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Abstract

Brazil is the fourth largest grain producer in the world. Its agriculture is mainly rainfed, with two
cropping seasons per year. While the first crop (i.e., spring/summer) receives greater precipitation,
the second crop (i.e., autumn/winter) is associated with greater risk of crop failure mainly due to the
low rainfall, suggesting that technologies that could optimize water use during that period are needed.
Superabsorbent polymers (SAP) are used in the forestry sector to reduce seedling mortality and the
frequency of irrigation of eucalyptus and pinus glue owing to their ability to increase water storage
capacity in the soil. However, to our knowledge, very little is known about the use of SAP in annual
agricultural crops. To this end, the effects of SAP, as a seed coat or applied in the planting grooves, on
the initial development of sorghum seedlings under conditions of water deficit were evaluated in two
experiments under greenhouse conditions. In experiment 1, sorghum seeds with and without SAP coating
were seeded in trays and subjected to three irrigation intervals to induce water deficit. The percentage
of emergence and emergence speed index were evaluated and, at 26 days after sowing, seedling height,
number of leaves per plant, survival rate, and dry mass of shoot and root were evaluated. In experiment 2,
the seeds of sorghum with and without SAP coating were sown in pots, with SAP applied in the planting
grooves. At 30 days after sowing, the plant stand, number of leaves per plant, plant height, and dry matter
mass of leaves, stem, and root were evaluated. The results showed that SAP applied both as a seed coat
and in planting grooves increased seedling growth and dry mass of aerial parts at 26 days and 30 days
for experiments 1 and 2, respectively. In addition, seed coating with SAP increased plant survival rate,
but reduced the rate of seedling emergence in both experiments. Therefore, the use of SAP as a seed coat
or applied in the planting groove has beneficial effects on the vegetative development of sorghum under
low water conditions. Further research is needed to address the effect of SAP on seedling emergence.
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Resumo

O Brasil ¢ o quarto maior produtor de graos no mundo. Sua agricultura ¢ baseada em cultivos de
sequeiro, com duas safras por ano. A segunda safra ¢ a mais afetada, por estar associada a maiores
riscos climdticos, principalmente pela baixa pluviosidade nos meses de janeiro a abril. Nesse sentido,
tecnologias que otimizem o uso da d4gua podem reduzir os riscos de quebra de safra. O uso de polimeros
superabsorventes (PSA) vem sendo consolidado no setor florestal, visando reduzir a mortalidade de
mudas e a frequéncia de irrigagdes de pegamento de eucalipto e pinus devido ao aumento da capacidade
de armazenamento de 4gua no solo. Entretanto, ndo ha relatos sobre o uso do PSA em culturas anuais. O
objetivo deste trabalho foi avaliar o efeito do PSA como revestimento de sementes e no sulco de plantio
no desenvolvimento inicial de plantulas de sorgo sob condi¢des de déficit hidrico. Foram conduzidos
dois experimentos em casa de vegetacdo. No experimento 1, sementes de sorgo com e sem revestimento
com PSA foram semeadas em bandejas e submetidas a trés intervalos de irrigacao para induzir déficit
hidrico nas plantulas. Avaliou-se a porcentagem de emergéncia e o indice de velocidade de emergéncia
e, aos 26 dias apds a semeadura, foram avaliadas a altura de plantulas, nimero de folhas por planta,
taxa de sobrevivéncia e massa seca da parte aérea e da raiz. No experimento 2 foram semeadas em
vasos sementes de sorgo com e sem revestimento com PSA e também a aplicagdo do PSA no sulco de
plantio, a fim de avaliar o uso e o método de aplicacdo do PSA. Aos 30 dias ap6s a semeadura avaliou-
se o estande de plantas, numero de folhas por planta, altura de plantas e massa de matéria seca das
folhas, do colmo e da raiz. Observou-se que o uso do PSA aplicado tanto via revestimento como no
sulco de plantio, contribuiu para que as plantulas tivessem maior crescimento e massa seca de parte
aérea. Além disso, as plantulas cujas sementes foram revestidas com PSA apresentaram maior taxa de
sobrevivéncia. Entretanto, em ambos os experimentos, as plantulas oriundas das sementes revestidas
com PSA apresentaram menor indice de emergéncia. Logo, o uso do PSA no revestimento de sementes
e no sulco de plantio apresenta efeitos benéficos no desenvolvimento vegetativo do sorgo sob déficit
hidrico. Contudo, os problemas relacionados a emergéncia precisam ser resolvidos para viabilizar a
utilizagdo do produto.

