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Abstract

It was sought, in this research, to evaluate the effects of fertilizer solutions on water retention by hydrogel as well
as if the application methods and fertilizers affect water retention when the hydrogel is added to the soil. In
laboratory works (experiment 1), the completely randomized design was used taking into account four treatments:
distilled water; Urea (UR — 2.0 g L™1) and Magnesium Sulfate + Monoammonium Phosphate (MS + MAP — 2.0
g L1 each). Regarding the experiment 2, considering soil columns, a 2x3x2 factorial was used, corresponding to
two hydrogel application methods: dry and mixed to the soil or diluted in water and concentrated in the center of
the column; three fertilizer solutions: distilled water, UR (2.0 g L™1) and MS + MAP (2.0 g L™? each) with two
cycles and three repetitions. An additional witness (hydrogel free) was also added. Total water volume absorbed
by hydrogel, volume stored in the soil after each cycle, pH and electrical conductivity (EC) of leached solutions
were all analyzed. The MS solution was the one who impacted the most the water absorption by the hydrogel,
principally when the hydrogel was not present in the soil. The pH and EC of leached solutions evidenced the
fertilizer solutions salinity.
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1. Introduction

Hydrogels are tridimensional polymers chains (Glowinska et al., 2019) composed of various materials, among
which are acrylics, such as acrylamide, acrylic and methacrylic acid (Dabrowska & Lejcus, 2012); lignocellulosic
biomass derivates (cellulose, xylan and lignin); carboxymethylcellulose, starch and SiO; nanoparticles (Kalinoski
& Shi, 2019; Pathak & Kumar, 2017), amongst others. However, acrylic and acrylamide based hydrogels are the
most successfully widespread (Dabrowska & Lejcus, 2012) and affordable to agricultural purposes.

The agricultural application of hydrogels is due to their capacity to absorb and retain water from ten percent to
hundreds of times its dry weight and make it available for plants gradually, forming a gel capable of hydrating and
releasing water for long periods as shown by different researches (Guilherme et al., 2018; Sartore et al., 2013;
Moghadam et al., 2011).

Such characteristic may favor water retention in sandy and/or degraded soils, where less water is available, reduces
crop water deficit and saves water (Pereira et al., 2018; Fajardo et al., 2013; El-Hady & Wanas, 2012; Ruthrof et
al., 2010). Therefore, plant production is favored in semi-arid and degraded areas.

Despite great perspectives about their use, hydrogels may have their water absorption potential reduced when
fertilizers are used along, because of factors such as the interaction between fertilizers ions and polymers, the
solution ionic force, temperature and pH (Glowinska et al., 2019; Azevedo et al., 2006; Johnson, 1984).

Thus, this research seeks to estimate the effects of different fertilizers solutions under the water retention by
hydrogel, in a laboratory exploratory level, as well as evaluating how the hydrogel application methods and
fertilizers affect the water retention when the hydrogel is in contact with the soil.

2. Material and Methods

This work was initially divided into two stages: the first one took place in the laboratory of soils and analysis of
water for irrigation in the Instituto Federal do Ceard (IFCE) (Federal Institute of Ceara), Sobral Campus, which
is located 240 km far from the state capital, Fortaleza. The second part was carried out in a greenhouse, also in
IFCE. The climate, according to Kdppen’s classification, is the BShw’, which declares rains from January to May
and drought along the rest of the year.
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In the first stage, the effects of different fertilizer solutions in the hydrogel absorption capacity were analyzed, all
of them undergoing the completely randomized design (CRD) with four treatments: controlling, with distilled
water; Urea solution (UR — 2.0 g L''"); Magnesium Sulfate solution (MS — 2.0 g L™!) and Monoammonium
Phosphate solution (MAP — 2.0 g L™1), having three repetitions each.

Still in this stage, the fertilizers correspondent to each treatment were diluted in distilled water (in the concentration
0f2.0 g L), and they had, after 20 minutes, their pH and electrical conductivity (EC) measured, using a CG1800
conductivity meter and a pH meter, respectively.

After that, 1.1 L of each solution was added to glass beakers containing 1.0 g of the Forth hydrogel (trade name),
weighed on a FA2104N precision balance. 15 minutes later, enough time for the hydrogel to absorb as much
solution as possible, the mixture was filtered on a 0.0425 mm mesh sieve, the excess of drained solution measured
in a 1.0 L test tube and the volume was subtracted from the initial value (1.1 L) in order to obtain the total volume
of solution retained by the hydrogel.

