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ABSTRACT

Under saline conditions, the seed germination process is
often impaired. Thus, the use of organic residues may rep-
resent an alternative to mitigate salt stress in plants. This
study aimed to investigate sesame seed germination and
early growth, considering the influence of irrigation water
quality and the proportion of plant ash in the substrate.
Conducted at the Federal Rural University of Pernambuco,
the experiment tested different proportions of sugarcane
bagasse ash [0%, 13%, 26%, 40%, 54%] and irrigation
water qualities (0.3, 1.8, and 4.1 dS m™!). The ashes did not
mitigate the effects of irrigation water salinity, and their
increase had negative effects on emergence percentage.
However, an ash proportion of up to 13.7% increased the
emergence speed index when non-saline water (0.3 dS m!,
control) was used, but under saline water conditions, it
caused detrimental effects. Average emergence time and
average emergence speed showed positive results with ash
proportions up to 21% when non-saline water was used.
Plant height, stem diameter, and root length were nega-
tively affected by higher ash proportions in the substrate,
especially under irrigation with saline water.

Keywords: Sesamum indicum L., salt stress, organic

fertilizer, sustainable agriculture.
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INTRODUCTION

Sesame (Sesamum indicum L.), known for its versatility
and nutritional value, plays an important role in global
agriculture, particularly among small and medium-sized
producers, both for its socioeconomic benefits and its ease
of cultivation. However, successful crop production is
directly associated with efficient irrigation management,
especially in semiarid regions.)

According to Mesquita et al.,?) irrigation techniques
contribute to increasing productivity and stabilizing
agricultural production by ensuring that crops receive the
necessary amount of water during critical periods, thereby
reducing the effects of water scarcity. Nevertheless, it is es-
sential to consider not only the quantity but also the quality
of the irrigation water, since the use of lower-quality water
may impair plant growth and limit the expected outcomes
of irrigation.

Although sesame is a crop tolerant to water deficit, its
yield is affected by abiotic factors such as salinity. In semi-
arid regions, such as Northeastern Brazil, the availability
of fresh water for irrigation is limited due to the climatic
characteristics of the region, leading to the use of brackish
and saline water in several situations to maintain produc-
tive activities. However, when used, such waters may have
negative impacts on the early growth of plants, affecting
water and nutrient absorption.®

In many cultivated species, seed germination and
early seedling development are particularly sensitive
stages to salt stress. This stress compromises water ab-
sorption through specific ion effects, osmotic gradients,
and oxidative effects. The presence of Na® and Cl- may
reduce embryo viability and hinder reserve mobilization,
while salt accumulation promotes excessive reactive
oxygen species (ROS) and redox imbalance. As a result,
delays in germination, reduced uniformity, and impaired
seedling growth are observed, ultimately limiting crop
productivity.“® Therefore, it is necessary to adopt strate-
gies to minimize these effects.

In this context, the application of organic residues,
such as plant ash, may represent an alternative to increase
nutrient availability, improve the soil’s physical, chemical,
and biological properties, and mitigate salt stress in plants.
Plant ash, a byproduct of burning organic material, is rich
in calcium, potassium, phosphorus, and magnesium, which
neutralize aluminum (AI*") toxicity, reduce acidity, increase
nutrient availability in the soil solution, and enhance cation

exchange capacity.”¥

Therefore, the aim of this study was to investigate
sesame seed germination and early growth, considering the
influence of irrigation water quality and the proportion of

plant ash in the planting substrate.
MATERIALS AND METHODS

Location

The study was conducted in a greenhouse at the Federal
Rural University of Pernambuco, Academic Unit of Serra
Talhada (UFRPE/UAST), located in the northern portion of
the Pajet Valley microregion.

