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ABSTRACT

In this study, the usability of super absorbent polymers (SAP) and
its effects on water consumption, irrigation and labor costs and
plant growth in ornamental plant cultivation were investigated by
using Euonymus japonicus 'Aureomarginatus,’ peat, river sand,
and Wesoorb branded SAP. For a period of 152 days, the growth
of the control groups without SAP and experimental groups with

was determined that SAP balanced the moisture of the medium
with a controlled release and decreased the water stress in the
plant and differentiated the root structure. The use of SAP in
Euonymus japonicus ‘Aureomarginatus’ cultivation reduced
water use by 45% on average and labor costs by 48% on average.
It was observed that SAP can be used in ornamental plant
cultivation and will decrease production costs.

SAP was monitored, and the obtained results were compared. It
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1. Introduction

First synthesized in the United States towards the late 1950s, super absorbent polymers (SAPs) entered into
industrial use in Europe and Japan in the 1970s (Trijasson et al 1990). Owing to their crosslinks, SAPs are insoluble
in water, and can absorb 10 to 1.000 times their weight in water, saline water or physiological liquids (P6 1994;
Bhagat et al 2016). Their areas of use include diapers and disposable underpads (Trijasson et al 1990), wastewater
treatment (Dhodapkar et al 2007; Bhagat et al 2016), hygienic products, sensors (Chen et al 2004), the
pharmaceutical and drug sector (Mo et al 2006), the food sector (Casquilho et al 2013; Bhagat et al 2016),
bioengineering (Bai et al 2013), biomedical technologies (del Valle et al 2017; Chatterjee et al 2018), and
agricultural technologies (Mo et al 2006; Moslemi et al 2011; Bai et al 2013).

Potassium-containing polyacrylic- and polyacrylamide-based SAPs are widely used in agricultural applications
(Ekebafe et al 2011; Moslemi et al 2011). Studies into SAP have investigated its ecotoxicological effects, revealing
no toxic effect on water and soil (Madakbas et al 2014; Bhagat et al 2016). In contrast, it has been reported that a
controlled application could improve or control microbial activity (Li et al 2014). Previous studies have suggested
that SAP can accelerate plant growth by promoting fertilizer retention (Ismail & Kuyulu 2003), and that a plant’s
level of interaction with its environment varies according to the quantity of administered SAP, which in turn
increases product yield by reducing water-based stress (Sayyari & Ghanbari 2012). It has been also reported that
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SAP increases plant diameter, size, leaf number and leaf width; boosts shoot formation and root growth; and
extends plant lifespan (Rugin et al 2015; Souza et al 2016). Its use on seeds normally involves covering seeds with
SAP or germinating them within SAP, while use on plant roots involves application of SAP in gel form (Madakbas
et al 2014). In the literature reviews, it was determined that the studies were generally carried out on fruit and
vegetable cultivation (Madakbas et al 2014) and increase of product yield (Sayyari & Ghanbari 2012), similar
studies have been conducted on ornamental plants such as tropical ornamental plants (Wang 1989), coarse-
structured garden plants (Fonteno & Bilderback 1993), Cupressus arizonica (Koupai & Asadkazemi 2006), tree
seedlings (Orikiriza et al 2013), ornamental Salvia species (Ljubojevi¢ et al 2017), but there is no study conducted
on Euonymus japonicus which is frequently used in plant design applications (Giil et al 2006; Eren & Var 2016)
and has high water needs (Giil et al 2006).

In this study, it was aimed to investigate the effects of SAP usage on water consumption, irrigation and labor
costs, plant shoot and root growth in Euonymus japonicus ‘Aureomarginatus’ cultivation environment. For a
period of 152 days, the growth of the control groups without SAP and experimental groups with SAP was
monitored, and the results were compared to determine the effects of SAP on water usage, costs, and plant growth.

