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Ayse AKYUZ, Bilal CEMEK

DEVELOPMENT OF LERF AREA MODEL IN CHOKEBERRY
PLANT GROWN IN DIFFERENT IRRIGATION WATER QUALITY

ABSTRACT

Chokeberry is a berry fruit species that has grown in the world in a few deca-
des, and it is used in many fields, especially in the pharmaceutical industry. There
needs to be a study examining the relationship between leaf area and irrigation
water quality in this species, whose cultivation has started to increase. In this study,
which was carried out between 2021 and 2022, the effects of irrigation water qu-
ality on leaf area in 1-year-old chokeberry plants of the ‘Viking’ variety grown in
peat and soil media were determined. Irrigation water with 0.65 dS m™ (Control),
2dS m™, 4dS m™, 8dS m, and 10dS m™ electrical conductivity were used in the
study. A model was developed in this study to estimate leaf area (LA) using leaf wi-
dth (W) and leaf length (L) values to determine leaf area. The proposed prediction
model was determined as (R*= 0.99). Three-dimensional graphs of the developed
models were drawn, and the changes in leaf width, length, and leaf area values aga-
inst irrigation water salinity were determined. As a result, it was determined that
there was a negative relationship between the electrical conductivity of irrigation
water and leaf width, length, and area values.

Keywords: Aronia Melanocarpa, Leaf Area, Modeling.
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FARKLI SULAMA SUYU KALITESINDE YETISEN ARONYA
BITKISINDE YAPRAK ALAN MODELININ GELISTIRILMESI

Oz

Aronya, basta ila¢ sanayi olmak iizeri bir¢ok alan da kullanilmasiyla birlikte
diinyada son ylizyilda yetistirilmeye baslanmis tiztimsii bir meyve tiiriidiir. Yetisti-
riciligi artmaya baslayan bu tiirde yaprak alani ile sulama suyu kalitesi arasindaki
iligkiyi inceleyen bir ¢aligmaya ihtiya¢ bulunmaktadir. 2021-2022 yillar1 arasinda
yiiriitillen bu ¢alismada, torf ve toprak ortamlarinda yetistirilen 1 yash ‘Viking’ ¢ce-
sidine ait aronya bitkilerinde sulama suyu kalitesinin yaprak alani tizerine etkileri
belirlenmistir. Caligmada kontrol (0.65 dS m™), 2dS m™, 4dS m™', 8dS m™ ve 10dS
m' elektriksel iletkenlige sahip sulama sular1 kullanilmistir. Kalite parametrele-
rinden biri olan yaprak alanini belirlemek amaciyla bu ¢alismada yaprak en (W)
ve yaprak boy (L) degerlerini kullanarak yaprak alanimi (LA) tahmin etmek icin
bir model gelistirilmistir. Onerilen tahmin modeli (R?= 0.99) olarak belirlenmistir.
Gelistirilen modellerin ii¢ boyutlu grafikleri ¢izilerek yaprak en, boy, yaprak alan
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degerlerinin sulama suyu tuzlulugu karsisindaki degisimleri belirlenmigtir. Sonug
olarak sulama suyunun elektriksel iletkenligi ile yaprak en, boy ve alan degerleri
arasinda negatif iliski oldugu tespit edilmistir.

Anahtar Kelimeler: Aronia Melanocarpa, Modelleme, Yaprak Alani.

%

1. INTRODUCTION

Chokeberry is an essential fruit with its rich nutrient content. It is a newly int-
roduced species in Tiirkiye, and its popularity is increasing. Its high vitamin, mine-
ral, antioxidant, anthocyanin, and phenolic compounds allow chokeberry to treat
some metabolic diseases (Engin et al., 2018). Thanks to its bioactive compounds,
chokeberry is used in the pharmaceutical industry as fresh or processed.

