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Abstract

The excess of salts may compromise the growth and physiological functions of plants, but the use of bovine
organic fertilizer can mitigate these effects. It was intended was to evaluate the saline stress in soil with and
without bovine organic fertilizer on the initial growth, the accumulation of biomass and the gas exchanges of
the okra culture. The test was conducted at the UNILAB's experimental farm, in Pirods, in Redencdo — CE city.
The freatments were distributed in a completely randomized design with five replications, in a 5 x 2 factorial
concerning five irrigation water salinity levels (1.0; 2.0; 3.0; 4.0 and 5.0 dS m”), in the presence and absence
of bovine organic fertilizer. Plant height, stem diameter, root length, a dry mass of shoot, photosynthesis,
transpiration and stomatal conductance were evaluated. The bovine organic fertilizer promoted better means
in initial growth and biomass in okra plants compared to the control treatment, thus showing efficiency in the
aftenuation of the salts present in irrigation water. The increase in the saline concentration of the irrigation
water reduced the gas exchange (photosynthesis, stomatal conductance and transpiration) in okra plants.

Nonetheless, in smaller proportions in the soil with the bovine organic fertilizer.
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Intfroduction

The okra (Abelmoschus esculentus (L.) Moench)
is a vegetable of African origin belonging to the family
of Malvaceae, with annual production, shrubby, rich
in carbohydrates, and
unsaturated fats. This culture is very well suited to family

proteins, vitamins, minerals
farming, especially because of the high number of labor
services in the harvesting, sorting and packing operations,
in addition to the precocity in production and a relatively
long harvest period and a good income alternative for
the small farmer (Filgueira, 2012).

In Brazil, there are excellent conditions for the
cultivation of okra, mainly in relation to the climate, being
popularly cultivated in the Northeast and Southeast (Mota
et al., 2008). According to data from the Agricultural
Census, in the year 2017, Brazil produced about 128,460
tons of okra, the Northeast being the second largest
producer with 32,337 tons, corresponding to 25.1% of

the national production (IBGE, 2019). In the Brazilian
semiarid region, irrigation is a fundamental practice to
obtain high productivity, however, salts present in water
and soil constitute a major obstacle to the production
system, because salt stress inhibits plant growth and gas
exchanges, thus compromising the productive aspects
(Guedes Filho et al., 2015; Sousa et al., 2018; Andrade et
al., 2019).

According to Freire et al. (2016), high soluble salt
concentrations decrease the osmotic potential of the soil
solution and hinder water uptake by plants, or toxic levels
of some elements, especially sodium, chlorine and boron,
causing nufritional imbalances and toxicity.

Nascimento et al. (2017) concluded, by
evaluating the vegetative growth of okra as a function
of irigation water salinity, that the height of the plant and
the okra stem diameter showed a negative response to
the increase of the salinity of the applied water. Shahid
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et al. (2011) verified that increased salinity caused a
decrease in shoot length and root length, photosynthesis
rate and stomatal conductance for okra culture.

A promising alternative that minimizes the effects
of saline stress on soil and plants is the use of organic
fertilizers (Gomes et al., 2015). The organic fertilizer is a
byproduct obtained from the fermentation of agricultural
residues or animal waste that can substitute or supplement
the chemical fertilization (Sousa et al., 2013a), being
applied via soil orin the composting preparation (Dhiman

& Dubey, 2017) for plant nutrition and in soil irigated with
saline water. Sousa et al. (2018) using the bovine organic
fertilizer in the inifial growth and in the exchanges in
soybean plants irrigated with salt water also found an
attenuating effect of this organic input for saline stress
freatments.

The objective was to evaluate the saline stress
in soil with and without bovine organic fertilizer on the
inifial growth, the accumulation of biomass and the gas
exchanges of the okra culture.

Table 1. Soil chemical characteristics before treatment application.