The climate of the region is classified as BSh, semiarid,
hot, and dry, according to Koppen. The area is character-
ized by irregular spatiotemporal rainfall distribution, with
annual precipitation ranging from 250 to 750 mm and an

average annual temperature of 27 °C.419

Experimental design

The experiment was arranged in a completely random-
ized design (CRD), with four replications of 25 seeds, in a
5 x 3 factorial scheme. The factors consisted of five dif-
ferent ash-to-soil proportions, based on the volume of tray
cells [0% (soil only), 13%, 26%, 40%, and 54% ash], and
three irrigation water qualities (0.3, 1.8, and 4.1 dS m™").

Materials used

Polystyrene trays with 200 cells, each with a volume of
15 cm3, were used. Each cell received one seed, sown at a
depth of 2 cm, of the sesame cultivar BRS Seda.

The sugarcane bagasse ash used in the study was ob-
tained from the furnaces of Engenho Santa Luzia, in the
municipality of Triunfo, Pernambuco, where sugarcane
bagasse is used as fuel for rapadura production. The soil
used in the substrate mixture, classified as Eutrophic Haplic
Cambisol,"V with sandy loam texture, was collected near
the experimental site (greenhouse). Both ash and soil were
chemically analyzed (Tables 1 and 2), following the meth-
odologies of Teixeira et al'? and Malavolta,'> respectively.

The sugarcane bagasse ash used in this experiment
presented high electrical conductivity (20.2 dS m™') and
alkaline pH (10.4), according to prior laboratory analysis.
These characteristics indicate a potential risk of inducing
salt stress in plants, especially in soils already sensitive
to salinization. However, the ash was applied under the
hypothesis that its benefits as a soil conditioner could

outweigh possible adverse effects related to salinity.

Rev. Ceres, Vigosa, v. 72, 73001, 2025



Emergence and initial growth of sesame under variations in

irrigation water quality and proportion of plant ash 3

Table 1. Chemical analysis of the soil (0—20 cm layer) used for planting substrate preparation

Soil
pH M.O K* Ca*  Mg* Na*  H'APF* CEC P Cu Fe Mn Zn PST \% EC
H,O gkg! cmolc dm? mgdm*——r—————— % dS m
6.7 11 0.8 4.4 22 0.08 2.4 7.6 5154 0.7 15 14.4 1.9 0.8 76 0.36

pH = Hydrogen Potential in water; M.O = Organic Matter; K" = Potassium Ca?* = Calcium; Mg?* = Magnesium; Na* = Sodium; H*Al3* = Hydrogen +
Aluminum; CEC = Cation Exchange Capacity; P = Phosphorus; Cu = Copper; Fe = Iron; Mn = Manganese; Zn = Zinc; PST = Percent of Exchangeable

Sodium; V% = Base Saturation; EC = Electrical Conductivity.

Table 2. Chemical analysis of the sugarcane ash used for the preparation of the planting substrate

Sugarcane ash

pH M.O K Ca Mg N P CEC Si Cu Fe Mn Zn Na EC
H,0 g Kg'! mg kg! dS m!
10.4 212.1 60.5 21.1 6 1.1 12.8 88.4 54 54 3660 717 135 830 20.2

pH = Hydrogen Potential in water; M.O = Organic Matter; K = Potassium; Ca = Calcium; Mg = Magnesium; N = Nitrogen; P = Phosphorus;
CEC = Cation Exchange Capacity; Si = Silicon; Cu = Copper; Fe = Iron; Mn = Manganese; Zn = Zinc; Na = Sodium; EC = Electrical Conductivity

Propagation material quality

To evaluate the quality of the propagation material,
the seeds were characterized (Table 3) by determining
the weight of one thousand seeds, moisture content, and
germination rate, according to the guidelines established
by the Ministry of Agriculture, Livestock, and Supply.t¥
The results obtained for the seeds used in this study are
similar to those reported by Silva et al.!> and Lima et al.1®
indicating that they meet the recommended standards for

sowing.

Table 3. Characterization of sesame seeds

ight of a th
Weight of a thousand Water content (%) Germination (%)
seeds (g)
3.53 4.8 85

Methodology and evaluated variables

For irrigation, non-saline water (control) with electrical
conductivity of 0.3 dS m™, supplied by the public distri-
bution system, and water from an artesian well, which
presented an electrical conductivity of 1.8 dS m™ at the
time of the study, were used.