Leaf area is an important physiological input that plays a role in the plant’s phy-
siological events, such as photosynthesis, transpiration, and evapotranspiration,
and affects the yield and quality parameters of the plant (Smith and Kliewer, 1984;
Cemek et al,, 2011). Leaf area can be measured directly in the field or determined
more effortlessly using estimation models (Robbins and Pharr, 1987). Building a
multiple linear regression model (MLR) using easy-to-measure leaf width and len-
gth parameters is the most valuable and common approach to determining leaf
area (Rouphael et al., 2010). This approach allows us to obtain results effortlessly
and without destroying the plant, using fewer inputs and saving time. Accordingly,
different leaf area estimation models have been developed for various crops, inc-
luding pickling cucumber (Robbins and Pharr, 1987), blueberry (NeSmith, 2006;
Odabas et al., 2022), banana (Potdar and Pawar, 1991), white mulberry (Satpathy
et al,, 1992), pecan (Sparks, 1996), avocado, lotus plum, persimmon, kiwi, eggp-
lant, pepper, grape, blackcurrant, pumpkin, raspberry and blackberry (Uzun and
Celik, 1999), sweet cherry (Demirsoy and Demirsoy, 2003), peach (Demirsoy et al.,
2004), strawberry (Demirsoy et al., 2005), chestnut (Serdar and Demirsoy, 2006),
faba bean (Odabas and Giiliimser, 2005; Peksen, 2007), kiwifruit (Mendoza-de Gy-
ves et al., 2007), hazelnut (Cristofori et al., 2007), medlar (Mendoza-de-Gyves et
al., 2008), persimmon (Cristofori et al., 2008), coffee (Antunes et al., 2008), corn
(Sezer et al., 2009; Oner at al., 2011), grapevine (Miguel et al., 2011; Tsialtas et al.,
2008), citrus (Mazzini et al., 2010), apple (Sala et al., 2015), walnut (Keramatlou et
al,, 2015), apricot (Cirillo et al., 2017), cacao (Salazar et al., 2018), loquat (Teobal-
delli et al., 2019), pear (Oztiirk et al., 2019), bell pepper (Cemek et al., 2020), paddy
(Oner and Odabas, 2023) and echinacea (Oner et al., 2023).
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Plant-based modeling and coeflicients are essential for the accuracy of the equ-
ation (Oztiirk et al., 2019). The physiological responses of plants grown under dif-
ferent conditions differ from each other. Chokeberry plants grown under different
irrigation water quality conditions have different leaf area values. Although leaf
area estimation has been done in many plants, no model has been developed for
the chokeberry plant. Therefore, the prediction model developed for the chokeber-
ry plant is crucial to close this gap.

This study aims to close this gap by developing the leaf area model of the
chokeberry plant, which develops in different irrigation water quality and
growing medium.

2. MATERIAL AND METHOD

The study was conducted in a greenhouse of Samsun Ondokuz Mayis Univer-
sity, Faculty of Agriculture, between 2021 and 2022. Viking variety chokeberry
plants were grown in 15 L capacity pots in two growing mediums (soil and peat)
with five irrigation water qualities. The soil was analyzed at Ondokuz May1s Uni-
versity, Faculty of Agriculture, Department of Soil Science and Plant Nutrition
(Table 1). The peat used is standard seedling peat with a pH of 6 and 1.5 g fertilizer
per liter (Klasmann TS1°).

Table 1. Characteristics of the soil used in the experiment.

Saturation” Structure pH EC" CaCO,; OM" N P" Ca™ Mg™ K™ N

51 Loamy 7.77 0.32 2.05 2.65 0.08 20.5 3237 1448 041 0.95
0 9%; " (dS m™); 7 ppm; "7 Mek/100g

The effects of 5 different irrigation water qualities such as T-K (control subject,
0.65dS m™), T-2 (2dS m™), T-4 (4dS m™), T-8 (8dS m™) and T-10 (10dS m™) on
chokeberry plants were investigated.