In the second experiment, the design was a 2x3x2 factorial, which corresponded respectively to two hydrogel
application methods, being in the first the dry mixed hydrogel (dehydrated) in the soil, and in the second, the
hydrogel diluted in water and concentrated in the center of the soil column; three different solutions are: controlling
(distilled water), UR solution (2.0 g L") and MS solution + MAP (2.0 g L' each), with two hydration and
dehydration cycles and five repetitions. Besides that, an additional witness (hydrogel free) was used, where
distilled water was added, thus making up thirty-five treatments.

For the experiment conduction, thirty-five soil columns were set up (using 2.0 L PET bottles), each one containing
700 g of sieved sand collected from the surface layer in an area from the Universidade Estadual Vale do Acarati
(UVA) (Vale do Acarau State University) in Sobral, Ceara. The soil chemical characteristics used were as follow:
pH (water) = 8.0; 487.76 mg kg™ of P; 31.58 g kg'! of M.O.; 13.9 cmol, kg! of CTC; 100% of V; and 11.3; 1.5;
0.665 and 0.435 cmol. kg'! of Ca?*, Mg?*, K* and Na”, respectively, and clay texture class.

In fifteen of those bottles, the soil was mixed with 1.0 g of the (dry) hydrogel. A hole was drilled in other fifteen
bottles that already had soil inside them and, soon after, a hydrogel previously diluted in distilled water was added
in them. The other four bottles received only soil.

A container was placed in each column to collect the drained solution aiming at determining the leached volume
as well as collecting the pH and EC measures.

The fertilizer solutions were subsequently prepared, just like in the first experiment, and they had their pH and EC
measured before their application too. 1.0 L of the solution was added in each column in the first cycle, whereas
0.7 L was added in the second cycle after twenty-seven days.

After twelve hours that the solutions had been applied, the drained volume from each one of the columns was
collected and measured in a 500 ml test tube. The pH and EC of each sample were then determined. To determine
the solution volume stored in the soil, the total solution value added in each cycle was subtracted by the value
drained.

All of the analyzed parameters underwent an analysis of normality and later an analysis of variance (ANOVA). In
reason of the meaningfulness by the F test, the data of both experiments were analyzed taking into consideration
the Tukey test (5%). The data of the second experiment were yet submitted to the Dunnett test at a 5% probability
level (bilateral) with the objective of evaluating the additional witness. All the statistical analyses mentioned here
were carried out with the aid of the software Assistat.

3. Results and Discussion

The data of the hydrogel absorption capacity added to the fertilizer solutions were statistically different (p >1%),
being the magnesium sulfate solution in a concentration of 2 g L' the one that affected the most its absorption,
since it promoted the hydrogel total swelling with only 34 ml of the solution per gram (g) of polymer (Figure 1),
what represents an average increase of only 34 times its dry weight.

The MAP solution affected negatively the hydrogel absorption capacity too, which caused the absorption of only
177 ml of solution per g of hydrogel (Figure 1). This value corresponds to an increase of 177 times its dry weight,
being 216 times lower in comparison to the controlling treatment, which used distilled water and whose absorption
was 393 ml per g of the hydrogel.

Urea, among the fertilizers, was the one that affected the less the hydrogel capacity to absorb water. It made
possible the increase of 353 times its dry weight and did not differ statistically from the controlling treatment
(Figure 1), despite in absolute terms, the latter showed better results.
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Figure 1. The volume of water absorbed by the hydrogel added of different fertilizer solutions
Note. MAP= Monoammonium Phosphate.

The negative effect on the absorption capacity of hydrogel with the application of sulfate solutions was yet
observed by Azevedo et al. (2006), Bowman et al. (1990) and Johnson (1984). For the magnesium sulfate applied
in the same concentration used in the experiments, Azevedo et al. (2006) found a 32.9 g g'! retention, which is
close to the value found in the experiments.