Palavras-chave: Déficit hidrico. Hidrogel. Revestimento de sementes. Sorghum bicolor L. Moench.

Introduction

The world’s demand for food, fiber,
bioenergy is projected to increase in the coming
decades, as a result of the increase in the world
population and improvement of the purchasing
power in emerging countries (GILBERT, 2010). On
the other hand, these projections are confronted with
forecasts of possible global warming, with risks
of loss of agricultural areas due to desertification,
and increases in extreme climatic events such as
prolonged droughts (STRECK; ALBERTO, 2006).
This potentially presents a huge challenge for
mankind, especially regarding food production,
because water is the main component of living
organisms and is a major limiting resource for crop
production (MUELLER et al., 2012).

and

Brazil is the fourth largest grain producer in
the world (USDA, 2016). Approximately 96% of
this production is not irrigated and depend only on

the rainfalls (PAULINO et al., 2011). In addition,
in the main grain-producing regions, two crops
are common: one in the spring/summer (receiving
greater precipitation), and the other in autumn/winter
(receiving less precipitation) when production is
more affected by low water conditions. Typically,
the autumn/winter cropping season is associated
with lower rainfall volume and longer intervals
between precipitation, low temperatures (i.e. frost),
reduction of both solar radiation and day’s length,
thereby presenting greater risks to producers. In
this season, crop failure is often mainly due to low
precipitation during the seedling emergence and
crop establishment phase (BORGHI et al., 2014).

Strategies that enhance water retention in soil,
and thus minimize the risk of crop failure at the
establishment phase, include no-tillage farming,
terracing and level cultivation. In addition, replacing
crop varieties or species with higher water demand
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such as maize (Zea mays L.) with those with a
relatively low water demand such as sorghum
(Sorghum bicolor L. Moench) are potential solutions
in regions with higher probability of rainfall deficit.
Nonetheless, these strategies do not guarantee
satisfactory emergence and initial development of
seedlings in case of water deficit, because there are
environmental and genetic limits under low water
soil conditions. Therefore, novel technologies
that optimize water use efficiency at the seedling
development phase of rainfed crops are needed. In
the forestry sector, SAP has been used to minimize
water stress in the planting of eucalyptus and Pinus
seedlings (ORIKIRIZA et al., 2013). Moreover, in
Brazil, SAP is widely used in winter plantings to
reduce seedling mortality and the frequency of glue
irrigations.

SAPs, also known as hydrogels, are hygroscopic
materials composed of acrylamide monomers
(acrylic acid and sodium or potassium acrylate).
The carboxyl group along the polymer chain
confers high water absorption capacity, although
the cross-links present in the chain avoid its
complete solubilization (BORTOLIN et al., 2012).
In agriculture, polyacrylamide is the main synthetic
polymer used, and it absorbs water through the
formation of hydrogen bonds (AHMED, 2015).
SAP can absorb water up to 200-400 times its
weight and increase its size by up to 100 times. The
end products of SAP degradation in soil are carbon
dioxide, water, and ammonia (WALLACE, 1986).
Nevertheless, there is limited understanding about
the degradation of SAP in soil and whether, for
example, there is a risk of soil acidification. SAPs
can remain in soil up to 5 years (SAAD et al., 2009).