According to Silva et al.,'? waters from the Brazilian
Northeast are predominantly classified as sodium chloride
type, with the following ionic predominance: CI- > Na* >
Ca?" > Mg?". In the present study, this composition was
not exactly reproduced. The saline solution was prepared

from artesian well water by adding NaCl and CaClz in a
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1:1 molar ratio, as adopted by Morais et al.'® and Lira et
al."” This formulation aimed to prevent substrate sodifica-
tion, with the presence of Ca?* being essential to balance
osmotic effects and reduce the specific toxicity of Na*. The
final concentration was adjusted to achieve an electrical
conductivity of 4.1 dS m™, calculated according to the
methodology described by Richards.?”

Qs = 640 x ECw, when ECw <5.0 dS m"!

Where:

Qs — salt quantity (mg L™);

ECw — desired electrical conductivity of the water
(dS m™).

Irrigation was carried out manually on a daily schedule
until drainage began at the bottom of the trays.

To evaluate the effects of the treatments on emergence,
daily counts were performed. In this process, four variables
were analyzed, as described below.

The emergence percentage (EP) was calculated consid-
ering only normal seedlings, following the methodology of
Labouriau and Valadares.?" The emergence speed index
(ESI) was determined from the daily counts of seedlings,
according to the recommendation of Maguire.?? The av-
erage emergence time (AET) was obtained based on the
daily seed counts, following the methodology proposed by
Labouriau,® with results expressed in days. Finally, the
average emergence speed (AES) was calculated according
to the methodology described by Carvalho and Carvalho,®?
also with results expressed in days'. Figure 1 illustrates

general aspects of the experiment.
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At 17 days after sowing (DAS), four seedlings per
treatment were collected, and the following variables were
analyzed: plant height (PH) and root length (RL), using a
graduated ruler, and stem diameter (SD), measured with a

digital caliper.

Statistical analyses

After verifying the normality of the data, they were sub-
jected to analysis of variance using the F-test at 1% and 5%
probability levels, utilizing the R Software version 4.2.1.2%

The proportions of ashes and the interaction between
the factors were analyzed through polynomial regression,
selecting the regression model based on the highest value of
the determination coefficient, significance of the equation
parameters, non-significant effect of regression deviation,

and biological explanation for the phenomena.

RESULTS AND DISCUSSION

According to the analysis of variance (Table 4), the
interaction between the factors water quality for irrigation
and ash proportions in the substrate was observed for all
variables, except for the percentage of emergence (EP), for
which a significant difference was found only for the ash
proportion factor.

For emergence percentage (Figure 2A), it was observed
that the increase in ash proportion in the substrate had a
deleterious effect on this variable, resulting in a progressive
reduction in germination as the amount of ash increased. Ac-
cording to the Ministry of Agriculture, Livestock, and Supply
(MAPA) Normative Instruction No. 45/2013,%9 standardized
sesame seeds must present at least 70% germination. This
percentage was achieved under conditions of exclusive soil
use or with up to 16.67% ash in the substrate. Higher propor-
tions resulted in marked decreases in germination rate.

This behavior can be attributed to the high sodium

content, which resulted in elevated electrical conductivity
of the ash (20.2 dS m™), along with the high pH of the sug-
arcane bagasse ash (Table 2), reflecting its strong corrective
capacity. Increased pH in the substrate can exert a poten-
tially detrimental effect on the seed germination process,
possibly inducing dormancy. Evidence also indicates that
the presence of plant ash may clog soil pores, reducing
aeration and oxygen availability, leading to surface sealing
and significantly impairing seed germination, as reported
by Rezende et al.?”

Another relevant aspect is the high iron (Fe) and
manganese (Mn) content in the ash, 3660 and 717 mg kg,
respectively (Table 2), which may have contributed to
the reduction in germination and seedling growth as ash
proportion in the substrate increased. However, additional
analyses would be required to confirm this response in the
present study.