SOM N Ca? K* Mg?* No*  H + AP Al SB P CEC v
(9 kg') (cmol_kg") mg kg (%)
5.28 0.31 2.3 0.27 2.7 0.05 0.99 0.05 5.3 56 6.7 84

SOM - Soil organic matter; SB - Sum of bases (Na*+K*+Ca?+Mg?'); CEC - Cation-exchange capacity — [Ca? + Mg? + Na* + K * + (H* + A*)]; V- value of base saturation - (Ca?

+Mg? + Na* + K */ CEC) x 100.

Material and Methods

The experiment was carried out from September
to November 2017, in the area of the Pirods Experimentall
Farm, at the University of International Integration of Afro-
Brazilian Lusophony (NILAB), located in Redencdo, Ceard,
in the Macico de Baturité region. According to Képpen,
the local climate is classified as BSh '. The material used
as substrate was classified according to the Brazilian soil
classification system as Argisol Red Yellow (Santos et al.,
2018), whose analysis of chemical attributes can be seen
in Table 1.

The okra cultivar used in the experiment was
Santa Cruz 47. The plants were sown in Styrofoam frays
and, at 15 days, were transplanted into drained plastic
containers with a capacity of 14 liters. The experimental
test was conductedin full sun conditions. The experimental
design was completely randomized in a 5 x 2 factorial
scheme for the 5 levels of electrical conductivity of the
irigation water (1.0 dS m'; 2.0 dS m™; 3.0 dS m™; 4.0 dS
m and 5.0 dS m), versus the presence and absence of
bovine organic fertilizer, with 5 repetitions, making a total

of 50 experimental units.

The cultural freatments used in the experiment
were: weed confrol, carried out manually whenever
necessary. It was not necessary to use phytosanitary
products to control phyto-diseases.

Irigation was performed on a daily basis using
the pot weighing method (Puértolas et al., 2017),
supplying the volume of water every 24 h to maintain the
substrate with humidity corresponding to ?0% of the field
capacity. The amount of NaCl, CaCl,.2H,0, MgCl,.6H,0,
salfs used in the preparation of the irrigation water, was
defermined in order to obtain the desired ECw (electrical
conductivity of water) in the ratio 7:2:1 (Rhoades et al.,
2000) as shown in Table 2. Irrigation with water of different
salt levels was started eight days after transplanting (DAT)
and establishment of the seedlings.

The organic bovine fertilizer was prepared from
a mixture of equal parts of fresh manure and non-saline
water under aerobic fermentation for 30 days in a plastic
container. The organic fertilizer was applied twice (af
8 and 16 DAT) in volumes equivalent to 10% (700 mL

Table 2. Chemical characteristics of the waters used in the experiment.

Water electric conductivity (dS m™)

Attributes 0.25 1.0 2.0 3.0 4.0 5.0
Values
pH 6.9 6.5 7.2 7.1 7.3 7.3
SO % - -
Mg? 1.4 3.9 5.3 4.2 5.4 9.6
Na* 0.4 9.5 18.2 19.0 16.5 21.4
K* 0.2 0.2 0.2 0.2 0.2 0.2
Ca? 0.6 2.2 3.1 3.9 7.4 8.8
CO* - -
HCO, 0.1 0.1 0.1 0.1 0.1 0.1
Cr 2.5 16.2 27.0 27 .4 29.5 39.4
SAR (mmol L) 0.25 3.83 8.9 9.44 6.51 7.05
Classification Cs, Cs, cs, Cs, C§  Cg,
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plant ) of the volume of the substrate. The chemical
composition of the biofertilizer was analyzed according
to the methodology suggested by Malavolta et al. (1997)
is shown in Table 3.

At 45 days after sowing (DAT), the following
variables were evaluated: plant height (PH) using
graduated measuring tape, stem diameter (SD) with
digital caliper, root length (RL) with a graduated ruler, net
photosyntheticrate (A), franspirationrate (E) and stomatal
conductance (gs). Measurements were performed using
an infrared gas analyzer (LCi system, ADC, Hoddesdon,

UK), in an open system, with airflow of 300 mI min-'.