According to these authors, the salinity of the solution is what explains this effect, since the electrical conductivity
of the hydrogel solution plus fertilizers tested by them was 2.4 mS cm!, higher than that observed in distilled water
(controlling treatment) that was close to zero. In this study, only the EC of the fertilizers solutions verified, before
being mixed with the hydrogel and, even so, the EC values were 1.74 and 0.004 mS cm™!, for the magnesium
sulfate solution and distilled water, respectively, indicating that there was an increase in salinity with the addition
of the fertilizer.

In addition to it, after 24 hours of swelling with distilled water, the maximum retention was 287.2 g for each g of
the dry hydrogel, which is lower than the value found in the experiments for 15 minutes after the swelling. Such a
result is possibly due to the differences in product manufacturing since they are from different brands.

The fact of the solution salinity be the principal reason for the reduction of the volume absorbed by the hydrogel
can be explained by the interference of salts in crosslinking level (from acrylic acid) that are responsible for
keeping the long acrylamide chain together and determine the polyacrylamide behavior, so that the more
connections there are, the greater the reduction in water retention capacity (Wang & Gregg, 1990).

Regarding MAP and urea, the studies of Bowman et al. (1990) showed that hydration of commercial
polyacrylamide polymers with anions of any valence and urea do not interfere in their water absorption capacity,
unlike what occurs for the mono and divalent cations Ca?", Mg?* and K* and NH**, respectively. This was verified
during this work, urea solution did not affect water absorption by hydrogel, although the opposite occurs for the
solution with MAP, which is disassociated when in contact with the anion phosphate (PO47). It is worth noting
that in the composition of MAP, there are ammonium cations (NH4") that may be responsible for the reduction of
water absorption by the hydrogel to the detriment of the phosphate anion.

The results cited above suggest that the addition of hydrogel without fertilizers provides greater water retention
than when it is added with fertilizers. Nevertheless, the use of urea and anionic fertilizers can be prioritized to the
detriment of those which are cationic.

It is important, however, that fieldwork is conducted, since when on the ground, other factors are active and may
demonstrate different results as will be noted below.

For the second experiment, the analysis of variance presented in Table 1 showed, in the case of the volume of
solution stored in the soil, a significant effect only of the cycle alone.

For pH and EC, there was an isolated effect for fertilizer solutions and cycle as well as the interactions between
the factors: fertilizer solutions and cycle, in the case of pH and EC, and for the interaction: application method x
cycle, in the case of pH. There was also statistical significance between the additional witness and the other
treatments, both for pH and EC.

28



enrr.ccsenet.org Environment and Natural Resources Research Vol. 10, No. 2; 2020

Regardless of the hydrogel application method and the solutions applied, the volume stored in the soil was lower
in the second cycle, with an average difference of 26.8 ml per treatment (Figure 2A).

For the EC of drainage solutions, it was observed that in both cycles, larger EC was observed in the soils added of
magnesium sulfate solution + MAP. Differences also occurred between the EC of the first and second cycle, in the
treatments with distilled water and MS + MAP solution (Figure 2B), and for the treatments added of MS + MAP
solution occurred the increase of the EC from 1.3 to 1.9 mS cm’!, while for distilled water occurred the reduction
of the EC in the second cycle.

Table 1. Analysis of variance (ANOVA) for the volume of solution stored in the soil, pH and electrical conductivity
(EC)

Average Square

Variation Sources GL
Drained Vol. pH EC
Application Method 1 3920,4167 ns  0,0005 ns 0,0193 ns
Fertilizers 2 4666,2500 ns 13,6680 ** 08,2079 **
Cycles 1 10800,4167 * 8,3701 ** 00,1471 **
Application Method x Fertilizers 2 145,4167 ns 0,1661 ns 0,0366 ns
Application Method x Cycle 1 70,4167 ns  0,7370 *¥* 00,0249 ns
Fertilizers x Cycle 2 3252,9167 ns  3,3223 ** 00,9541 **
Application Method x Fertilizers x Cycle 2 1545,4167 ns  0,0821 ns 0,0337 ns
Factor x Additional Treatment + Controlling 1 8104,8214 * 0,0019 ns 1,5193 *ok
Additional Treatment x Controlling 1 810,0000 ns 3,0360 ** 0,1567 **
Treatments 13 3302,0055 3,5864 ** 1,5640 **
Residue 56 1792,3214 0,0633 0,0132
Total 69
CV (%) 11,7 34 14,1
Note. GL=grau de liberdade
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Figure 2. Stored volume x cycle (A); Fertilizer solutions x cycle (B); Hydrogel application method x cycle (C)
and fertilizer solutions x cycle for the pH of solutions drained from the soil columns (D)

Note. MS+MP= Magnesium Sulfate + Monoammonium Phosphate.
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For the pH in the first cycle, higher values occurred in the treatments that the hydrogel was diluted and concentrated
in the center of the soil column, while in the second cycle occurred just the contrary. In the second cycle, the pH
values were higher than in the first cycle, regardless of how the hydrogel was implemented in the soil (Figure 2C).

