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Abstract

The sunflower (Helianthus annus L.) crop has been gaining prominence in wastewater research due to its
relevance to the production of edible oil, biodiesel and ornamental and decorative material. In the field of
floriculture, the crop has been emerging as an alternative offer of a short-cycle product, with contrasting colors
and easy identification by the consumer. The objective of this work was to evaluate the different electrical
conductivities of water associated with nitrogen fertigation rates on the vegetative, physiological and productive
behavior of ornamental sunflower. The experimental design was completely randomized, in a factorial scheme
6x4, referring to six levels of electrical conductivity of water (ECa of 0.5, 1.5, 2.5, 3.5, 4.5 and 5.5 dS m™) and
four nitrogen fertigation rates, with one control and the other three applications performed every 10, 20 and 30
days after emergence (DAE), with five replications, totaling 120 experimental units. The variables analyzed were:
stem diameter, root length, chlorophyll a, b and total chlorophyll content, fresh and dry phytomass of shoots,
roots and total phytomass, seed mass and capitulum mass. The salinity negatively affected the physiological
variables, growth and productivity evaluated, decreasing with increasing electrical conductivity of irrigation
water (dS m™). Nitrogen fertigation at 10 days after emergence resulted in an increase in the stem diameter of
sunflower plants.
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1. Introduction

Sunflower (Helianthus annuus L.) is an annual dicotyledon belonging to the family Asteraceae, originating in
North America (Zobiole et al., 2010). This species, besides being an important option for the agricultural
producer in systems involving crop rotation or succession, presents excellent oil quality and yield, much
appreciated in animal feed as a source of protein, as well as in the production of biofuels, being a crop which
also aims at the commercialization of flowers (Silva et al., 2011).

The ornamental sunflower can be grown in any region of the Brazil, presenting it self as an alternative to the
floriculture sector, for being a crop without great management difficulties. The crop has broad climatic
adaptability, high tolerance to drought, cold and heat, becoming less influenced by latitude, altitude and
photoperiod (Zobiole et al., 2010).

The semi-arid region of the Brazilian northeast is commonly affected by irregular rainfall, due to its
insufficiency and poor distribution throughout the year, such that these facts are one of the most limiting factors
to agricultural productivities, significantly impairing crop yield. These characteristics justify the need to resort to
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irrigation, aiming at mitigating and correcting the problems arising from inadequate water supply in agriculture
(Silva et al., 2011), increasing the productivity of grains, oil or dry mass in crops under irrigation.

Notwithstanding, in the Brazilian semi-arid region, due to the scarcity of surface water sources, the water used
for irrigation purposes by rural families is obligatorily of subterranean origin (crystalline basement), which in
most cases presents restrictions of use for having high salt concentration, especially sodium, determining
production limitations, with damaging effects to plants in their different phases, in addition to causing problems
of edaphic and environmental degradation, leading to problems of great proportions in the productivity of
agricultural crops (Andrade et al., 2012; Costa et al., 2013). The saline water as well can to change the soil
aggregate structure, reduce the permeability, increase the salinity and restrict the water, nutrients and oxygen
availability (Russo, 2005; Wong et al., 2008).

Nitrogen (N) is the most required nutrient for the greatest diversity of cultivated plants, because the development
is highly dependent on the availability of this nutrient due to its functions in plant metabolism, participating as a
constituent of the molecule of chlorophyll, nucleic acids, amino acids and proteins (Taiz & Zeiger, 2012).

In view of the above, the objective of this work was to evaluate the different electrical conductivities of irrigation
water associated with nitrogen fertigation rates on the vegetative, physiological and productive behavior of
ornamental sunflower.

2. Materials and Methods

The experiment was conducted in a screened greenhouse, between October 2014 and February 2015, in the
Agricultural Sector of the Center for Human, Social and Agrarian Sciences (CCHSA) of the Federal University
of Paraiba (UFPB), Campus III, in Bananeiras-PB, located in the microregion of Brejo Paraibano, at 6°45’ S
latitude and 35°37' W longitude, with a hot and humid (tropical rainy) climate.

The experimental design was completely randomized, in a factorial scheme 6 X 4, referring to the irrigation
water salinity in six electrical conductivities of water (ECa of 0.5, 1.5, 2.5, 3.5, 4.5 and 5.5 dS m'l) and four
fertigation times with nitrogen in the amount of 60 kg ha™', being one control (without fertigation) and fertigation
performed at 10, 20 and 30 days after emergence (AED), with five replications. The source of nitrogen was
utilized by urea.