Irrigation water was prepared using three different salt mixtures. For this
purpose, 99% pure MgSO,, 99% pure CaCl,, and 99.5% pure NaCl salts with high
water solubility were used. The required electrical conductivity (EC) value for each
treatment subject was determined in the QBASIC computer program with a Sodi-
um Adsorption Ratio (SAR) <5 and Ca/Mg ratio 1/1. The amounts of salt used per
1L of water according to the application subjects are given in Table 2.
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Table 2. Amounts of salts to prepare 1L of water solution.

EC NaCl MgSO, CaCl,
2dS m* 0.56 0.45 0.31
4dS m™! 0.87 1.75 0.75
8dS m* 150 5.00 1.75
10dS m™* 2.00 6.12 2.50

After harvest, leaf samples were taken for each subject (3 replicates) to determi-
ne the effect of different irrigation water qualities. Leaves were fixed on A4 paper
and scanned into a computer. The areas of the scanned leaves were determined
according to Tunca et al. (2018). The widest part of the leaf base (W) and the
part along the midrib from the tip to the petiole (L) were measured to create a
model. For all treatments, 70% of the data were used for model analysis and 30%
for model validation.

A model for multiple linear regressions (MLR) was constructed to estimate
the leaf area of chokeberry for all irrigation water treatments. Microsoft Office
2015 Excel Package Program was used to create the MLR model. MLR analysis was
performed using irrigation water salinity, leaf width, length, and leaf area values.
Three-dimensional graphs of the estimated models were drawn with the Slide Wri-
te Version 2.0 package program, and the variables’ interactions were determined.

3. RESULTS AND DISCUSSION

Descriptive statistics values of leaf width, length, and area values obtained for
the leaf area estimation model of chokeberry plants grown in the soil medium are
given in Table 3. Leaf width values varied between 1.2 (T-10) and 6.30 cm (T-2)
in training data and between 1.60 (T-8) and 6.7 cm (T-K) in test data. Leaf length
ranged from 2.40 to 9.40 cm in training data and 2.70 to 9.20 cm in test data. The
highest leaf area value was obtained from the control plants, with 46.80 cm? in
training data and 39.25 cm® in test data.
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Table 3. Descriptive statistics of leaf width, length, and area data of chokeberry
plants grown in soil.

Training
Leaf width (W)(cm) Leaf length (L)(cm) Leaf area (LA)(cm?)
Treatment Mean+SD max min  Mean+SD  max min Mean=SD max min
T-K 5.54+1.25 6.27 291 8.65+0.71 9.20 7.20 35.14+5.78 46.80 23.63
T-2 4.69+0.87 6.30 3.49 7.31+1.50 9.40 5.40 27.54+9.03 41.30 17.02
T-4 4.40+1.17 6.27 2.84 7.19+1.30 8.88 4.85 25.20+9.42 38.46 12.06
T-8 2.61+0.65 3.81 1.87 4.19+0.96 5.88 3.14 9.12+4.35 17.82 5.20
T-10 2.31+1.02 4.72 1.20 3.85+1.49 7.31 2.40 8.12+7.25 27.73 3.08
Testing
Leaf width (W)(cm) Leaflength (L)(cm) Leaf area (LA)(cm?)
Treatments Mean+SD max min  Mean+SD  max min Mean+SD max min
T-K 5.41+0.69 6.70 4.78 8.11+0.58 9.07 7.31 30.83+5.58 39.25 22.89
T-2 4.50+1.09 5.80 324 7.58+1.29 9.20 5.79 26.64+8.67 37.40 15.85
T-4 4.17+0.84 5.42 343 6.90+1.34 8.58 5.50 23.11+7.81 34.94 15.96
T-8 2.61+0.71 3.66 1.60 4.64+0.89 5.90 3.20 10.15+4.02 16.42 3.70
T-10 2.24+0.55 3.13 1.70 3.54+0.99 5.16 2.70 6.54+3.48 12.16 3.50

For the plants grown in the peat medium, the lowest leaf width value was ob-
tained in T-10 treatment with 0.96 cm, and the highest leaf width value was ob-
tained in T-K with 8.19 cm in the training data (Table 4). The leaf length value
varied between 3.2 (T-10) and 12.46 cm (T-K). Leaf area ranged from 2.64 (T-
10) to 73.06 cm (T-K).
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Table 4. Descriptive statistics values of leaf width, length, and leaf area data of
chokeberry plants grown in peat.