The drained solutions pH was the lowest in treatments that used magnesium sulfate + MAP and the highest in
those that used distilled water. In general, the pH of the solutions was higher in the second cycle (Figura 2D).

The data obtained in this research suggest that the addition of hydrogel in the soil did not affect significantly the
water retention. The results differ from some studies such as the ones of Pereira et al. (2018) and El-Hady et al.
(2012), who used hydrogel in the soil in the crop of bean and tomato, in this order. It is worth mentioning that such
divergences may be the result of different factors, among which are: the type of the soil and the dose of hydrogel
applied. In their cases, the soils are sandy and the dosages that made possible relevant were higher than 1.4 g L',
different from the soil used for this work, which has a clayey texture and a high level of organic matter.

Results similar to these were also observed as in the studies of Pontes Filho et al. (2018), who during the analysis
of the establishment of seedlings in Tamboril in two light levels and ten hydrogel dosages (ranging from 0.0 and
6.0 g L") found the above-ground dry weight to increase from the 2,0 g L' dosages under the sunlight and it was
concluded that even though there was a response from the species to the hydrogel dosages, the benefits of polymers
did not get so clear in the conditions that the study was carried out.

The high EC in the drainage solutions in treatments containing MS + MAP is due to the high salinity of the solution
added to the soil. However, the increase of the EC in the second cycle must be the result of the driving of the soil
ions, since the magnesium sulfate is dissociated in anions of SOs~ ¢ Mg?" and the MAP has the ammonium ion in
its composition (NH4"), which is changed into nitrate (NO53") under biological action.

Considering the richness of basic cations in the analyzed soil (observed in the chemical analysis of the soil), greater
leaching of nutrients occurred, especially in the second cycle, when nitrate concentrations were possibly higher.
Ros et al. (2017) corroborates such affirmation when he mentioned in his article that ammonium concentration
levels decreased and got close from 0 to 7 in 21-days cultivation of cedar and such decrease matched the increase
of nitrate concentration levels.

Nitrate, just like the sulfate, may be used as accompanying ions for basic cations present in the soil solution,
making its leaching easier. On the other hand, in the treatment using distilled water, whose EC is found to be low,
this ion leaching is not favored, especially as the cycles go by.

The pH data of the leached solutions correlate with those of the EC, in a manner that the added treatment of the
MS + MAP solution also presented a lower pH, as well as the treatment with urea in the second cycle. This is again
the result of the N transformation in the soil, since, during the transformation from ammonium to nitrate, the
release of four H+ occurs, resulting in the acidification of the medium. In the case of urea, however, the same also
happens in a second stage.

In the first stage, urea is changed into ammonium by the remotion of ions H* from the solution and later release
them doubled in the nitrification reactions (Gargantini & Catani, 1957). This explains the increased pH in urea and
MS + MAP treatments when compared to the one with distilled water.

In the case of the additional witness (hydrogel free), it was generally found that the pH and EC did not differ from
the treatments containing hydrogel that received distilled water or from the treatments with a diluted and
concentrated hydrogel that received the urea solution.

This result is consistent with the previous ones that showed the greatest influence of MS + MAP in the EC and pH
of the leached solution, especially when the hydrogel was concentrated and thus had less contact with the solution
added to the soil.

4. Conclusions

Magnesium sulfate and monoammonium phosphate solutions negatively reduced the hydrogel capacity to absorb
water.

When hydrogel is added to the soil, its water absorption efficiency is reduced regardless of the fertilizer solutions
added.

Changes in pH and EC of leached solutions evidenced the salinity of fertilizer solutions.

Therefore, it is important that more researches are conducted using higher volumes of soil and more polymer
dosages so that the effects of the fertilizers can be better estimated under water retention when the hydrogel is in
contact with the soil.
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