For the dry mass of shoot (SDM) and root (RDM),
the plants were conditioned in identified paper bags and
placed in an oven at 60° C unfil reaching a constant
value of dry matter. The total dry mass was composed of
SDM + RDM.

The observed data were submitted to analysis of
variance by the F test, those referring to the biofertilizer
were compared by the Tukey test and those of a
quantitative nafure by regression. For data processing,
the computer program ASSISTAT 7.7 BETA was used.

Table 3. Composition of macro and micronutrients in the dry matter of

bovine organic fertilizer.

N P K Ca Mg Fe Cu In Mn
gl! mg L
273 3.1 23 31 0.6 42.6 0.2 6.1 6.1

Results and Discussion

In the analysis of variance presented in Table 4,
it was found that the plant height, stem diameter, root
length, shoot dry maftter, dry matter of root and totfal
dry matter responded to separate effects of salinity
levels of irrigation water and organic fertilizer. In the net
photosynthetic rate, tfranspiration ratfe and stomatal
conductance, it was verified that there was a significant
influence in significance level of 1 and 5% by the F test

for the salinity interaction of irrigation water versus bovine
organic fertilizer.

The plant height responded in isolation to the
water salinity levels (Figure 1A). Irrigatfion with water of
up fo 2.01 dS m? did not inhibit plant growth reaching
the maximum value of 39.26 cm. However, as waters with
conductivity above this value, on the confrary, resulted in
growth inhibition, presenting the lowest value of 32.44 cm
at 5.00 dS m”, a reduction of 17.37%.

Table 4. Summary of variance analysis for plant height (PH), stfem diameter (SD), root length (RL),
shoot dry matter (SDM), root dry matter (RDM), total dry matter (TDM), net photosynthetic rate (A),
franspiration rate (E) and stomatal conductance (gs) of okra plants depending on the levels of
salinity of soil in irrigation water with and without bovine organic fertilizer.

Middle square

SV DF PH SD RL SDM RDM DM A E s
Treatments 9 60.69* 8.09** 36.04** 21.78** 9.82* 80.37** 33.35" 1.99** 0.02**
Salinity (S) 4 83.68* 4.03* 50.57** 25.23*  9.47* 101.38** 26.49** 238"  0.04**
Biofertilizer (B) 1  149.64* 48.62** 106.58** 72.72** 47.14** 283.45** 47.58** 4.47** 0.05**
BxS 4 1547~ 202 3.88™ 561 0.83® 860" 36.66™ 0.99* 0.01*

Residue 40  21.15 1.21 7.29 7.22 3.58 13.32 4.76 0.34 0
OA 36.99 9.81 20.48 8.64 4.12 13.04  30.66 11 0.57
CV (%) 1243  11.21 13.18 31.1 35.94  27.98 7.12 33.7 10.27

SV - Source of variation; DF — Degrees of freedom; CV - Coefficient of variation; OA - overall average *Significant at 0,05 level of probability by Tukey's test; **
Significant at 0,01 level of probability by Tukey's test; ns — not significant.

A B
i 8720
40 ’___,“‘\‘_\’ 3526 b
_ o
6 §
=2 =
X X
y = -0.7843 +3.0757x +36.17 R2 = 0.92
0 0
1 2 3 4 5 With Without

Water electrial conductivity - ECw (dS m™) Organic fertilizer
Figure 1. Height of okra plants (PH) with different levels of salinity in irrigation (A) and in soil with
and without bovine organic ferfilizer (B). Means followed by different letters in the column are
statistically different by Tukey test at 0.05 probability level.

Comunicata Scientiae, v.11: e3241, 2020



Sousa et al. (2020)

Morphophysiological characteristics of...