2. Material and Methods
2.1. Preparation of materials and samples

The peat and Euonymus japonicus ‘Aureomarginatus’ used in the study trials were commercially supplied by
Goker Agriculture (Yalova, Turkey), while the Wesoorb-branded SAP was supplied by Ecotech Co. Ltd. (Izmir,
Turkey). For each pot, Wesoorb-branded SAP in powder form was manually added to peat or river sand in the
quantities indicated in Table 1 and mixed thoroughly to ensure equal distribution. Euonymus japonicus
‘Aureomarginatus’ seedlings were planted in 1.5 L flowerpots taking into account the maximum water holding
capacity of SAP and leaving a 20% irrigation gap from the top surface, and they were labeled and taken into the
greenhouse environment. HUBO-branded UX100-003 temperature and humidity dataloggers (temp/RH loggers)
placed at different points provided continuous monitoring of the temperature and humidity in the greenhouse.

Table 1- Parameters used in the study

Code Peat River sand SAP Number of
() () () plants
R-1 1.200 - - 45
R-2 - 1.200 - 45
TS-1 1.200 - 0.8 45
TS-2 1.200 - 1.0 45
TS-3 1.200 - 12 45
KS-1 - 1.200 0.8 45
KS-2 - 1.200 1.0 45
KS-3 - 1.200 12 45

2.2. Characterization

The IR spectrum of the SAP additive in pellet form was taken at room temperature using a Perkin EImer Spectrum
100 FT-IR device, with the aim of determining the groups attached to the monomer units. An Olympus BX51M
optical microscope was used to measure the particle size of the SAP additive so as to determine average particle
size and surface morphology. The determination of the water retention capacity (Q) of SAP, as well as the
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absorption test (Bakass et al 2002; Ismail & Kuyulu 2003; Bai et al 2013) and the desorption tests (ismail &
Kuyulu 2003; Mo et al 2006; Bai et al 2013) of peat and sand were all carried out as described in literature.

The level of moisture of the cultivation medium was measured daily with a Tartes Decagon-01-branded digital
soil moisture meter. After planting, the pots were weighed, and their initial conditions were recorded. At first,
irrigation was performed from the top in a way to wet the entire surface of the soil in order to determine the water
holding capacity of the medium. At the point when the water started to flow through the drainage holes, irrigation
was stopped, and the pots were weighed again. By using similar studies in the literature (Ismail & Kuyulu 2003),
the maximum water capacity that the soil can hold without drainage was determined by comparing the measured
weight with the initial weight. Similarly, to the study carried out by Gao et al (2013), different ratios of water
between 20% and 25% of the volume of the root medium, 500 mL for each pot, was given for the formation of
adequate drainage and for determining the amount of irrigation (Connellan 2002; Gao et al 2013; Varig 2017). An
attempt to determine the optimum amount of irrigation was made by performing drainage measurements and
weighing the pots.

The seedling size and dry root weight measurements performed before planting were repeated at one-month
intervals, to monitor plant growth on a monthly basis. The plants were pruned at the end of the second and fourth
months, and the pruned plant parts were weighed on a precision scale to determine the effect of SAP on shoot
formation.

2.3. Calculation of costs

Formula number 1 was used in the calculation of the total amount of water used (TW) depending on the amount of
water used in irrigation (W) and the number of irrigation repetitions (Q) by determining from drainage
measurements. While the cost of water used (WP) was calculated from formula number two, irrigation labor costs
(LC) and total cost (TC) were calculated from formulae number three and four, respectively. The unit water prices
for public institutions of Yalova Municipality (UP) were used as a basis in the calculation of WP. The seasonal
worker wage (dLC) depending on the number of days worked was used in the calculation of LC. The studies of
Ahmed et al (2013), Kim et al (2015), Kumar (2015) and Landscheidt & Kans (2016) were used for the formulae
used in cost calculations.

TW (L)=W (L) x Q (1)
WP ()= TW (L) x UP (#/L) @)
LC (£)= Q x dLC () 3
TC (5) = WP () + LC (%) (4)

The amounts of savings in labor costs and water usage were determined by proportioning the data obtained
from the control group to the data obtained from the experimental group. The results obtained from cost
calculations were compared with the results of similar studies in the literature (Nnadi 2012; Madakbas et al 2014;
Bhagat et al 2016).

