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INTRODUCTION

Irrigated agriculture is responsible for 52 % 
of the water use in Brazil (Brasil 2019). However, 
water is a scarce input for agricultural plant species 
and, consequently, for agribusiness, in semiarid 
regions (Villes et al. 2019). The development of 
technologies that increase plant yield and improve 
agricultural products quality is essential to obtain a 
greater water-use efficiency in agriculture, decrease 
water waste and avoid water deficit.

ABSTRACT RESUMO

The application of water-retaining hydrogels 
to areas close to the plant roots is an alternative to 
mitigate the effects of water deficit by decreasing 
water consumption in agricultural areas, since they 
act as reservoirs, making water available to plants 
(Lopes et al. 2017).

Positive results can be obtained with the use 
of low rates of these polymers, which can improve 
the water and nutrient retention in the substrate, 
making it an alternative for seedling production 
(Hafle et al. 2008).
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The search for alternatives that enable the improvement 
of the soil water retention capacity should focus on a better 
water use by cultivated plants. This study aimed to evaluate 
the effect of natural tree resin rates and irrigation levels on the 
cotton (intermediate cycle) and wild radish (short cycle) crops. 
Two experiments were conducted in a completely randomized 
design, in a 5 × 5 factorial arrangement, with three replications 
and five tree resin rates (0, 0.67, 1.33, 2.00 and 2.67 g plant-1), 
five soil water tensions (15, 30, 45, 60 and 75 kPa) for cotton 
plants and five irrigation water levels (40, 60, 80, 100 and 
120 % of the ETc) for wild radish plants. The plant height, stem 
diameter and number of leaves were evaluated at 93 days after 
sowing (DAS) for the cotton plants; while the plant height, root 
diameter and number of leaves were evaluated at 30 DAS for 
the wild radish plants, as well as quantified the shoot and root 
dry weights of both plant species. The application of tree resin 
reduces the susceptibility of the crop to water deficit, being 
2.7 g plant-1 the highest recommended rate to improve the plant 
development. The use of tree resin increases the water-use 
efficiency in cotton and wild radish crops in up to 0.68 g L-1 and 
69.6 g L-1, respectively.

KEYWORDS: Gossypium hirsutum, Raphanus raphanistrum, 
irrigation.

Resina vegetal como 
estratégia de cultivo sob déficit hídrico

Alternativas que possibilitem a melhoria da retenção de 
água no solo devem ser buscadas visando maior aproveitamento 
de água por plantas cultivadas. Objetivou-se avaliar o efeito de 
doses de resina vegetal natural e estratégias de irrigação nas 
culturas do algodão (ciclo intermediário) e rabanete (ciclo curto). 
Foram desenvolvidos dois experimentos, em fatorial 5 x 5, em 
delineamento inteiramente casualizado, com três repetições e 
cinco doses de resina vegetal (0; 0,67; 1,33; 2,00; e 2,67 g planta-1), 
cinco tensões de água no solo (15; 30; 45; 60; e 75 kPa) para o 
algodoeiro e cinco reposições de água (40; 60; 80; 100; e 120 % 
da ETc) para o rabanete. Aos 93 dias após a semeadura (DAS), 
foram avaliados a altura, diâmetro de caule e número de folhas 
do algodoeiro. Aos 30 DAS, foram medidos a altura, diâmetro 
de raiz e número de folhas do rabanete, bem como quantificada 
a matéria seca da parte aérea e das raízes de ambas as culturas. A 
resina vegetal reduz a suscetibilidade da cultura ao déficit hídrico, 
com a dose máxima de 2,7 g planta-1 sendo recomendada para 
se obter melhor desenvolvimento das plantas. A resina aumenta 
a eficiência do uso de água nas culturas de algodão e rabanete, 
correspondendo a até 0,68 g L-1 e 69,6 g L-1, respectivamente.

PALAVRAS-CHAVE: Gossypium hirsutum, Raphanus 
raphanistrum, irrigação.
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The application of hydrogel in agriculture has 
shown promising results; however, the high price 
and low biodegradability of this product often make 
large-scale applications unviable (Bahram et al. 
2016). Water-retaining polymers can be degraded by 
the presence of microorganisms, high temperatures, 
pH effect, ultraviolet radiation and, mainly, due to the 
action of salts from fertilizer application and liming 
(Caulfield et al. 2003). Most of these polymers are 
from synthetic origin (Mendonça et al. 2013) and the 
byproducts resulted from their degradation may be 
harmful to human health and plant species, due to the 
release of acrylamide, which is a chemical compound 
that is probably carcinogenic to humans, regardless 
of the pathway (Passauer et al. 2015).