In the presence of salts, there is an increase in the
osmotic pressure of the medium, which will consequently
reduce the water available fo the plants, which will also
affect the elongation of the cells and consequently the
height of the plants (Oliveira et al., 2014).

Similar results of decreasing plant height were
found by Sousa et al. (2017) in the irrigation of sesame
plants with different levels of saline water. The same
was also observed by Sousa ef al. (2018) by evaluating
the effect of irrigation water salinity on soybean culture
growth on soil with bovine organic fertilizer.

It can be seen in Figure 1B that the freatments
with bovine organic fertilizer resulted in higher PH values.
(38.72 cm) in relation to the soil without the organic input
(35.26 cm) in okra plants. The superiority presented by
the bovine organic fertilizer confirms the suggestion of
Garcia et al. (2018), by stating that humic substances
act on the soil structure, thus promoting an important
role in the development of the root system of plants,

sD (cm)

y =-0.357x + 10.887 R? =0.79

1 2 3 4
Water electrial conductivity - ECw (dS m™)

5

and consequently in their growth. Alencar et al. (2015),
point out that the application of biofertilizer improves
the physical quality of the soil, particularly with regard
to water retention due to the increase in microporosity.
It is also believed that the use of this form of organic
fertilizer may favor the activity of the soil microbiota, also
conftributing to the improvement of physical properties.

A similar frend was obtained by Sousa et al.
(2014b) when higher growth of peanut plants (Arachis
hypogaea L.) in the presence of bovine organic fertilizer
was obtained.

The increase in the salinity of irrigation water
inhibited the growth of okra plants, which was verified by
stem diameter, with a 16.7% reduction with increasing salt
concentrations of 1.0 o 5.0 dS m™' (Figure 2A). Such results
are due, according to Taiz et al. (2017) because the
excess of salts reduces water absorption, compromising
meristematic activity and cell stretching.

108 a

8.83b

SD (cm)

With Without
Organic fertilizer

Figure 2. Stem diameter of okra plants (SD) with different levels of salinity in irrigation (A) and in soil
with and without bovine organic fertilizer (B). Means followed by different lefters in the column are
statistically different by Tukey test at 0.01 probability level.

Corroborating with this information, Lima et al.
(2015), evaluating the culture of the eggplant irigated
with water of increasing salinity used in irrigation, also
obtained similar results to those of this study.

It can be noted that the use of bovine organic
fertilizer favored the development of SD in comparison to
the treatment without the presence of the organic input
in okra plants (Figure 2B). This organic input promotes
greater osmotic adjustments between the roots and the
soil solution, minimizing the toxic effects of salts (Aydin et
al., 2012), and releases humic substances into the sail,
increasing the efficiency of water and nutrient absorption
(Caron et al., 2015).

Similar results were obtained by Gomes et al.
(2015), because in the freatments with organic fertilizer
applied to the soil, the values of stem diameter were
higher in relation to the soil without application of
the input. Sousa et al. (2014b) obtained similar results,
verifying a positive effect of the bovine organic fertilizer

on the stem diameter of the peanut in relation to the sail
without input.

It is observed in Figure 3A that the root length
was inhibited linearly insofar as the salt level increases,
presenfing a reduction of 5.9 cm (25.76%) between the
lowest and the highest saline level.

The effect of salinity on root development is due,
in part, to the fact that the roots are in direct contact
with the salts of the medium (Guimardes et al., 2013).
These results are consistent with those of Guimardes et
al. (2013), where they verified that the root growth of the
Mulungu seedlings was reduced linearly by the increase
of the salinity of the irrigation water. These results also
resemble those found by Coelho et al. (2014), which
showed significant reductions in sorghum root length at
electric conductivity of 2.5 dS m-'.