Although essential in small amounts, even favoring dor-
mancy breaking, iron at concentrations above the optimal
range becomes phytotoxic. Excess Fe compromises ger-
mination and plant development by interfering with water
transport and absorption during seed imbibition, causing
permanent damage to the embryo. In addition, it induces the
formation of reactive oxygen species (ROS), which cause
damage to membranes, DNA, and proteins.®%

Similarly, manganese plays an essential role in ger-
mination, as its deficiency impairs seed emergence. It is
a micronutrient fundamental to physiological processes
related to the maintenance of cellular metabolic activity
and enzyme activation. On the other hand, excess Mn
can cause toxicity by inducing the production of reactive
oxygen species, inhibiting growth, impairing the selective

permeability of the membrane, and accelerating the degra-

dation of seed reserves, which hinders water and nutrient
uptake.(03?

Figure 1. 1A: Sowing of sesame seeds; 1B: Initial stages of seedling germination; 1C: Final stages of seedlings for biometric analysis;

1D: Biometric analysis 17 days after sowing.
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Table 4. Analysis of variance of emergence percentage (EP), emergence speed index (ESI), average emergence time (AET), average

emergence speed (AES), plant height (PH), stem diameter (SD), and root length (RL) of sesame seedlings

MEAN SQUARE

FV GL EP ESI AET AES PH SD RL
WATER (W) 2 139.05™ 0.258™ 0.387™ 0.00007" 1.704™ 0.074 2.157"
ASH (A) 4 4196.12" 9.192™ 10.806™ 0.003" 1.405™ 0.010™ 3.936™
WxA 8 305.05™ 0.827" 1.969™ 0.001* 0.914" 0.029* 2.592*
RESIDUE 45 179.61 0.230 0.254 0.0001 0.096 0.005 0.421
TOTAL 59 467.55 0.919 1.207 0.0004 0.350 0.011 1.013
CV (%) - 21.6 22.8 6.4 8.6 12.3 7.6 17.1

FV: Source of variation; GL: degrees of freedom; *: Significant by the F test (p<0.05); ™ Significant by the F test (p<0.01); ™ not significant;

CV: coefficient of variation.
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Figure 2. Emergence percentage (EP) of sesame seedlings under different proportions of sugarcane ash (A); emergence speed index
(ESI) of sesame seedlings under different irrigation water qualities and sugarcane ash proportions (B).

In Figure 2B, the interaction between water quality and
ash percentage for ESI is evident. When water with elec-
trical conductivity of 0.3 dS m™ was used, it was observed
that the initial increase in ash percentage in the substrate
resulted in an increase in ESI, reaching a maximum value
of 3.04 at the dose of 13.7% ash. This behavior can be
attributed to the improvement of the physical conditions of
the substrate, such as greater moisture retention during the
pre-emergence phase.

For the other two water sources (1.8 and 4.1 dS m), a
decreasing linear response was observed for ESI, with the
minimum value recorded at 54% ash in the substrate. This
demonstrates that the electrical conductivity of the water,
combined with the ability of sugarcane ash to alter the pH
of the solution, resulted in a lower emergence speed of the
plants.

Although the R? values for some models were relatively
low (0.56 - 0.60), reflecting the high biological variability

Rev. Ceres, Vigosa, v. 72, €73001, 2025

inherent to germination and early growth under salinity
stress, the models were retained because they adequately
captured the overall response trend and were consistent
with the underlying physiological mechanisms. Thus,
despite the statistical limitation, these models provide
useful and biologically consistent insights for interpreting
seedling responses

According to Dias et al.,*® emergence speed is a de-
termining factor for the rapid establishment of seedlings
under field conditions. Seedlings with higher emergence
speed indicate a more vigorous seed lot, which directly
translates into the development of plants more resistant to
stress.

Rezende et al.?” also reported negative effects of ash
on germination percentage and germination speed index
of pepper seedlings; however, these impacts were evident
only at ash proportions above 20% in the substrate used.