Natural tree resins that polymerize irreversibly 
under high temperatures have carbon chains of 
three-dimensional structure (Rodriguez et al. 2014). 
These polymers are complex organic structures that 
may contain phenols, alcohols, esters, essential oils 
and terpene acids (ASM 2001), and present organic 
groups (-OH, -NH2, -COOH, -CONH2 and -SO3H) in 
their chain structures, what contributes to a greater 
swelling of the material in the presence of water 
(Nelson & Cox 2018).

Studies on the use of resin rates in agriculture 
are needed to assess its capacity to release the retained 
water for the development of cultivated plant species. 
Therefore, a short-cycle (Raphanus raphanistrum; 
wild radish) and an intermediate-cycle (Gossypium 
hirsutum; cotton) species were chosen to evaluated 
this tree resin, which can be rapidly degraded in the 
soil (Mariano-Torres et al. 2015).

Water deficits usually occur during some 
stages of the cotton and wild radish cycles, causing 
severe damages to plants; thus, this tree resin 
may regulate the water availability, mainly under 
water deficit conditions, increasing the yield of 
cultivated plants and minimizing production costs. 
Therefore, evaluating the capacity of tree resin to 
retain and release water to plants under different 
water conditions and irrigation levels may provide 

accurate responses to issues regarding its agricultural 
use. 

Thus, this study aimed to determine a rate for 
the application of tree resin that decreases the water 
consumption for two cultivated plant species (cotton 
and wild radish), with no effects on their agronomic 
performance.  

MATERIAL AND METHODS

The tests were conducted in a greenhouse 
with its top and sides protected only with an anti-
aphid mesh, at the Universidade Estadual de Montes 
Claros (Unimontes), in Janaúba, Minas Gerais state, 
Brazil, from June to September 2019, using the cotton 
cultivar DP1536B2RF and the wild radish cultivar 
Crimson Giant. 

The average rainfall of the region is 870 mm, 
the average annual temperature 24 ºC, the insolation 
2,700 hours per year, the average relative humidity 
65 % and the climate Aw tropical, characterized by 
dry winters, according to the Köppen classification.

The soil was classified as Eutrophic Red 
Latosol (Oxisol) with medium texture, specifically a 
Eutrustox (USDA 2014). The samples (0.0-0.20 m; 
Table 1) were sieved in a 4-mm mesh sieve.

Fertilizers were applied considering the results 
of the soil chemical analyses, using 20 kg ha-1 of N, 
60 kg ha-1 of P2O5 and 70 kg ha-1 of K2O before sowing, 
and 60 kg ha-1 of N, 40 kg ha-1 of P2O5 and 30 kg ha-1 
of K2O as topdressing, totaling 100 kg ha-1 of P2O5, 
100 kg ha-1 of K2O and 80 kg ha-1 of N (CFSEMG 
1999). The fertilizer sources used were simple 
superphosphate (3.92 g pot-1), potassium nitrate 
(1.83 g pot-1) and urea (0.04 g pot-1) before sowing, 
and monoammonium phosphate (0.77 g pot-1), 
potassium nitrate (0.78 g pot-1) and urea (1.15 g pot-1) 
as topdressing, which were split into 3 applications up 
to 60 and 25 days after sowing (DAS), respectively 
for the cotton and wild radish crops.

The resin was collected from silk floss trees 
[Ceiba speciosa (A. St.-Hil.) Ravenna] at the 

1 pH in water; 2 Extractor: Mehlich-1; 3 Extractor: KCl 1 mol L-1; 4 pH SMP; 5 Extractor: CaCl2; 
6 Extractor: Ca(H2PO4) 2, 500 mg L-1 of P in HOAc 2 mol L-1; SB: sum of 

bases; CECe: effective cation exchange capacity; CEC: cation exchange capacity at pH 7; BS: base saturation; AS: aluminum saturation.