The average values presented in Figure 3B show
that with the organic fertilizer the RL was higher (21.94 cm)
in relation to the absence of the input (19.02 cm). It can

Comunicata Scientiae, v.11: e3241, 2020
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25 2194 a

19.02 b
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Figure 3. Roof length of okra plants (RL) with different levels of salinity in irrigation (A) and in soil
with and without bovine organic fertilizer (B). Means followed by different letters in the column are
statistically different by Tukey test at 0.01 probability level.

be hypothesized that, in addition to the nutritional effect
the bovine organic fertilizer applied to the surface of the
substrate forms a barrier layer fo the high losses of water
by evaporation, which allows plant cells to remain turgid
for longer in relatfion to plants that did not receive the
input (Cavalcante et al., 2010).

Medeiros et al. (2011) observed that in soils with
the presence of organic fertilizers these promoted greater
root length of the tomato compared to the soil without
any type of organic input. The same was observed by
Véras et al. (2015), because they verified that the papaya
seedlings that did not receive the doses of organic
fertilizer reached smaller values of the analyzed variable.

The salinity affected in isolation the dry mass of

>

*
10
*

y =-0.936x + 11.45 R2=0.86

SDM (g)

1 2 3 4 )
Water electrial conductivity - ECw (dS m™!)

the aerial part (SDM) of the plants Figure 4A. Shows that it
reduced linearly (38.04%) according to the EC increase.
It is worth mentioning that the decrease in biomass must
have been caused, mainly, by the toxic effects of the
salts absorbed by the plants and by the reduction of the
total water potential caused by the increase in saline
concentration (LUcio et al., 2013).

Corroborating this statement, Sousa et al. (2016q),
imigating the radish culture with saline waters, registered
frends similar to that of this study for this variable. A similar
result was found by Reges et al. (2017), when they verified
that increasing levels of irrigation water salts affected
SDM in bell pepper plants.

w

9.84 a

7.43b

SDM (g)

With Without
Organic fertilizer

Figure 4. Shoot dry mass of okra plants (SDM) with different levels of salinity in irrigation (A) and
in soil with and without bovine organic fertilizer (B). Means followed by different letters in the
column are statistically different by Tukey test at 0.01 probability level.

It can be seen in Figure 4B that in the freatments
with bovine organic fertilizer, SDM values were higher (9.84
g) than in the absence of organic fertilizer (7.43 g) in okra
plants. Thisresult is justified due to the fact that the nitrogen
provided by the bovine organic fertilizer promoted a
higher allocation of aerial biomass, in addition to the
humic substances also present in the organic bovine
fertilizer, favor the water retention capacity and its larger
amount of plants used (Balmori et al., 2014).

Confrary results were obtained by Reges et
al. (2017), studying the bell pepper crop, in which the
excessive ferfilizer reduces the development of the plant

under higher saline stress, affirm that the plants showed
higher SDM in the freatments with the bovine organic
fertilizer. Sousa et al. (2012b), in turn, in a work with corn,
under different concentrations of bovine organic fertilizer,
affirms that higher concentrations of organic matter lead
tfo an increase in dry matter aerial part.

With regard fo the net photosynthetic rate, it can
be seen in Figure 5, that the quadratic polynomial model
provided a maximum value of 34.23 mol m*g! for a ECw
of 2.74 dS m' and 31.1607 mol m2g™' in the same EC at
1.80 dS m’, in the presence and absence of the bovine
organic fertilizer, respectively. With the increase in saline

Comunicata Scientiae, v.11: e3241, 2020
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concenfration and, consequently, greater difficulty of
the plant to absorb water from the soil, the plant needs
to reduce the loss of water, resulting in a decrease in
stomatal conductance. With the reduction of stomatal
conductance and consequent stomatal closure, some
parameters such as liquid photosynthesis and water use
efficiency change (Oliveira et al., 2017).

40
35 A

. ,@

25

A (mol m2g™)
3

A Y =-0.4936x2 +2.3344x + 30.902 R? = 0.56

By =-0.4643x2 +1.6717x +29.656 R = 0.56

1 2 3 4 5
Water electrial conductivity - ECw (d$ m')

Figure 5. Net photosynthetic rate (A) in okra plants with
different levels of salinity in irrigation in soil with (a) and
without (m) bovine organic fertilizer.