The main benefit of using SAP is related to the
maintenance of soil moisture, because it can double
the storage capacity of water in soil, or improve soil
aeration and electrical conductivity (MENDONCA
et al., 2013). According to Nimah et al. (1983), SAP
increases water retention by 25% and 25-30% in
sandy soil and clay soil, respectively. Indeed, the
effect of SAP has been studied in different cropping

systems, and it is known that SAP increases crop
productivity by increasing plant biomass (shoot and
root biomass) and improving nutrient absorption by
crop roots, thereby reducing nutrient losses through
leaching (BERNARDI et al., 2012; NAVROSKI et
al., 2015). In addition, Dranski et al. (2013), Fagundes
et al. (2014), and Vale et al. (2006) found that SAP
used as a soil conditioner increased the survival rate
of sapwood, citrus and coffee seedlings under rainfall
and/or reduced supplementary irrigation.

To date, as discussed above, SAP has mainly
been used as a soil conditioner, i.e., the product is
mixed in soil to increase water retention and reduce
the need for supplementary irrigation in perennial
plants. Very less is known about the use of SAP in
annual crops, likely because of the large tracts in
cultivated land under annual crops, which would
require large volumes of SAP input. However, if the
product was applied as a seed coat, a small quantity
would be required and the technology could
optimize the initial development of the seedlings
by improving seed hydration under conditions of
water deficit. Thus, SAP applied via seed coating in
annual crops could reduce the risks of crop failure in
rainfed agriculture, with this resulting in increased
agricultural production.

The objective of this work was to evaluate the
potential of using SAP as a seed coat in sorghum, and
to compare the efficiency of the application methods
(i.e., SAP applied as a seed coat or in planting
grooves). Sorghum was chosen as a model plant
in this work because of its greater tolerance to low
water soil conditions among the major cereal crops.

Material and Methods

Two experiments were conducted ina greenhouse.
In Experiment 1, sorghum seeds were sown in trays
on January 9, 2015, and final evaluations (discussed
below in this section) were done after 26 days. In
Experiment 2, sorghum was sown in pots on March
2, and the evaluations were done after 30 days. The
environmental conditions for both experiments are
described in Figure 1.
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The seed coating was performed in the laboratory,
one day before sowing. With the aid of tweezers,
the seeds were moistened with 20% (v/v) polyvinyl
acetate-based adhesive (Cascorez extra®) to
adhere the SAP to the seeds. The SAP used was the
commercial product Agrogel®. For this, the amount
of SAP to be applied to 100 seeds was placed on
a Petri dish, and the seeds were coated manually

with the aid of forceps. The estimated amount
of SAP for seed coating, for a stand of 120,000
plants at 91% seed germination rate, was 7 kg/ha.
Commercial seeds of forage sorghum, variety BRS
655, with germination of 91% and moisture level of
12%, determined before the experiment was set up,
were used according to the Rules for Seed Analysis
(BRASIL, 2009).

Figure 1. Daily mean of the relative air humidity, average maximum temperature and mean minimum daily temperature
of the greenhouse during the conduction period of the experiments: A) Experiment 1: 09/01/2015 to day 04/02/2015;

B) Experiment 2: 02/03/2015 to day 02/04/2015.
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Experimental design

Experiment 1 — A completely randomized design
was used in a 2 x 3 factorial scheme, with two types
of seed coating (with and without SAP coating) and
three intervals between irrigations (48, 72 and 96
hours). These were replicated four times, totaling
24 experimental units. Each experimental unit
consisted of a tray containing 100 seeds. Sorghum
seeds were distributed in 4 grooves (25 seeds/
groove) spaced 6 cm apart and to a depth of 4 cm.
The plastic trays had holes about 1 cm in diameter
at the bottom to allow drainage. As a substrate, the
mixture was mixed with 60% soil, 30% sand and
10% commercial Plantimax® substrate (Table 1).
All irrigations were performed in order to raise
the moisture of the substrate to the field capacity,
determined by measuring the water leaving the
bottom of the tray.
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Experiment 2 — Here, the first factor was the
three methods of application of SAP (without SAP
or control, seeds coated with SAP and SAP applied
in the planting groove). The second factor consisted
of four intervals between irrigations (48, 72, 96
and 120 hours), with four replications, totaling
48 experimental units. The sowing was done in
plastic vessels (5 L). Three grooves spaced at 12
cm apart were used, forming an equilateral triangle
where the seeds were placed in each vertex. Each
experimental unit was composed by a pot with 3
sorghum seedlings. For fertilizer application, 5 g of
8:28:16 (NPK) were placed per pot to a depth of 5
cm, and 2 seeds/furrow (total of 6 seeds/pot) were
distributed to a depth of 3 cm. In treatments with
SAP placed in planting groove, an amount of 3 g
of SAP was applied together with the fertilizer. At
15 days after sowing the thinning was performed,
leaving 3 seedlings per pot.
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Table 1. Physical-chemical analysis of the substrate used in experiments 1 and 2.