pH1 P2 K2 Na2 Ca3 Mg3 Al3 H + Al4 SB CECe CEC BS AS B5 Cu6 Fe2 Mn2 Zn2

_______________ mg dm-3 _______________ ________________ cmolc dm-3 ________________ ______ % ______ ______________ mg dm-3 ______________

6.4 6.1 180 0.1 2.9 0.7 0.0 1.3 4.1 4.1 5.4 76 0 0.3 0.7 30.9 42.8 1.8

Table 1. Chemical attributes of the soil used in the experiment.
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Unimontes Janaúba campus (SisGen nº AA90DCC), 
placed in an oven at 65 ºC for 72 hours, ground and 
sieved (2-mm mesh). Tree resin rates were applied 
close to the roots of cotton and wild radish plants at 
40 and 15 DAS, respectively.

Measures of soil  water tensions and 
evapotranspiration were respectively used for cotton 
and wild radish plants, to evaluate their responses to 
the resin application under different water availability 
conditions, without causing losses to the plant 
species, as independent trials. 

The experiment was conducted using 75 pots 
(8-L capacity) with free drainage. Five seeds were 
sowed per pot and the seedlings were thinned at 
10 DAS, keeping three plants per pot. Tensiometers 
were installed in one of the replications of each 
treatment to quantify the water to be applied to the 
soil. The readings were carried out using a digital 
tensimeter, converting the soil water retention curve 
to soil moisture (Figure 1).

Daily water irrigations kept the soil moisture at 
field capacity, corresponding to a soil water tension 
of 15 kPa, based on tests of field capacity in three 
pots, up to 40 DAS.

The soils in the pots were saturated for three 
days using 4 L of water. They were then covered 
with aluminum foil to avoid evaporation and left to 
drain freely. After ceasing drainage, the soil of each 
pot was collected by using rings and, then, the soil 
water content was evaluated.

When 90 % of the plants had more than six 
true leaves, at 40 DAS, the treatments with different 

irrigation water levels started with variable shifts, 
according to the soil water tension limits (15, 30, 
45, 60 and 75 kPa), applying the water irrigation 
needed to raise the soil moisture to field capacity, 
using five rates of resin (0, 0.67, 1.33, 2.00 and 
2.67 g plant-1), considering the rate of 4 g pot-1 of 
hydrogel (4 g pot-1 ÷ 3 plants pot-1 = 1.33 g plant-1) 
recommended by Mendonça et al. (2013), since no 
studies using tree resins were found. The powdered 
resin was incorporated to the soil, distributed next to 
the root system of the plants at approximately 2 cm 
depth. Thus, the treatments were evaluated in a 5 × 5 
factorial arrangement, using a completely randomized 
experimental design, with three replications.

The plant height, stem diameter (2 cm above 
the ground level) and number of leaves per cotton 
plant were evaluated at 93 DAS, due to the beginning 
of senescence of the plants in the treatment with the 
lowest water level (75 kPa). The shoot and root dry 
weights were determined after drying these plant 
parts in an oven at 65 ± 2 ºC, for 72 hours (Rodrigues 
2010). The dry matter weights, obtained in g plant-1, 
were transformed to percentage of total dry matter. 
The water-use efficiency was determined by dividing 
the shoot dry weight by the accumulated water 
volume applied.

The experiment was conducted using 75 8-L 
pots. Five seeds were sowed per pot, and the seedlings 
were thinned at 10 DAS, keeping three plants per 
pot. Daily water irrigations were carried out up to 
15 DAS, applying 100 % of the ETc, obtained by 
multiplying the reference evapotranspiration (ET0

 ) 

Figure 1. Soil water retention curve of the experimental area fitted to the van Genuchten model. The soil density (1.59 g cm-3) in 
the pots was determined using the volumetric ring method.
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by the crop coefficient (Kc) (Bernardo et al. 2019). 
The ET0 was determined by the Penman-Monteith 
FAO model (Allen et al. 2006), using weather data 
from a meteorological station next to the experimental 
area. After 15 DAS, daily irrigations were carried out 
using five irrigation water levels (40, 60, 80, 100 
and 120 % of the crop evapotranspiration - ETc), 
considering that an evapotranspiration of 40 % is a 
water deficit condition. Five rates of powdered resin 
were applied (0, 0.67, 1.33, 2.00 and 2.67 g plant-1) 
in a 5 × 5 factorial arrangement, using a completely 
randomized experimental design, with three 
replications. The resin was incorporated to the soil 
next to the plant roots, at approximately 2 cm depth.