However, when using animal organic fertilizer
(bovine), an attenuating effect occurs in plants irrigated
with saline water, as reported by Gomes et al. (2015)
when studying photosynthesis in the sunflower culture
and Sousa et al. (2018) in soybean culture.

Figure 6 refers to the stomatal conductance,
demonstrating that it was negatively affected by the
salinity of the irrigatfion water, so that the data conformed
to the quadrafic model of polynomial regression for
the absence of the bovine organic fertilizer and linear
decreasing when the organic fertilizer was present. The
first one showed a decrease at 2.54 dS m' (0.5744 mol
m2g') and the second one declined 36.98% (0.73 to 0.46).

0.8
0.7
0.6

; L []
P 05

0.4

49!)

molm

= 03

gas

0.2
Ay =-0.054x +0.774 R2=0.71

0.1
By =-0.0171x2 +0.0869x +0.464 Rz =0.65

0

1 2 3 4 5
Water electrial conductivity - ECw (dS m™)

Figure 6. Stomatal conductance values (gs) in okra plants
imigated with different levels of salinity in irrigation in soil with
(a) and without (m) bovine organic fertilizer.

Although the mathematical model differed in
both freatments, the plants presented greater resistance

to saline stress when the organic fertilizer was applied.
This is possibly due to an improvement in the nufritional
supply fo the plant as a consequence of the action of the
humic substances released by the application of organic
material, causing a difference in the osmotic potential of
the root system and the soil while aftenuating the water
loss and increases plant resistance to stomatal closure
(Lacerda et al., 2003; Silva et al., 2011).

Similar results were obtained by Silva et al. (2013)
when there was an increase in saline levels of irrigation
water, damaging, thus, the stomatal conductance in
string bean plants ferfilized with bovine organic fertilizer.
The same was attested by Sousa et al. (2016b), when
studying the maize culfure, in which saline stress inhibited
stomatal conductance in the presence and absence of
organic fertilizer.

Figure 7 shows that there was a significant
reduction in transpiration, with an increase in the
concentration of salts in irrigation water. However, this
was mitigated by the presence of bovine organic fertilizer
(4.65%). According to Taiz et al. (2017), this is due to
reduced leaf growth, a plant defense mechanism under
salt stress conditions, in which also reduces perspiration
adds that
reducing the amount of transpired water can contribute
fo the reduction of the absorption and loading of Na*
and CI ions to the interior of the plants.

and prevents water loss. Larcher (2006)

12 : "
ks T
L -
t 8
©
£ 6
£
w 4
o | A y=0212¢+12.7 RE=0.5249
By =-0.221x + 11.329 R? =0.2701
0
1 2 3 4 5

Water electrial conductivity - ECw (d§ m')

Figure 7. Transpiration values (E) in okra plants irrigated with
with different levels of salinity in irrigation in soil with (a) and
without (m) bovine organic fertilizer.

Gomes et al. (2015) when evaluating the
sunflower culture found that the irrigation water affected
in a linear way the values of transpiration of the plants,
being less affected in the presence of the bovine
organic fertilizer. Similar results were obtained by Sousa
et al. (2014a), working under greenhouse conditions with
cowpea. The same was observed by Sousa et al. (2018),
when studying the effect of irrigation with saline water in
the soybean culture in soil with bovine organic fertilizer.

Comunicata Scientiae, v.11: e3241, 2020
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Conclusions

Saline stress affects the initial growth and
accumulation of biomass in okra plants.

The organic fertilizer was more efficient in initial
growth and biomass in okra plants than in the control
freatment.

The

of the irigation water reduced the gas exchange

increase in the saline concenfration

(photosynthesis, stomatalconductance and franspiration)
in okra plants, however, in smaller proportions in the sall
with the bovine organic fertilizer.
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