3. Results and Discussion
3.1. FT-IR spectrum

Figure 1 shows the IR spectra of the acrylamide and potassium acrylate copolymers. The peak observed at the
1691 cm* wavelength corresponds to the hydrogen bond made by an NH2 group in the acrylamide structure (Chen
et al 2004). The peaks between 1400 cm™ and 1600 cm™ are possibly stretching vibrations associated with CH,.
The peaks near the 1100 cm™ wavelength correspond to C=0 bond stretching in the carboxyl acid structure. The
aliphatic C-H stretching vibrations within the structure are observed between the 2700-2929 cm™ wavelengths
(Durukan 2007). The IR data suggests that the monomeric units are bonded in a graft copolymer arrangement
(Chen et al 2004).

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences 26 (2020) 201-211 203



Use of Super Absorbent Polymers with Euonymus Plants (Euonymus japonicus ‘Aureomarginatus’)..., Karagoz & Yicel

101.15
101.10
101.05
101.00
10095
= 100.90
=
100.85
100.80
100.75

100.65

100.60

1092
100.55 1551

100.50
3912 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600

‘Wawenumber (cm-1)

Figure 1- IR spectra of acrylamide and potassium acrylate copolymer

3.2. Optical microscope examination

The average particle size of SAP, whose optical microscope image is shown in Figure 2, was calculated as 150 p.
The particle sizes varied between 80 and 250 p, and this variation is assumed to have an effect on water retention
capacity. Trijasson et al (1990) described similar results in their study.

200 pm

Figure 2- Stereomicroscopy image of particles
3.3. Characterization of the SAP additive

The water retention capacity of SAP when dry was found to be 250 times its weight, while its water absorption
speed was 8-15 minutes. Absorption occurred rapidly during the first eight minutes, reaching a steady pace in
approximately 40 minutes. The SAP absorption graph and desorption graph are presented in Figures 3.a and 3.b,
respectively. The soil contraction that formed depending on the SAP ratio and water loss resulted in a pressure on
SAP that accelerated the rate of desorption. Ismail & Kuyulu (2003), Mo et al (2006) and Bai et al (2013) described
similar results in their study.
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Figure 3- a) SAPs Absorption and b) SAPs Desorption graph
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The medium designated as TS-3 had the longest intervals between watering, with 22 days between each
watering, while the medium designated as R-2 had the shortest interval, with six days between each watering. The
SAP ratios, the watering intervals according to the cultivation medium, and the amounts of water used over the
152 days are shown in Table 2.

Table 2- The amount of water used in the study
Interval between Number of Amount of water

Code each watering watering used

(d) (mL)
R-1 10 15 5.000
TS-1 17 9 3.200
TS-2 20 7 2.600
TS-3 22 6 2.300
R-2 6 25 8.000
KS-1 9 16 5.300
KS-2 11 13 4.400
KS-3 14 11 3.800

3.4. Determination of water holding capacity and the amount of irrigation water

Water holding capacity without drainage was calculated to be 240 mL for turf and 108 mL for sand. It was observed
that similar results were obtained with the calculations made by Connellan (2002). It was determined that the
amount of 300 mL irrigation water, which is 25% of the total root media, provided adequate drainage in the pot
and was the ideal amount of water to be used in irrigation periods. The results obtained from drainage
measurements were observed to be consistent with the studies aimed at determining the adequate amount of
drainage in pot plants (Varig 2017).

3.5. Humidity measurement results

Relative humidity inside the greenhouse was 55-60 percent in the morning and 90-95 percent at night, while the
average temperature values were 25 °C in the morning and 17 °C at night.

The daily soil moisture measurements showed that the water absorbed by SAP - depending on the time, ambient
temperature, evaporation and soil moisture loss - is later released, ensuring that the soil remains moist (Ismail &
Kuyulu 2003; Casquilho et al 2013). In a peat-based medium, SAP formed tiny islets that provided humidity by
releasing previously absorbed water at a balanced rate. The structure of peat ensured that the medium stayed humid
for longer periods. In the sandy media, the sand particles carried the water absorbed by SAP into the medium. It
is thought that the speed at which water is carried in a sandy medium affects its ambient humidity, and that this
leads to greater humidity loss when compared to the fully peat medium (Chen et al 2004). The soil humidity
measurement results, which were taken daily and determined using weighted averages, are given in Table 3. The
results indicate that humidity, which has an important effect on the environment/medium, can be controlled by
using SAP; that SAP will prevent the unnecessary use of water to ensure the effective use of irrigation systems;
and that the environment/medium has a significant effect on humidity. Chen et al (2004) and Souza et al (2016)
reported similar results in their study.