The experimental units were composed of pots with a volumetric capacity of 1.3 dm® (15 cm high), filled by a
substrate formed by vegetal soil and bovine manure, in the ratio of 3:1 (v/v), (Table 1).

Table 1. Chemical and fertility characterization of the substrate used in the experimental units

Chemical Attributes

pHro) P K" Na"  H+AP" AP Ca® Mg® SB CEC V O.M.
mg dm’ cmol, dm™ % g kg

6.51 80.43 0.84 022 181 0.0 402 215 723 9.04 799  38.69

Note. pH in water; SB = Sum of Bases (Ca’" + Mg”" + K" + Na"); CEC = Cation Exchange Capacity [SB + (H" +
AT*"); V = Saturation by exchangeable bases (SB/CEC)100; O.M. = Organic Matter.

The seeding was carried out in October 2014, and the seeds were sown directly in the pot. The seeds began their
emergence 5 days after sowing. When they reached 10 cm in height, thinning was performed, leaving a single
plant per experimental unit. The variety used in the experiment was the cultivar “Sol Noturno™.

During the experimental period, the temperature and humidity of the air were measured daily with a digital
termo-hygrometer installed in the experimental area, at the height of the benches (Table 2).

Table 2. Average of the temperature ¢ humidity maximum and minimum of the conduction environment of the
experiment

Maximum Minimum
Temperature (°C) 32.21 22.85
Humidity (%) 91.3 444
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Irrigation was performed daily at the end of the afternoon, where the soil was initially maintained at pot capacity
(PC) with the intention of to guarantee the emergence process and the development of the plants. Subsequently,
the water management was performed by weighing the pots, in order to provide the volume of evapotranspirated
water in the previous 24 hours, as well as by monitoring the replacement through the actual evapotranspiration of
the crop, estimated for each stage of plant development from the reference evapotranspiration (ETo) and the crop
coefficient (Kc), ETc = ETo-Kc, obtained by an evaporimeter installed in an agrometeorological station (AESA)
near the experimental area.

The preparation of the water with the respective saline levels (ECa) was performed weekly (Figure 3), using the
NaCl, CaCl,'2H,0 and MgCl,-6H,0 salts, in the ratio of 7:2:1, following the relationship between ECa and
concentration (mmol, L™ = EC x 10), from Rhoades et al. (2000).

Nitrogen fertilization occurred exclusively via fertigation. The fertilizer used was urea, applying the amount of
60 kg ha' to each treatment (0, 10, 20 and 30 DAE). The control related to the cultivation (weeds and
elimination of lateral shoots) was also carried out throughout the production period of the sunflower plants.

The analyzed variables were growth (stem diameter and root length), chlorophyll content (chlorophyll a, b and
total chlorophyll), phytomass variables (fresh mass of shoots, roots and total fresh mass; dry mass of shoots,
roots and total dry mass) and production variables (seed mass and capitulum mass).

The results were submitted to analysis of variance by the F test at 5% probability and, in the cases of significance,
polynomial regression analysis was performed (Banzatto & Kronka, 2006). For data analysis, the statistical
software ASSISTAT version 7.7 beta was used.

3. Results and Discussion

From the regression analyses for plant stem diameter as a function of the electrical conductivity of water (ECa)
under different periods of nitrogen fertigation (Figure 1), it is observed that the combination of the different
salinities of irrigation water with the addition of nitrogen fertigation at 10 DAE provided an increase in the stem
diameter of ornamental sunflower plants. These results resemble those found by Andrade et al. (2012) that
analyzing the quality of sunflower flowers bottled in a greenhouse verified the diameter of the middle stem to
cultivate ‘Night Sun’ of 8.32 mm; and Santos Junior et al. (2016) in experiment with hydroponics of low cost
under levels of salinity observed diameter of the average stem of 7.7 mm for the same cultivar. For Rodrigues et
al. (2012), a more vigorous stem means higher stock contents that contribute to greater resistance to transport
and greater post-harvest durability, it being desirable that the stems have sufficient diameter to sustain their size
and the chapter (Curti et al., 2012), also emphasizing its ecological function, making it difficult to break the
stems in regions where there is a strong intensity of winds. Ivanoff et al. (2010), using nitrogen application in
three sunflower cultivars in the Roraima savanna, observed mean values of 12.2 mm, differing from the present
experiment, which, independently of the nutritional concentration tested, are within the range of 5 to 15 mm,
indicated as an acceptable quality standard by Grieve and Poss (2010).
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Figure 1. Stalk diameter of ornamental sunflower plants irrigated with saline water and nitrogen fertilization to
the 0 (—), to the 10 (---), to the 20 () and to the 30 (——-) days after emergence (DAE)
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Sunflower plants irrigated with saline water presented lower root growth as the electrical conductivities
increased, reducing root growth by approximately 86% (23 cm) (Figure 2). The results showed that there were
no significant effects for the nitrogen fertirrigation treatment for this variable. These data differ from Houle
(2001), where no differences were found in the root phytomass content when Aster laurentianus plants were
grown under different salt concentrations. The growth inhibition caused by progressive salt stress may be related
to energy irregularity due to the increase in soil salinity levels, and may go beyond a simple decrease in soil
water potential, including leading to cellular injury, caused by oxidative stress in the plant (Garcia et al., 2007).