The root length and diameter and number of 
leaves per plant were evaluated at 30 DAS, which 
correspond to the end of the plant cycle. 

The plant parts were dried in an oven at 55 ± 
2 ºC, for 72 hours, to evaluate the shoot and root dry 
weights; and the water-use efficiency was evaluated 
as for the cotton plants.

The data obtained in the evaluations of the two 
experiments were subjected to multiple regression 
analysis, with coefficients evaluated by the t test (α = 
0.05), using the Sisvar statistical software (Ferreira 
2019), and response surface graphs were developed 
in the Sigma Plot 14 (trial version).

 
RESULTS AND DISCUSSION

The effect of the interaction between resin 
application and soil water tension was significant 
for the plant height, stem diameter and number of 
leaves of cotton plants, fitting to quadratic polynomial 
models (Figures 2A-C). 

The variables presented an increasing response 
as the resin rate was increased (Figures 2A-C). This 
effect occurred because the resin retained most of the 
water applied to the soil and released it slowly to the 
plants, maintaining the soil moisture and making the 
water available to plants for longer.

The plant height, stem diameter and number 
of leaves of cotton plants increased as the resin rate 
was increased up to 2.7 g plant-1 and the soil water 
tension up to 75 kPa, with the highest values being 
31.8 cm (plant height), 5.7 mm (stem diameter) and 
4 (leaves per plant). These increases were due to the 
water supply, which induced plant growth. According 
to Cordão Sobrinho et al. (2007), water deficiency 
reduces the stem diameter and plant height.

Figure 2. Plant height (A), stem diameter (B) and number of 
leaves (C) of cotton plants, as a function of resin rates 
and soil water tensions.
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Under lower resin rates, the water deficit may 
have decreased cell expansion and division, affecting 
the enzymatic functioning and photosynthesis, 
triggering cell damages and, consequently, decreasing 
plant development (Flowers et al. 2014).

These results were attributed to increases 
in the soil water retention capacity caused by the 
incorporation of the plant polymer. Fan et al. (2015) 
and M’Barki et al. (2019) used a starch-based 
absorbent polymer to the substrate and hydrogel for 
spinach and olive crops and also found increases in 
plant height, stem diameter and fresh and dry weights, 
mainly under water deficit conditions. They attributed 
the results to a high water volume absorption and 
retaining of these polymers, which are reticulated 
macromolecules with hydrophilic groups that can 
significantly improve the soil water storage and 
availability in the plant root zone, decreasing harmful 
effects of water stress on plants. 

The number of leaves per plant increased as 
the resin rate was increased, combined with water 
deficit (Figure 2C). This can be explained by the resin 
capacity to retain water and, subsequently, make it 
available to plants (Marques & Bastos 2010).

The root length and diameter and number of 
leaves of wild radish plants were higher when using 
the highest resin rate (2.7 g plant-1) and the lowest 
irrigation water level (40 % of the ETc), reaching 
3.8 cm, 2.7 cm and 7 leaves plant-1, respectively 
(Figures 3A-C). The use of resin rates below 
2.7 g plant-1 resulted in lower values.

According to Silva et al. (2011), the plant 
growth is dependent on cell division, followed by 
expansion, under enough amount of water. Thus, the 
use of resin favored the supplying of the plant water 
requirements using lower water volumes, promoting 
a better plant development.

The resin application increased the root growth 
and number of leaves of wild radish plants, even 
in the treatment with 40 % of the ETc. However, 
according to Alves et al. (2019), the soil moisture 
should be maintained high, close to the field capacity, 
over the wild radish cycle, to obtain good yields. The 
resin maintained the soil at field capacity with no 
effects on the plant root morphology and physiology, 
even under irrigation water deficit conditions (40 % 
of the ETc), as also observed by Silva et al. (2017).

Different results were reported by Oliveira et 
al. (2014), who used hydrogel for growth of wild 
radish plants and found no significant differences 

Figure 3. Root length (A) and diameter (B) and number of 
leaves (C) of wild radish plants, as a function of tree 
resin rates and irrigation levels based on the crop 
evapotranspiration (% ETc).
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in length and number of leaves, total fresh weight, 
shoot fresh weight and tuber fresh weight, probably 
because the hydrogel decreased the soil permeability 
(Coelho et al. 2008).

