPAD value is measured by leaf
transmittance in the red (650 nm; the measuring wavelength) and infrared (940 nm; a reference
wavelength used to adjust for non-specific differences between samples) regions of the electromagnetic
spectrum [4]. The SPAD is correlated with grain yield and nutritional status in fruit trees [5,6]. Also, the
SPAD value is impacted by environmental factors like time in a day or leaf characteristics [7]. In
addition, it is possible to estimate the SPAD value from RGB (Red, Green, Blue) images [8].

This study uses blueberry (Vaccinium darrowii) as plant material. Blueberry (V. darrowii) is an evergreen
tree. Blueberry (V. darrowii) cultivar “Star” in this study is southern highbush blueberry [9]. It has many health-
beneficial ingredients such as flavonols [10] and many other advantages that attract people worldwide. Because
of its popularity and usefulness, this crop has been started cultivated worldwide recently [10]. For the growth of
these plants, low substrate pH, high organic matter, and good drainage are needed [11–13]. Also, each
cultivation region has a different environment; various cultivation strategies have been applied to adapt to
each environmental condition. Now, standardization of cultivation methods is necessary to optimize the
product qualities and quantities. For that, getting at each cultivation method’s characteristic, especially
related to photosynthesis, is needed. These confirm the character of the blueberry photosynthetic
characteristics such that each cultivation methods help develop the standardization of the cultivation
process. Also, we compared each SPAD value between ground and pot-planted blueberry. Therefore, this
study confirmed the SPAD value change in a day by height from ground and pot-planted blueberry. Also,
we compared each SPAD value between ground and pot-planted blueberry.

2 Materials and Methods

2.1 Plant Material
This experiment used the blueberry (V. darrowii) cultivated in the rain-shelter house at Gosan, Jeju, for five

years. The age of blueberry was five. The spacing in the plant row was 2.0 m, and the spacing of each row was
1.5 m. For ground-planted blueberry, the ground was mulched with wood chips. For potted blueberry, a 180 L
round pot was used, and the soil was composed of 130 L of peatmoss and 40 L of perlite mixture and mulched
with wood chip. The average temperature during the daytime in winter was 4°C–7°C, and in summer was
35°C–41°C. From April to June, the crop was fertilized. Considering the age of blueberry plants, the
amount of nitrogen fertilization was 100 kg/ha. The fertilizer was determined based on pH 5; when the pH
was higher than pH 5, ammonium sulfate was used, and urea fertilizer was used when the pH was lower
than pH 5. The pH of the soil was 5.0 to 5.5. The SPAD value was measured at 8 AM, 1 PM, and 6 PM.
The leaf directly contacted with sunlight and positioned at 90%, 50%, and 10% of plant height were
randomly selected and measured. It was repeated five times for each height.

2.2 Measurement of Chlorophyll Content
SPAD-502 chlorophyll meter (Konica Minolta Sensing, Japan) was used for measuring the SPAD value.

It measured two wavelengths (650 and 940 nm) of light intensity through the leaf, a non-destructive method.
SPAD reading value was calculated from the logarithm of the transmittance at 650 nm related to that at
940 nm [14].

2.3 Statistical Analysis
Collected data were organized by Microsoft Excel software (Microsoft Corporation, Redmond, WA). For

the regression, R statistical software (R Core Team, Vienna, Austria) was used. Some data did not satisfy
normality; we used the Wilcoxon Mann-Whitney test [15] and the Kruskal Wallis test [16]. For the post-doc
of the Kruskal Wallis test, the ‘agricolae’ package was installed, and the Dunn test with Bonferroni
adjustment was used. The scatter plot and three-dimensional mesh plot tool in SigmaPlot10 software (Systat
Software, Inc., San Jose, California) were used for drawing figures in this study.
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3 Results

Table 1 shows the SPAD value changes at the same height between different times in a day. In-ground
planted blueberry’s SPAD values by times are not significantly different at the same height. In contrast, in the
pot-planted blueberry, the SPAD values at 90% and 10% of the height were significantly different by time
only at 90% plant height. Furthermore, the SPAD values increased while observing time in pot-planted
blueberry. At SPAD values compared at the same observing time by plant height, the ground-planted
blueberry’s results are similar to Table 1. It is not significantly different by the height at the same
observing time. However, not like Table 1, the SPAD values in pot-planted blueberry (V. darrowii) are
not significantly different by the height at the same observing time, although the P-value is 0.08716 and
0.07085 at 8 AM and 6 PM, close to 0.05 (Table 2). SPAD values are significantly different in observed
plant heights between ground and pot-planted blueberry (V. darrowii) at 8 AM and 1 PM (Table 3).
Ground planted blueberry’s SPAD value’s mean observed in this study is larger than that of pot-planted
blueberry (V. darrowii). However, at 6 PM in all observed plant heights, the SPAD values are not
significantly different statistically (Table 3).