30

25

20 1

Root Length (cm)

y = 0,5496x" - 8,759x + 35,617
R2=0,99

0 T T T T T T
0,5 1,5 2,5 3,5 4,5 55

Electrical conductivity of irrigation water (dS.m‘*)
Figure 2. Root length of ornamental sunflower plants irrigated with saline water

The chlorophyll a content decreased with increasing electrical conductivity of water (Figure 3), where nitrogen
fertigation rates showed similar behavior, except for 10 DAE wich showed values lower than the others.
However, the fertigation at 30 DAE outweighed the other treatments. High concentrations of NaCl increase the
chlorophyll degradation via chlorophyllase activity, and decrease its synthesis, due to nitrogen competition with
other compounds, such as proline (Ibarra & Maiti, 1995). Regarding nitrogen fertigation, the application periods
presented no statistical differences, except for the fertigation at 20 DAE, which showed higher chlorophyll a
contents in the comparison between the nitrogen applications.
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Figure 3. Chlorophyll index a under nitrogen fertigation to the 0 (—), to the 10 (---), to the 20 () and to the 30
(——-) days after emergence (DAE) in ornamental sunflower plants irrigated with water saline

With the increase of ECa, the chlorophyll b content decreased (Figure 4). This is related to the decrease of
photosynthesis. According to Santos (2005), chlorophyll degradation can cause a considerable reduction in the
photosynthetic rate and, as a consequence, a reduction in productivity. Nitrogen fertigation at 30 DAE provided
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lower contents of chlorophyll b among the applications. This may have occurred due to the late application of
nitrogen when the plant was already in an advanced stage of development. However, the applications performed
at 10 and 20 DAE provided the best contents of chlorophyll b. Ivanoff et al. (2010) observed that the application
of N up to 20 DAE provided better development of sunflower, and that applications from 20 DAE did not
present good results for this crop.
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Figure 4. Chlorophyll index b under nitrogen fertigation to the 0 (—), to the 10 (---), to the 20 () and to the 30
(——-) days after emergence (DAE) in ornamental sunflower plants irrigated with Saline water

In the summary of the analyses of variance, shown in Table 3, it is observed that there was no significant effect
of the interaction between Salinity and Fertigation for root length (RL), fresh mass of shoots (FMS), dry mass of
shoots (DMS), fresh mass of roots (FMR) and total dry mass (TDM).

Table 3. Abstracts of the analysis of the variance for the Diameter of the Root, Root Length (CR), Chlorophyll a
(Cla), Chlorophyll b (Clb), Total Chlorophyll (Cl¢), Fresh Mass of the Aerial Part (MFPA), Fresh Mass of the
Root (MFR), Total Fresh Mass (MFT), Dry Mass of the Aerial Part (MSPA), Dry Mass of the Root (MSR), Total
Dry Mass (MST), Mass of the Seeds (MS) And Mass of pseudostem (MC) of the ornamental sunflower plants
(Helianthus annus L.) in function of the walter salinity of the irrigation in different times of nitrogenous
fertirrigation

Mean Square

sV bF DC CR Cla Clb Clt MFPA MFR MFT MSPA MSR MST MS MC

S 5 69.16" 1744.75" 64.07" 8.96™ 94.25° 19586.33" 1763.99™ 28461.59™ 1763.99™ 132.02" 2745.74" 80.48" 422.98"
F 3 12.50™ 323.65™ 200.36™ 10.04™ 271.95™ 3544.20" 81.75™ 567135 81.75™  32.03" 136.78" 15.14" 2862"
SxF 15 7917 64.67°  68.10" 11.56" 129.19" 94421™  38.65™ 1635.67°  38.65™  12.70" 45.50™  9.53" 2096
R 96 2,12 49.62 17.06  4.60 31.73 554.89 37.52 831.24 37.52 6.46 55.20 3.21 9.75
Total 119 - -

V(%) - 1645 1298 1726 1042 1821 1035 1317 1438 1317 1260 1547 1499 1732

Note. Salinity-ECa (8S), Fertigation (F), Residue (R); CV = Coefficient of variation; ™ = not significant by the F
test; * and ** = significant at 5 and 1% probability, respectively.