The interaction between resin rate and soil 
water tension was significant for the shoot and root 
dry weights of cotton plants (Figures 4A and 4C), 
as well as the interaction between resin rate and 
crop evapotranspiration (ETc) for shoot and root 
dry weights of wild radish plants (Figures 4B and 
4D), with an increasing response as the resin rate 
was increased.

The high shoot and root dry weights of the 
evaluated plant species were due to the optimization 
of water availability by the presence of the plant 

polymer, which improved the soil aeration and 
drainage, accelerating the development of the plant 
root and shoot systems, as also reported by Azevedo 
et al. (2002). 

In the present study, using resin rates, the 
results were similar to those reported by Zomerfeld 
et al. (2021), who obtained a better development of 
radish when they used hydrogel, because the polymer 
allows a greater efficiency in the use of water.

The root dry weight presented a good response 
to the use of resin for both the plant species evaluated 
(Figures 4C and 4D). Root dry weight is important 
for the plant development, because a good rooting 
results in plants with higher potential for growth and 
survival in the field (Eloy et al. 2013).

Figure 4. Shoot dry weight of cotton (A) and wild radish (B) plants and root dry weight of cotton (C) and wild radish (D) plants, as 
a function of resin rates and evapotranspiration (ETc) (wild radish) and soil water tensions (cotton).
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The cotton and wild radish plants presented 
a better development when using the resin rate of 
2.7 g plant-1 and the highest soil water tension (75 
kPa) for the cotton and the lowest evapotranspiration 
(40 %) for the wild radish plants. This is due to the 
higher water availability to plants enabled by the 
plant polymer. 

Thus, the application of resin resulted in plants 
with higher shoot and root dry weights. Carvalho et 
al. (2011) found similar results for the application 
of hydrogel in coffee plants, with a higher plant 
height, stem diameter, shoot and root dry weights, 
and leaf area.

The main advantage of using water-retaining 
polymers is their capacity to absorb and store water. 
The use of these products improves the soil water 
availability and other soil properties, such as porosity 
and water storage capacity, and decreases losses of 
nutrients by percolation and leaching, improving 
the plant development throughout the plant cycle 
(Albuquerque Filho et al. 2009), as shown by the 
results found in the present study. 

The use of adequate irrigation management 
and tree resin application are options that favor the 
water economy and water-use efficiency and decrease 
environmental problems and water consumption, 
what is shown by the increases found for water-use 
efficiency (Figures 5A and 5B). The highest water-
use efficiency was found in plants subjected to the 
highest resin rates and soil water tension (75 kPa) for 
cotton plants (0.68 g L-1), and in those subjected to 

the lowest crop evapotranspiration (40 %) for wild 
radish plants (69.6 g L-1), which promoted a greater 
water economy (Figures 5A and 5B). 

These results are probably due to organic 
compounds with high water retention capacity in the 
chemical composition of the plant polymer, which 
improve the water absorption capacity. According 
to López-Elías et al. (2016), these compounds in the 
polymer increase the water-use efficiency.

Oweis et al. (2011) found a higher water-use 
efficiency for cotton plants in treatments under full 
irrigation, when compared to plants in treatments 
under water deficit, in Syria. The findings of the 
present study contrast with that result, since the 
highest water-use efficiency was found in cotton 
plants under water deficit, due to the maintenance of 
soil moisture by the resin, which improved the plant 
performance (Figure 5A).

Further studies should evaluate the effects of 
polymerization, allelopathy and extraction processes 
of tree resin to better define the potential of this new 
material to decrease the water deficit in cultivated plants.

 

CONCLUSIONS

1. The application of resin from silk floss tree [Ceiba 
speciosa (A. St.-Hil.) Ravenna] to the soil reduces 
the susceptibility of cotton and wild radish plants 
to water deficit;

2. The highest recommended resin rate to obtain 
better plant developments under similar conditions 

Figure 5. Water-use efficiency of cotton (A) and wild radish (B) plants, as a function of tree resin rates (g plant-1) and evapotranspiration 
(ETc) (wild radish) and soil water tensions (cotton).
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to those evaluated in the present study is 
2.7 g plant-1; 

3. The use of tree resin increases the water-use 
efficiency of cotton and wild radish plants in up 
to 0.68 g L-1 and 69.6 g L-1, respectively.
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