pH P K Ca™ Mg* AP SEB ECEC CEC
(H,0) mg/dm3 Cmol / dm’®
5.16 21.6 104 2.9 1.28 0 4.45 4.45 6.95
Exp. 1 BSI ASI oM P Clay Silt Sand
% dag/Kg mg/dm’ Kg/Kg
64 0 1.75 15.6 0.439 0.002 0.559
pH P K Ca”™ Mg* AP* SEB ECEC CEC
(H,0) mg/dm’ Cmol / dm’
5.93 18.9 150 3.02 0.46 0 3.86 3.86 4.56
Exp. 2 BSI ASI oM e Clay Silt Sand
% dag/Kg mg/dm’ Kg/Kg
84.6 0 0.4 20 0.298 0.006 0.695

P — K — Mehlich Extractor 1 P-rem = Remnant Phosphorus

Ca — Mg — Al - Extractor: KCI - 1 mol/L Organic Matter (OM) — Oxidation: Na,Cr,0.4N + H,SO, 10N
H + Al — Calcium Acetate Extractor 0.5 mol/L — pH 7.0 ASI = Aluminum Saturation Index

SEB = Sum of Exchangeable Bases BSI = Basis Saturation Index

ECEC (t) — Effective Cation Exchange Capacity CEC (T) — Cation Exchange Capacity pH 7.0.

Assessments

Experiment 1 — The percentage of emergence
(E) and emergence speed index (ESI), obtained
by daily counting of the number of seedlings with
the visible coleoptile loop, were evaluated. At
26 days after sowing, the rate of emergence was
calculated according to the formula described by
Maguire (1962) and the following evaluations: 1)
height of seedlings (cm), measured from surface
of soil to the last fully expanded leaf; 2) average
number of leaves, counted in a random sample of
10 plants per experimental unit; 3) survival rate
(%), calculated as the ratio of the number of live
seedlings at the end of the experiment to the total
number of seedlings emerged. Subsequently, roots
of 10 randomly selected seedlings per experimental
unit were washed, and plants were separated in root
and aerial parts, packed in craft paper, and dried
in a forced circulation oven at 65 °C for 72 hours.
Thereafter, the plant fractions were weighed on an
analytical balance to determine: 4) dry mass root
(DMR); 5) dry mass shoot (DMS).

Experiment 2 — At 30 days after sowing the
following were evaluated: 1) number of live plants
(stand); 2) number of leaves per plant; 3) Height
of plants (cm), measured with ruler graduated in

millimeters from the soil surface to the apex of the
plant. Afterwards, the roots of all plants were washed,
sectioned in root and aerial parts, conditioned on
craft paper, and taken to dry in a forced circulation
oven at 65 °C for 72 hours. The harvested plant parts
were also weighed in the laboratory to determine: 4)
leaf dry mass; 5) stem dry mass.

Statistical analyses were performed using the
F-test analysis of variance at 5% level of probability
and the Turkey’s test of means at 5% level of
significance. All statistical analyses were performed
using the free software R version 3.1.2 (2014).