The plants showed a decrease in the total chlorophyll content as the electrical conductivity of irrigation water
was increased (Figure 5). Salinity promotes a decrease in chlorophyll content in sensitive plants and an increase
in tolerant plants (Jamil et al., 2007). The photosynthetic efficiency is also linked to the chlorophyll content of
plants, affecting their growth and adaptability to different environments. This is due to unfavorable salinity
conditions for their growth and development. In the case of nitrogen fertigation, the application at 20 DAE
provided a higher chlorophyll accumulation when compared to the other applications, where the fertigation
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performed at 30 DAE provided the lowest total chlorophyll contents. For Santos (2004), the reduction in
chlorophyll synthesis occurs due to the effect of NaCl in promoting the reduction of aminolevulinic acid (ALA),
precursor of protochlorophyll, which is converted to chlorophyll in the presence of light.
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Figure 5. Total chlorophyll index under nitrogen fertigation to the 0 (—), to the 10 (---), to the 20 () and to the
30 (——-) days after emergence (DAE) in ornamental sunflower plants irrigated with Saline water

From the regression analysis, it was verified a reduction of the fresh mass of shoots (Figure 6) due to a higher
concentration of NaCl, that is, greater electrical conductivity in the water used for irrigation, influencing the
development of the plant, since Na" has Ability to retain water, hindering its absorption by plants, increasing the
toxicity of the solution and making it inadequate for the good development of the plant. These results
corroborate Travassos et al. (2012), which point out that the fresh phytomass of shoots was affected by the
salinity of the irrigation water in the variety Embrapa 122/V2000. The plants showed lower fresh mass of roots
as the electrical conductivity of water was increased, with a reduction of 77% (25.2 g) between ECa of 5.5 and
0.5 dS m™ (Figure 6). According to Asch et al., (2000), high salt concentration in irrigation water or soil, caused
mainly by the presence of Na" and CI  ions, can lead to an interruption in the homeostasis of the water potential
and ionic imbalance at the soil-plant interface and promote toxicity in the plant, altering its growth, besides
promoting reduction in the absorption of nutrients. In relation to nitrogenous fertirrigation times, there was no
significant difference for these variables.
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Figure 6. Fresh mass of aerial part and root of ornamental sunflower plants irrigated with saline water

Regarding the total fresh mass, there was a decrease with increasing ECa; notwithstanding, the nitrogen
fertigation at 0 and 10 DAE were more efficient when compared to the other applications. The application of
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fertirrigation at 30 DAE was the one that showed the lowest mass among the other applications (Figure 7). The
growth inhibition may have been due in large part to the toxic effects of the salts absorbed by plants, the low
osmotic adjustment capacity of the crop and the reduction of the total water potential caused by the increase in
saline concentration (Lacerda et al., 2006; Silva et al., 2011).
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Figure 7. Total fresh mass of ornamental sunflower plants irrigated with saline water and nitrogen fertirrigation
to the 0 (—), to the 10 (---), to the 20 () and to the 30 (——-) days after emergence (DAE)

DMS was affected by the conductivity of the irrigation water (Figure 8), providing a reduction of approximately
77% (23 g) between ECa of 5.5 and 0.5 dS m™'. There was no significant difference for treatments with nitrogen
fertilization in this variable. This behavior may have occurred because all treatments received the same amount
of nitrogen (60 kg ha™), but at different times. Results similar to this study were observed by Morais et al. (2011)
and Silva et al. (2009) in sunflower plants, also recording a reduction in DMS when increasing salt
concentrations were applied to irrigation water. For Flowers (2004), the growth inhibition of plants under salt
stress can be explained by the decrease in the osmotic potential of the soil solution, in addition to the possibility
of ionic toxicity, nutritional imbalance or both, due to excess accumulation of certain ions in plant tissues.
Furthermore, plants tend to close the stomata to reduce water loss through transpiration, resulting in a lower
photosynthetic rate, and contributing to reduced species growth under such stress.
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Figure 8. Dry mass of aerial part of the ornamental sunflower plants irrigated with saline water
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The dry mass of the root system was reduced by increasing the electrical conductivity of the irrigation water,
however, the plants that received the nitrogen fertigation at 0 and 10 DAE presented a similar dry mass, standing
out when compared to the other doses (Figure 9). Such evidence has been a classic behavior verified in other
studies when plants are subjected to saline stress (Blanco et al., 2008; Medeiros et al., 2011; Maciel et al., 2012).
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Figure 9. Dry mass of Root of the ornamental sunflower plants irrigated with saline water and nitrogen
fertirrigation to the 0 (—), to the 10 (---), to the 20 (---) and to the 30 (——-) days after emergence (DAE)