This divergence in relation to the results obtained in the
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present study can be attributed to physiological differences
between species (pepper and sesame) regarding osmotic
sensitivity and tolerance to compounds present in the ash,
in addition to possible variations in the type of ash used,
environmental conditions, and experimental management.

This result is particularly relevant for sesame, as it
demonstrates that the use of up to 13.7% ash is suitable,
promoting a favorable Emergence Speed Index (ESI)
for germination and early plant growth when water of 0.3
dS m! (control treatment) is used.

Dias et al.?¥ and Corddo et al.®® also reported that
increased salinity reduced emergence and germination
percentages, as well as the emergence and germination
speed indices of sesame seeds. The authors attribute the
observed reduction in these variables to the lower rate of
water absorption by the seeds, resulting from the increase
in soluble salt concentration in the substrate and the con-
sequent reduction in osmotic potential, which limits water
availability. In addition, they emphasize that the excessive
absorption of ions can induce toxicity both to the embryo
and to the endosperm membrane cells, compromising the
metabolism and development of the embryonic tissue.
High concentrations of sodium (Na*) and chloride (CI")
ions can negatively affect cell division and differentiation
processes, enzymatic activity, as well as the absorption
and translocation of essential nutrients, leading to delays
in seedling emergence and in the mobilization of reserves.

Although no data on temperature and light were re-
corded variables that directly influence germination and

the emergence speed index it is recommended that future

studies include them to deepen the analysis of the observed
effects. Nevertheless, this limitation does not compromise
the relevance of the findings, which contribute to the
understanding of the effects of ash and salinity on sesame
seedling emergence.

In Figure 3A, it is evident that the average emergence
time (AET) was affected by the increase in ash proportions
in the substrate. When water with EC of 0.3 dS m™! was
used, the lowest average emergence time was obtained with
21.4% ash, with an AET of 6.56 days. This value increased
with the addition of higher ash percentages in the substrate.
The same behavior was observed for water with EC of 4.1
dS m", with a AET of 7.31 days at 17.5% ash. However,
when water with EC of 1.8 dS m™! was used, the increase in
AET was linear and continuous up to the highest percent-
age of ash added.

For the average emergence speed (AES) (Figure 3B), a
quadratic behavior was observed, in which the use of water
with EC of 0.3 dS m™' showed a maximum point at 21.2%
ash, with 0.15 days! of AES. For irrigation water with EC
of4.1 dS m™, the behavior was similar to the previous treat-
ment, although less pronounced. In contrast, with the use of
water with EC of 1.8 dS m', a decreasing linear behavior
of AES was observed with the increase in ash proportion in
the substrate.

This behavior may result from highly negative osmotic
potentials promoted by the high electrical conductivity of
the irrigation water and the addition of plant ash, which
may have caused restricted water availability and reduced
minimum moisture levels required by the seed, therefore
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Figure 3. Average emergence time (A) and average emergence speed (B) of sesame seedlings under different irrigation water qualities

and proportions of sugarcane ashes.
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leading to longer germination time and lower germination
speed of sesame seeds.

Guerra et al.®® reported adverse effects of irrigation
salinity on average emergence time in beet crops. Although
this crop shows greater tolerance to salinity compared to
others, salts still exert significant impacts on the perfor-
mance of different cultivars.

For plant height (PH) (Figure 4A), no significant dif-
ferences were observed when water with EC of 4.1 dS m!
was used, with a mean PH of 2.2 cm, indicating growth
limitation. This effect can be attributed to osmotic stress
induced by high salinity, which hinders water absorption
by roots. Although no statistical differences were observed,
salinity may have compromised plant development, limit-
ing growth due to difficulty in maintaining water balance,
which impairs early growth.

The use of water with EC of 1.8 dS m™' promoted a de-
creasing linear response with increasing ash proportion in
the substrate. For water with EC of 0.3 dS m!, the quadratic
model best represented the behavior of the variable, with a
maximum point at 15.5% ash, corresponding to 3.03 cm
of PH.