Results and Discussion

In Experiment 1, significant effects of the SAP
(P<0.05) on seedling emergence percentage of
emergence (E), emergence speed index (ESI),
seedling height and mass of shoot dry matter were
observed (Figure 1). There was no significant
effect of SAP coating (P<0.05) on the number of
leaves, seedling survival rate, and mass of root
dry matter. For the interval between irrigations,
all measured variables were significantly affected,
with the exception of ESI (P>0.05). There was also
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a significant interaction effect of SAP and irrigation
interval on seedling emergence (E). Between the
irrigation intervals, higher seedling survival rates
were observed in irrigation intervals 1 (48h) and 2
(72h) (Table 2). However, for irrigation interval 3
(96h), lower vegetative performance and seedling
survival rate were observed, indicating that the
longer irrigation interval limited the growth and
development of sorghum seedlings (Figures 2 and
3). Likewise, in Experiment 2, the longer irrigation

interval caused a progressive reduction in height
and dry matter mass of the stems and leaves
(Figure 4). This suggests that the longer interval of
irrigation induced water deficit in both experiments.
In situations of reduced soil water availability, the
plant physiological responses include decreased
leaf area production, stomata closure, accelerated
leaf senescence and abscission (TAIZ and ZEIGER,
2013), as strategies to optimize water use thereby
increasing chances of survival.

Table 2. Comparison of means between emergence speed index (ESI), seedling height (SH), leaf number (LN),
survival rate (SR) dry mass root (DMR) and shoot (DMS) in sorghum seedlings at 26 days as a function of three

irrigation intervals.

Treatment ESI SH (cm) LN SR (%) DMR (g) DMS (g)
Irrigation 1 13.54 a 26.00 a 412 a 100 a 1.13a 0.17a
Irrigation 2 13.61a 2298 a 4.25a 100 a 0.68 a 0.14a
Irrigation 3 1441 a 15.75b 3430 53.09b 0.42b 0.06 b

Means followed by the same letter in the column do not differ by Tukey’s test at the 5% probability level.
Irrigation 1: interval between irrigations of 48 hours; Irrigation 2: interval between irrigations of 72 hours; Irrigation 3: 96 hours.

In experiment 1, seed coating with SAP increased
SH, LN, SR, and DMS by 39%, 13%, 15%, and
113% respectively (Table 3), and greater effects
were observed when SAP coating was combined
with irrigation interval 3 (i.e. the most limiting
irrigation interval). Here, the SAP used as a seed coat
combined with irrigation interval 3 increased SH,
LN, SR and DMS by 100%, 33%; 66% and 300%,
respectively. However, we note that the increase
in seedling vegetative development observed here
may not be exclusively attributed to SAP coating, in
considering that SAP coating resulted in a smaller
number of seedling emergence and consequently
less water competition between plants.

2,
significantly affected number of plants

In Experiment SAP application only
(NP)

(P<0.05), while irrigation interval significantly

affected plant height, leaf dry mass and stem dry
mass. There was also a significant interaction effect
of SAP application method and irrigation interval
on number of leaves per plant. The beneficial effect
of SAP on vegetative development can be explained
by the improvement in water retention in soil and
the reduction of nutrient leaching, resulting in
optimum use of irrigation water (MARQUES et
al., 2010; BORTOLIN et al., 2012). In addition, the
polymer works similarly to the mucilage produced
by the roots, protecting them against desiccation
under conditions of severe water deficit (LIU et
al., 2013). Others have reported similar effects in
seedlings. For example, Fagundes et al. (2014)
observed the beneficial effect of SAP application
on the development of saplings planted under water
stress.
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Figure 2. Sorghum seedlings at 8, 16 and 26 days after sowing (DAS) as a function of superabsorbent polymer (SAP)
coating and intervals between irrigations (48, 72 and 96 hours).
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Figura 3. Effect of SAP use on seed coat: A) percentage of emergence; B) emergency speed index; C) seedling height;
D) number of leaves per plant; E) survival rate; F) dry mass of root; G) dry mass of shoot.
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Figure 4. Regression model adjusted according to the irrigation interval (48, 72, 96 e 120 hours) and the method of
using SAP (without SAP or control, seeds coated with SAP and SAP applied in the planting groove) for: A) plant
height; B) number of leaves; C) leaf dry mass ¢ D) stem dry mass.
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Table 3. Comparison of means between emergence speed index (ESI), seedling height (SH), leaf number (LN),
survival rate (SR), dry mass root (DMR) and shoot (DMS) in sorghum seedlings at 26 days as a function of seed
coating with superabsorbent polymer (SAP).