The increased addition of SAP to a peat-based medium decreased the level of humidity within the medium,
while adding more SAP to a sand river-based medium increased the level of humidity within the medium. The
decrease in humidity in the peat medium was related to the water retention capacity of peat, with the water held
inside the peat being absorbed by the SAP. On the other hand, adding SAP to a sandy medium resulted in the
medium remaining more humid, depending on the amount of SAP used (Chen et al 2004). Measurements
performed after irrigation indicated that the SAP allowed both types of medium to remain humid for longer. The
peat medium remained humid for longer, despite watering at greater time intervals.

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences 26 (2020) 201-211 205



Use of Super Absorbent Polymers with Euonymus Plants (Euonymus japonicus ‘Aureomarginatus’)..., Karagoz & Yicel

Table 3- Moisture content of soil

Moisture content of soil (%)
Day (d) R-1" TS-1" TS-2" TS-3" R-2" Ks-1" KS-2" KS-3"

1 37.42 38.1° 37.82 37.52 22.0° 22.5° 23.0° 24.42
2 34.82 36.82 36.7¢ 36.6° 18.4¢ 20.5° 21.22 23.1°
3 32.6° 35.4° 35.62 35.7¢ 14.7° 17.42 19.5 21.72
4 29.84 33.9° 34.6° 34.72 11.12 16.6° 17.6° 20.1°
5 27.40 32.5° 33.52 33.84 7.1° 14.7¢ 15.82 18.9¢
6 24.7° 31.1° 32.5° 32.9 3.82 12.6¢ 13.92 17.5¢
7 21.9° 29.8¢ 31.44 31.9° - 10.7° 12.1d 16.02
8 19.6¢ 28.4¢ 30.3¢ 31.14 - 8.8¢ 10.42 14.7¢
9 16.7f 26.9° 29.40 30.22 - 4.7¢ 8.6¢ 13.3¢
10 14.42 25.5¢ 28.32 29.22 - - 6.82 11.9°
11 - 24.1° 27.14 28.3¢ - - 5.2¢ 10.5¢
12 - 22.7° 26.2° 27.4° - - - 9.12
13 - 21.3¢ 25.0° 26.5¢ - - - 7.7¢
14 - 19.9¢ 23.9° 25.5° - - - 6.3¢
15 - 18.5f 22.94 24.6° - - - -

16 - 17.0° 21.7% 26.72 - - - -

17 - 15.52 20.5° 22,74 - - - -

18 - - 19.6° 21.8° - - - -

19 - - 18.4¢ 20.9¢ - - - -

20 - - 17.6° 19.9¢ - - - -

21 - - - 19.0¢ - - - -

22 - - - 18.2¢ - - - -

*, P<0.05; numbers in the same column with the same letter are not significantly different

3.6. Effects on plant shoot development

During planting, the average plant size was measured as 11 cm. A graph indicating plant size growth, based on
measurements performed in succeeding months, is shown in Figure 4. The shoot size measurements made in the
first month in both the control and trial groups gave higher values when compared to the following months. This
is believed to have stemmed from the plant’s transition from the seedling medium to the richer and larger
cultivation medium, and also from the fact that this period coincided with the start of the vegetation period. A
comparison of the control and trial groups revealed that plants in the SAP-added media exhibited greater total size
growth than those in the control groups. This observation can be explained by the balanced humidity that SAP
ensured in the medium until the next irrigation time, which reduced plant water stress and promoted plant growth
(Chen et al 2004; Casquilho et al 2013).
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Figure 4- Plant height development chart (*P<0.05)

206 Tarim Bilimleri Dergisi — Journal of Agricultural Sciences 26 (2020) 201-211



Use of Super Absorbent Polymers with Euonymus Plants (Euonymus japonicus ‘Aureomarginatus’)..., Karagoz & Yicel

In both growth media, an increasing quantity of SAP resulted in increased plant size. The best size growth was
obtained in the peat media with SAP added. On the other hand, the level of plant growth in river sand media with
SAP was similar to the one observed in the peat media without SAP. SAP added to river sand promoted plant
growth by maintaining the absorbed water within the medium and preventing rapid evaporation (Moslemi et al
2011).