»)

The progressive increase in ash proportions and the
use of irrigation water with an electrical conductivity (EC)
of 0.3 dS m™ did not result in significant changes in stem
diameter (SD) of sesame seedlings (Figure 4B), which
maintained an average of 0.98 mm. However, when water
with an EC of 1.8 dS m was used, a decreasing linear
trend was observed as the proportion of ash in the substrate
increased. This suggests that ash may have raised substrate
pH and, combined with irrigation water, increased EC, thus
exerting significant effects in reducing stem diameter.

For water with EC of 4.1 dS m’!, an increasing linear
response of SD was obtained with higher ash proportions
in the substrate. Pimenta et al.®” reported similar results
using biofertilizers and found that irrigation with saline
water provided superior outcomes compared to irrigation
with unrestricted water for sesame stem diameter.

According to Flowers and Yeo,®® the increase in stem
diameter under saline irrigation, and in the present study,
associated with higher ash proportions in the substrate, can
be explained by the regulation of ion concentration in the
shoot, which can be accommodated by an increase in either
cell size or number.
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Figure 4. Plant height (A), stem diameter (B), and root length (C) of sesame seedlings under different qualities of irrigation water and

proportions of sugarcane ash in the substrate.
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For root length (RL) (Figure 4C), irrigation with water
at EC of 4.1 dS m™' was not statistically significant, with an
average RL of 3.4 cm. In the treatment with irrigation water
at EC of 0.3 dS m’!, a quadratic trend was observed, with
a maximum RL of 5.02 cm at 8.6% ash in the substrate,
followed by a decline as ash proportions increased. When
water with EC of 1.8 dS m™! was applied, a linear decline in
RL was observed, indicating a negative impact of increas-
ing ash levels in the substrate.

Data on plant height (PH) and RL diverged from results
obtained by Castellanos et al.®® with wheat. According to
that study, plant height was not significantly influenced by
rice husk ash dosage when irrigated with saline water up to
8 mM NaCl. However, when NaCl concentration reached
16 mM, the study revealed that shoot length increased with
higher rice husk ash levels in the substrate, but decreased
significantly at the maximum ash dose, a pattern also ob-
served for RL.

Although irrigation water salinity is a common chal-
lenge that impairs crop growth, previous studies have
shown that agricultural practices involving organic inputs
can substantially mitigate or alleviate these adverse effects.
For instance, Pimenta et al.?” observed a positive effect
of biofertilizer on early sesame growth, while Sousa et
al.®9 reported that although salinity negatively affected
watermelon growth variables, the impact was significantly
reduced when the substrate was enriched with biochar.

The results of this study did not demonstrate the ef-
fectiveness of ash in mitigating salinity effects under the
experimental conditions established. Nevertheless, in prac-
tical field conditions, applying ash at adequate proportions
may contribute to early sesame development, especially
when irrigation water does not present salinity constraints.
This hypothesis underscores the need for further studies as-
sessing the interaction between ash proportions and salinity

levels in different management scenarios and crop species.

CONCLUSION

Ash was not effective in mitigating or reducing the
effects of saline irrigation water, and its incorporation into
the substrate generated negative impacts on sesame seed-
ling germination rate.

An ash proportion of up to 13.7% in the substrate
increased the emergence speed index of sesame seedlings
when irrigated with water at EC of 0.3 dS m''. However,
when saline water was used, the effects were detrimental.

Average emergence time and average emergence speed

showed positive results with ash proportions of up to
21% in the substrate when non-saline irrigation water was
applied.

Plant height, stem diameter, and root length were
negatively affected by increasing ash proportions in the
substrate, particularly under saline irrigation treatments.

The high alkalinity (pH) and electrical conductivity of
ash may have intensified salt stress in seedlings, reducing
its potential as a mitigating agent. This highlights the need
to characterize residues prior to agricultural use. Consid-
ering that ashes from different materials exhibit variable
compositions, future research should evaluate other sources
under field conditions, monitoring substrate dynamics over
time, with emphasis on pH, solution electrical conductivity,

water retention, and the capacity to mitigate salt stress.
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