Treatment ESI SH (cm) LN SR (%) DMR (g) DMS (g)
Without SAP 23.57 a 18.11b 3.70 a 78.46 b 0.63 a 0.08b
SAP 4.14b 2524 a 4.19 a 90.26 a 0.88 a 0.17 a

Means followed by the same letter in the column do not differ by Tukey’s test at the 5% probability level.
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In both Experiment 1 (Table 4) and Experiment
2 (Table 5), fewer plants were observed when SAP
was applied to the seed. This effect was also found
by Pazderu and Koudela (2013), who compared the
effect of the use of SAP application as a solution (at
three levels of concentration) on the germination of
vegetable seeds. The authors attributed this effect
to the fact that SAP can reduce the speed of water
absorption of seeds, resulting in slower germination.

Indeed, in our experiments, SAP was applied in dry
form, which may have induced water competition
between the polymer and the seed during the
initial soaking phase. The low emergence of the
SAP —coated seeds may also have been aggravated
by the reduced size of the sorghum seed (which
is associated with less food reserve for seedling
establishment). In this species, germination occurs
from day 4, after seed imbibition, and the first leaf
emerges at about day 7 (PINHO et al., 2014).

Table 4. Comparison of emergence means (%) of seedlings as a function of superabsorbent polymer (SAP) coating

for three irrigation intervals.

Seed coating

Treatment Without SAP SAP

Irrigation 1 97.50 Aa 25.00 Bb
Irrigation 2 97.25 Aa 27.50 Bb
Irrigation 3 97.00 Aa 39.75 Ab

Means followed by the same letter in the column do not differ by Tukey’s test at the 5% probability level.

Table 5. Average number of sorghum plants according to the method of use of SAP.

Method of application NP

Without SAP 2.13a
Seeds coated 1.06b
SAP applied in the planting groove 2.44a

Means followed by the same letter in the column do not differ by Tukey’s test at the 5% probability level.

Alves and Teixeira (2012) studied the effect
of different concentrations of hydrophilic gel
application on the germination of tingui and
cucumber seeds, and they observed that the
intermediate dose of the gel increased the percentage
of germination, while the higher dose reduced
it. The same authors stated that the gel could
absorb part of the water destined for the embryo.
Therefore, it is necessary to adjust a dose of the SAP
to ensure high seed germination efficiency. In our
studies, the SAP dose used is recommended for the
production of tree seedlings, and is probably a high
dose for sorghum seeds, which may have resulted in
reduced germination efficiency. Thus, it is of utmost
importance that different SAP doses and polymer
types are studied for seed coating. Hotta et al. (2014)

evaluated the use of carrageenan-based SAP in the
seed coat and obtained satisfactory germination, in
addition to the improved growth in low water and
nutrient availability conditions.

Comparison of the method of application of SAP
by seed coating with the application in the planting
groove and the control, as assessed in Experiment
2, showed that the latter resulted in increased plant
height, leaf dry matter, and shoot dry matter, with
the former reducing these variables compared to
the control treatment. These results corroborate
those of Azevedo et al. (2002), Lopes et al. (2010)
and Jamnicka et al. (2013) who showed that SAP
improves the vegetative development of plants
under conditions of water deficit. We note that it
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may also be necessary to develop a seed specific
polymer in order to improve the germination
process, in the view that both the variations in
polymer granulometry and polymer application
method (e.g., binder or layer application) could
affect the interaction of SAP with seed. Further
studies are needed to investigate specific polymers
for use as seed coat during planting.

Conclusions

The use of SAP application in sorghum seeds,
and likely in other annual crops, improves seedling
vegetative development and survival rate under
water deficit. Further work is needed to reduce
the problem of low seed emergence when SAP is
applied as a seed coat.
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