Training

Leaf width (W)(cm) Leaf length (L)(cm) Leaf area (LA)(cm?)

Treatments
Mean+SD max min MeantSD max min Mean+SD max  min

T-K 6.51£1.02 8.19 4.83 9.56+1.41 1246 691 48.11+12.76 73.06 30.04
T-2 6.06£0.49 7.02 523 8.73x0.70 10.42 8.10 40.35+5.97 53.33 33.59
T-4 5.85+0.90 7.52 4.46 8.28+0.81 943 6.87 37.65+£8.21 52.65 24.56
T-8 3.13£0.78 4.55 1.88 5.36%+1.02 7.66 3.49 13.04+4.54 2290 7.31
T-10 2.40+0.63 3.70 096 4.21+0.48 4.95 3.20 7.92+1.97 10.86 2.64
Testing
Leaf width (W)(cm) Leaf length (L)(cm) Leaf area (LA)(cm?)
Treatments

Mean+SD max min Mean+SD max min Mean+SD max  min

T-K 6.55+0.47 7.12 580 8.95+0.80 9.88 7.78 45.73+7.68 51.65 35.94
T-2 5.60+£0.75 6.44 430 7.53+0.97 859 597 34.81+6.81 42.73 24.08
T-4 5304048 570 4.40 7.62+0.89 8.90 6.34 31.97+£7.27 4225 2021
T-8 2.86+0.53 3.56 233 4.73x1.17 6.04 3.18 10.12+3.26 13.83 7.02
T-10 1.87+0.66 2.68 095 3.19+0.59 3.85 2.20 5.24+2.29 786 191

The relationships between leaf width, length, and area parameters were analy-
zed with three-dimensional graphs for plants grown in the soil (Figure 1) and peat
mediums (Figure 2).
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Figure 1. Relationships between leaf area and leaf width-irrigation water salinity
(a), leaf area and leaf length-width (b), leaf area and irrigation water salinity- leaf
length (c) in aronia plants grown in soil medium.

Figure 2. Relationships between leaf area and leaf width-irrigation water salinity
(a), leaf area and leaf length-width (b), leaf area and irrigation water salinity- leaf
length (c) in aronia plants grown in peat medium.

https:/doi.org/10.7161/omuanajas 1419318 d
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Effect of irrigation water salinity and leaf width on leaf area (Model 1 (Figure
1a, Figure 2a)): In this model, the effect of increasing irrigation water salinity and
plant width on leaf area was determined. Increasing leaf width caused an increase in
leaf area at all irrigation water salinity values in both soil (Figure 1a) and peat (Figure
2a). The highest leaf area value was obtained at low salinity and high leaf width values.

Effect of leaf width and leaf length on leaf area (Model 2 (Figure 1b, Figure
2b)): In this model, the effect of change in leaf width and leaf length on leaf area
was examined. In Figure 1b, leaf area increased with increasing leaf width and leaf
length values in the soil medium. In parallel, the highest leaf area value was obtai-
ned at higher leaf width and length values in peat medium (Figure 2b).

Effect of leaf length and irrigation water salinity on leaf area (Model 3 (Fi-
gure 1c, Figure 2c)): In this model, the effect of change in leaf em and irrigation
water salinity on leaf area was determined. An increase in leaf length leads to an
increase in leaf area at all irrigation water salinity values in both soil (Figure 1c)
and peat (Figure 2c). The highest leaf area value was obtained at low salinity and
high leaf length values.