In Figure 10, it is observed that there was a decrease in the total dry mass of the sunflower plants as the electrical
conductivity of the irrigation water was increased, with a reduction of 78% (31 g) between ECa of 5.5 and 0.5 dS
m™. These results resemble those of Silva et al. (2009), who observed a significant reduction in the total dry
mass accumulation of plants, leaves, stems, roots and capitulums, besides changes in the leaf area and height of
ornamental sunflower plants with increased electrical conductivity (EC) of irrigation water. The decrease in leaf
area, leaves, stem, roots and capitulums is due to the osmotic and water stresses that are a consequence of the
saline stress in the root environment, which may, according to Ayers and Westcot (1999), promote physiological
imbalance to the plants.
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Figure 10. Total dry mass of ornamental sunflower plants irrigated with saline water

Seed mass (Figure 11) was significantly affected by the unit increase of the electrical conductivity of water,
where reductions were observed in all ECa, being related to the sunflower sensitivity to irrigation water salinity.
Salinity affects not only growth, but also crop production and fruit quality, with symptoms similar to those of
water stress (Tester & Davenport, 2003). The plants that received nitrogen fertigation stood out from the control,
showing a greater dry mass accumulation in the seeds. Lobo, Grassi Filho, and Coelho (2012), studying the
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effect of nitrogen fertilization on sunflower crop, found similar effect for seed mass. Information on the effect of
salinity of water and/or soil on production quality is scarce; in general, soil salinity, caused by irrigation with
saline water or by the combination of water, soil and crop management factors, may result in a reduction both in
the number of fruits and in the fruit and seed weight, directly influencing production (Rhoades et al., 2000).
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Figure 11. Seed mass of ornamental sunflower plants irrigated with saline water and nitrogen fertilization to the
0 (—), to the 10 (---), to the 20 () and to the 30 (——-) days after emergence (DAE)

The dry mass of the capitulum was negatively affected by the levels of salinity contained in irrigation water. As
the electrical conductivity of the water increased, there was a decrease in the dry mass of the capitulum, as can
be observed in Figure 12. According to Guedes Filho et al. (2015), increased irrigation water salinity
significantly affected the dry phytomass production of the capitulum, with a decrease of 42.3% (36.6 to 21.1 g
plant™) with an increase in the electrical conductivity of irrigation water from 0.15 to 4.5 dS m™". Ribeiro et al.,
(2016) obtained a reduction of 54.02% (24.2 g) of the dry phytomass of the capitulum in plants irrigated with
water presenting ECa of 4.5 dS m™, when compared to the controls (ECa of 0.5 dS m™).

In relation to nitrogen fertigation, the one performed at 30 DAE provided better results for the mass of the
capitulum, when compared to the other applications. Guedes Filho et al. (2015) also observed that the phytomass
of the capitulum, when the plant was fertilized with nitrogen, was superior to the control at all levels of irrigation
water salinity. The nitrogen fertilization results for phytomass growth are in line with those obtained by Munir,
Malik, and Saleem (2007).
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Figure 12. Dry mass of pseudostem of the ornamental sunflower plants irrigated with saline water and nitrogen
fertilization to the 0 (—), to the 10 (---), to the 20 (--) and to the 30 (——-) days after emergence (DAE)
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4. Conclusions

Irrigation water salinity negatively affects the growth wvariables, chlorophyll contents, phytomass and
productivity evaluated, where the conductivity of 5.5 dS m™' provides higher losses.

Fertigation at 10 days after emergence provided greater plant diameter, not demonstrating efficiency in the other
analyzed variables.

Nitrogen fertigation at 20 DAE, in general, shows increased chlorophyll a, b and total chlorophyll content in
sunflower plants.

Fertigation at 30 days after emergence was less efficient when compared to the other application times, and it
was not recommended for sunflower cultivation under the conditions of the experiment.
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