Figs. 1A to 1C represent each regression by time and SPAD value. The ground planted blueberry’s
regression is not significant, and the R square is low. Nevertheless, the scatter plot and slope represent the
changes of SPAD value of ground planted blueberry (V. darrowii) in a day is not larger than that of pot-
planted blueberry (V. darrowii). Similar results are found in height. Figs. 1D to 1F showed the regression
by height and SPAD value. The scatter plot and slope showed that the changes are not larger at ground
planted blueberry compared with pot-planted blueberry (V. darrowii).

In Fig. 2, three-dimensional mesh graphs are visualized the SPAD value changes of ground and pot-
planted blueberry (V. darrowii) in a day. As mentioned above, the ground-planted blueberry (V. darrowii)
maintains a stable and high SPAD value for a day, while the SPAD value is changed by time and height
in pot-planted blueberry (V. darrowii).

Table 1: Kruskal-Wallis test result compares SPAD values between height planted at ground and pot

Height (%) Time Ground (SPAD) Pot (SPAD)

90% of plant height 8 AM 33.58 ± 0.85 a 28.66 ± 1.08 ab

1 PM 32.26 ± 0.59 a 28.12 ± 0.83 b

6 PM 33.72 ± 0.61 a 33.02 ± 0.92 b

P-value 0.1872 NS, a 0.02194**

50% of plant height 8 AM 34.62 ± 0.53 a 28.56 ± 1.35 a

1 PM 32.94 ± 0.72 a 27.52 ± 0.44 a

6 PM 32.66 ± 0.80 a 31.14 ± 0.86 a

P-value 0.1584 NS 0.08046 NS

10% of plant height 8 AM 35.40 ± 0.42 a 25.26 ± 1.40 a

1 PM 33.10 ± 0.73 a 26.68 ± 1.21 ab

6 PM 33.98 ± 1.06 a 29.70 ± 0.69 a

P-value 0.1604 NS 0.04489**
Notes:
a NS, nonsignificnat at P > 0.05, * significant at 0.05, and ** significant at 0.01.
b Means of ± standard errors followed by different letters within columns are significantly different by Dunn test with Bonferroni adjustment. Non-
parametric rank data were used for statistical analysis; however, untransformed data are presented.
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4 Discussion

The SPAD values are related to the products of crops, and the cultivar-specific SPAD values can
accurately estimate the final yields [17,18]. SPAD values of blueberry (V. darrowii) leaves were closely
related to blueberry growth and dry matter accumulation [19]. Furthermore, a strong significant positive
correlation was found between grain yield and SPAD values [18]. The blueberry (V. darrowii) planted in
the pot represents significantly different SPAD values by time changes in a day (Table 1). However, the
blueberry (V. darrowii) showed no significantly different SPAD values at the same height during a day
(Table 2). Leaf position is related to the maturity of the leaf, which is apical positioned leaves are
relatively immature, and basal position leaves are comparably old [20,21]. Also, the chlorophyll levels
are increased on the age of leaf tissue and N status [4]. However, this study represents that basal leaf

Table 2: Kruskal-Wallis test result compares SPAD values between time planted at ground and pot

Time Height (%) Ground (SPAD) Pot (SPAD)

8 AM 90% of plant height 33.58 ± 0.85 a 28.66 ± 1.08 ab

50% of plant height 34.62 ± 0.53 a 28.56 ± 1.35 a

10% of plant height 35.40 ± 0.42 a 25.26 ± 1.40 a

P-value 0.1599 NS, a 0.08716 NS

1 PM 90% of plant height 32.26 ± 0.59 a 28.12 ± 0.83 a

50% of plant height 32.94 ± 0.72 a 27.52 ± 0.44 a

10% of plant height 33.10 ± 0.73 a 26.68 ± 1.21 a

P-value 0.43 NS 0.4311 NS

6 PM 90% of plant height 33.72 ± 0.61 a 33.02 ± 0.92 a

50% of plant height 32.66 ± 0.80 a 31.14 ± 0.86 a

10% of plant height 33.98 ± 1.06 a 29.70 ± 0.69 a

P-value 0.6188 NS 0.07085 NS
Notes:
a NS, nonsignificnat at P > 0.05.
b Means of ± standard errors followed by different letters within columns are significantly different by Dunn test with Bonferroni adjustment. Non-
parametric rank data were used for statistical analysis; however, untransformed data are presented.