The leaf area values modeled with MLR were compared with the calculated
values. The prediction graph of the models for chokeberry plants grown in soil
is given in Figure 3, and the predictions for chokeberry plants grown in peat are
given in Figure 4.
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Figure 3. Comparison of leaf area of aronia plants grown in different irrigation water
quality and soil with the values estimated from multiple linear regression analysis.
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When the models created for leaf area estimation were examined, R? values
ranged between 92 and 97% in the soil medium (Figure 3). In the peat medium
(Figure 4), R* values ranging between 95 and 96% were obtained.
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Figure 4. Comparison of leaf area of aronia plants grown in different
irrigation water quality and peat with the values estimated from multiple
linear regression analysis.

The relationships between irrigation water availability and leaf width, length,
and area determined by MLR for chokeberry plants grown in soil and peat media

are given in Table 5.
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Table 5. Relationships between leaf width, length, irrigation water salinity, and
leaf area determined by MLR of chokeberry plant grown in peat and soil medium.

Model 1

Model 2

Soil

Model 3

Relationship between irrigation
water salinity and leaf width with
leaf area

Relationship between leaf width
and leaf length with leaf area

Relationship between leaf length
and irrigation water salinity with
leaf area

LA=-14.201+0.596xEC-0.207=ECxW+9.030:W
SE=(2.68) (0.31) (0.07) (0.51)

R*=0.96

LA=2.86+4.448xW-+0.33x1>-1.496xL.

SE=(1.26) (0.30) (0.03) (0.50)

R=0.99
LA=-19.225+6.376xL-0.168xLxEC+0.919xEC
SE=1(3.22) (0.39) (0.05) (0.37)

R*=0.95

Model 1

Model 2

Peat

Model 3

Relationship between irrigation
water salinity and leaf width with
leaf area

Relationship between leaf width
and leaf length with leaf area

Relationship between leaf length
and irrigation water salinity with
leaf area

LA=-23.155+1.901 xEC-0.58 Ix ECxW+11.166xW
SE=(4.25) (0.46) (0.09) (0.66)

R*=0.96
LA="9.635+2.73xW+0.04x W< L+2.326xL

SE= (1.46) (0.45) (0.004) (0.31)

R*=0.98

LA=-28.945+2.488xEC-0.052x EC*xL+7.727xL

SE=(6.77) (0.98) (0.01) (0.62)

R*=0.94

The performance of the models developed for LA estimation in chokeberry
with L and W inputs is relatively high (Table 5). It is seen that there is no signifi-
cant difference between the calculated and estimated LA values in all models. It
is seen that the values obtained are also consistent with previous studies. In some
horticultural crops, R? values were calculated as 0.9975 in peach (Demirsoy et al.,
2004), 0.993 in strawberry (Demirsoy et al., 2005), 0.988 in chestnut (Serdar and
Demirsoy, 2006), 0.987 in pear (Oztiirk et al., 2019), 0.982 in hazelnut (Cristofori
etal., 2007). Cemek et al. (2020) estimated the leaf area with an accuracy of 0.99-
0.96 (R?) in bell pepper under different irrigation regimes and stress conditions.
Also, they reported that irrigation water salinity caused a decrease in leaf area
(Cemek et al., 2020). In another study, Bozkurt and Mansuroglu (2019) stated that
water restriction applications reduced leaf area in their study. Our results from
coincide with the previous studies that increase in irrigation water salinity caused
a decrease in leaf area.
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4. CONCLUSION

According to the results, the increase in the applied irrigation water salinity
causes a decrease in leaf area. Leaf width, length, and area values of chokeberry
showed changes concerning each other with the applied salt concentrations. Mo-
dels with high accuracy levels were developed to estimate the chokeberry plant’s
leaf area by measuring leaf width and length values without damaging the plant.
The relationship between leaf area, leaf width, and length values for peat and soil
media (model 2) can be used reliably for chokeberry leaf estimation. In this model,
leaf area can be estimated using the equation. This model allows leaf area determi-
nation without the need to measure leaf area in the field with expensive methods
that require more time and effort.
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