An effect similar to the one on shoot size was also observed on shoot growth density, which is measured based
on shoot size, number of shoots and stem thickness. The size, biomass weight and growth density of the pruned
plant parts are presented as a graph in Figure 5. The best growth density was seen in the trial group designated TS-
3, and plant growth in the peat+SAP cultivation medium was generally measured as being better when compared
to the river sand+SAP medium. Growth density in the trial groups was higher than in the control groups. In both
types of cultivation media, the higher the addition of SAP, the higher the plant growth density was (Li et al 2014).
Compared to the control samples, SAP addition accelerated plant growth without altering the plant growth balance.
The fact that the plant growth density remained the same despite the increase in plant size, leaf and shoot number,
and in the biomass of pruned plant parts suggested that the plants’ growth remained controlled and balanced. This
is further confirmed by the fact that in both the control and trial groups, the growth density at the end of the second
and fourth months were at the same levels as in the preceding months. The humidity balance also affected plant
growth, with higher levels of humidity that lasted longer resulting in higher plant growth density (Casquilho et al
2013).
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Figure 5- Height, weight and development ratios after pruning

3.7. Effects on plant root development

The average pre-planting root weights of the seedlings was 8.5 g. Figure 6 shows the five-month development of
root weight. The monthly measurements revealed that the intervention group had a higher dry root weight than the
control group. Euonymus japonicus plant roots in a peat medium were less numerous yet thicker when compared
to the sand medium, while roots in the sand medium were more numerous yet thinner compared to the peat
medium. This suggested that the sandy medium caused the plant to form more roots in different directions in order
to reach water (Figure 7). The data presented in Figure 6 and Figure 7 show that while SAP had an effect on
rooting, actual root formation varied according to the type of medium and the amount of SAP (Sayyari & Ghanbari
2012).
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Figure 6- Monthly dry root weight chart of the trial and control groups (*, P<0.05)

Figure 7- Root formation according to the type of medium and the amount of SAP
3.8. Calculation of labor costs

Irrigation and labor costs are presented in Table 4. When turf and SAP were used together, the average savings of
46% and the average savings of 51% were achieved in water usage and labor costs, respectively. When river sand
and SAP were used together, there was an average reduction of 44% in water usage and an average reduction of
47% in labor costs. It was also stated by Nnadi (2012), Madakbas et al (2014) and Bhagat et al (2016), that the
irrigation of plants based on certain periods reduced labor costs and water usage by 30%-50% when SAP was
used.
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Table 4- Comparison of irrigation and labor costs

Code Labor Cost Labor Cost-saving Water cost ~ Water-saving Total cost
(TL) (%) (TL) (%) (TL)
R-1 1.500 - 40.40 - 1.540.40
TS-1 900 40" 25.85 36" 964.65
TS-2 700 53" 21.00 48" 725.85
TS-3 600 60" 18.60 54* 621,00
R-2 2.500 - 64.65 - 2.518.60
KS-1 1.600 36" 42.85 34" 1.642.85
KS-2 1.300 48" 35.55 45" 1.335.55
KS-3 1.100 56" 30.70 52" 1.130.70

*, calculated by proportioning the data from the control group with the data from the trial group
4. Conclusions

This study based on the Fuonymus japonicus ‘Aureomarginatus’ demonstrated the significance of the use of SAP
within the cultivation medium in ensuring and maintaining balanced humidity. Depending on the amount of SAP
used, the amount of water retained in the medium increased, along with the shoot formation ratio and root
development. SAP was thus found to be usable in the cultivation of ornamental plants. Depending on the
cultivation medium and the amount of SAP, SAP use resulted in an average decrease in water use of 45%, and an
average decrease in labor costs of 49%.
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