Table 3: Welch’s t-test result compares SPAD value between the blueberry planted in the ground and pot

Height (%) Time Ground (SPAD) Pot (SPAD) P-value

90% of plant height 8 AM 33.58 ± 0.85 28.66 ± 1.08 0.03175 *,a

1 PM 32.26 ± 0.59 28.12 ± 0.83 0.007937**

6 PM 33.72 ± 0.61 33.02 ± 0.92 0.8413 NS

50% of plant height 8 AM 34.62 ± 0.53 28.56 ± 1.35 0.01193*

1 PM 32.94 ± 0.72 27.52 ± 0.44 0.007937**

6 PM 32.66 ± 0.80 31.14 ± 0.86 0.4206 NS

10% of plant height 8 AM 35.40 ± 0.42 25.26 ± 1.40 0.007937**

1 PM 33.10 ± 0.73 26.68 ± 1.21 0.01193*

6 PM 33.98 ± 1.06 29.70 ± 0.69 0.007937 NS
Note:
a NS, nonsignificnat at P > 0.05, * significant at 0.05, and ** significant at 0.01.
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SPAD value in pot-planted blueberry is lower than apical positioned leave of ground planted blueberry. This
result indicated that the environmental factors essentially affect the SPAD value of blueberry (V. darrowii).
Photosynthesis is affected by the environment and has a daily rhythm [22,23].

Figure 1: Scatter plot and regression of SPAD value from blueberry planted on ground and pot. A, B, and C.
The SPAD value were collected three times a day at 90%, 50%, and 10% of plant height, respectively. D, E,
and F. The SPAD value was collected from three heights at 8 AM, 1 PM, and 6 PM in a day, respectively.
Black circle and white square mean ground and pot-planted blueberry’s SPAD values, respectively

Figure 2: Three-dimensional mesh graph of SPAD value by blueberry height and time. A. Ground planted
blueberry. B. Pot-planted blueberry
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A hypothesis might explain each SPAD value pattern difference because evergreen trees do not
maximize instantaneous photosynthesis for enduring water and nutrient stress [24]. In addition, the
drought condition decreases the SPAD value in plants [25,26]. The pot size might not be enough, which
causes drought or nutrient stress to the blueberry (V. darrowii). That could be the reason for the SPAD
value pattern of pot-planted blueberry (V. darrowii).

Based on Figs. 1 and 2, we estimate that the SPAD value is affected by the environment, such as planted
condition or time in the day. Also, the SPAD value in blueberry (V. darrowii) might have a daily rhythm.

In addition, this study found that the planted condition affects SPAD values (Table 3). The same plant
height’s SPAD value of ground planted blueberry (V. darrowii) was higher, while 14 h that observed than pot-
planted blueberry (V. darrowii). These results suggest that ground planted blueberry (V. darrowii) has
advantages that maintain SPAD value during the day. However, pot planting has other merits to
management than ground planting. Therefore, increasing the SPAD value in the morning by substitute
light would be required for pot-planted blueberry (V. darrowii) to maximize the photosynthetic rate for a
higher yield. In smart farming, controlling the environment could optimize the SPAD values. Maintaining
lighting, controlling light intensity, or other environmental factor management could improve the SPAD
value of crops [27–29].

The current study confirms that the SPAD values represent differences in planted conditions. The ground
planted blueberry maintained a stable and high SPAD value from 6 AM to 8 PM, 14 h. Unlike the ground
planted blueberry, the pot-planted blueberry (V. darrowii) represents not have stable SPAD values during the
day. It could affect the final yield of blueberry. To summarize, this study found that the same cultivar crop
showed differences that could affect final yields by cultivating conditions. It suggests that even with the same
cultivar, to maximize final yield, different management is needed. Future studies would confirm many factors
affecting crop growth and yield to establish an efficient smart farming system.
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