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THE study aimed to determine the efficacy of harvest dates and storage periods under
various plant biostimulants on growth, yield and seed quality of Sesame (Shandawil 3).
Reaching the best storage period as a way for expanding sesame cultivation in newly reclaimed
lands. Results revealed that spirulina mixed with chlorella achieved a significant increase in
most of the studied traits such as the plant height, number of branches/plant, number of leaves/
plant, first capsule height, number of capsules/plant, biological yield, seed yield, standard
germination, seedling length, electrical conductivity, thousand seed weight, protein content,
seed oil of sesame seeds, peroxidase value and acidity number followed by chlorella, spirulina
and vinasse individually. For the harvest date, the optimum date (120 days) achieved significant
values for most of the studied traits compared with harvest date (105 days). Storage periods
of 0, 6, and 18 months, respectively recorded the highest values for germination and seed
quality. In comparison to other periods, 18 months of storage produced the lowest values for
germination percentage, seedling length, seedling dry weight and vigour index. Respecting the
interaction effects between biostimulants and harvest dates, spirulina+ chlorella achieved the
highest plant, highest No. branches/p, while, chlorella 2% alone recorded the highest number
of leaves/plant. Spirulina 2% recorded the highest values of highest of first capsules. Using
Spirulina with chlorella at the optimum harvesting date gave the highest values of a number of
capsules/p, seed yield, and biological yield compared with other treats. Seedling parameters are
no appreciable variations among stimulants, harvesting dates, and storage periods.

Keywords: Sesame, plant biostimulants vinasse; spirulina, chlorella, harvest dates, storage,
seed quality

Introduction

In Egypt, Sesame (Sesamum indicum, L.) is
considered the most important oil crop. Further
study is required to boost sesame production
by utilizing plant biostimulants to enhance seed
germination and seedling characteristics because
of Egypt’s severe edible oil shortage. Sesame
is grown for its seeds, which contain 50% oil,
8% protein, 18% carbs, 3% fibre, and 6% ash,
according to (Atia et al., 2014). (Sharaby &
Butovchenko, 2019), elucidate sesame seeds are
more important as a source of protein, calcium,
and phosphorus. Additionally, it is anticipated

that future changes in land use, management,
and climate will lead to an even greater increase
in abiotic stress (Chaudhry& Sidhu 2022). One
of the primary goals of agronomists is to mitigate
the effects of environmental stress on seed
germination and early seedling growth. Similarly,
developing abiotic stress-tolerant seeds through
conventional breeding programmes requires a
significant amount of time and resources, and the
use of genetically modified seeds for agricultural
purposes is restricted in many countries. As an
alternative, seeds can be treated with biostimulants
to improve germination and seedling vigour in
both ideal and stressful conditions (Gupta et
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al., 2022). Biostimulants can help improve plant
growth and sesame crop quality (Applications,
2021). Several factors can influence sesame
seed production, including the use of plant
biostimulants on the foliar application. Also,
improve crop health, yield, and quality Sonia
(2024). Using biostimulants is acknowledged as a
state-of eco-friendly farming method that supports
crop sustainability (Sun 2023). Environmental
stress conditions have a negative impact on seed
germination and seedling establishment, which
are the most critical and vulnerable stages of
a plant’s life cycle. Vinasse is a suspension of
organic matter and solid minerals that is produced
when alcohol is distilled; it contains some non-
volatile compounds, alcohol, and leftover sugars
and has a favourable impact (Karthiga Devi et
al., 2019). Furthermore, the physical, chemical,
and biological properties of the soil have improved
as a result of the use of vinasse for irrigation,
particularly in sugarcane farming (Moran
2016). (Sow & Ranjan, 2021) demonstrated that
applications of spirulina are one of the beneficial,
potent supplements provided by nature with
hardly perceptible side effects. A practical and
affordable method of increasing crop productivity
and food security. Spirulina can be used as a
stimulant in organic farming systems, but more
research is needed and farmers should be aware
of Spirulina’s success as a plant biostimulants
for the growth and yield of various crops rather
than chemical biostimulants. Chlorella vulgaris is
green algae that is commonly found in freshwater,
oceanic, and geostationary environments (Ru
2020). It has a high photosynthetic ability and
the potential to grow rapidly in autotrophic,
mixotrophic, and heterotrophic environments
(Richmond 2013). Furthermore, chlorella
vulgaris contains a variety of Dbeneficial
components such as essential amino acids, dietary
fibres, minerals, proteins, bioactive compounds,
chlorophylls, and antioxidants (De Morais 2015).
Chlorella vulgaris has enormous potential due
to its high nutritional value, as demonstrated
by numerous studies. Seed quality and quantity
must be maintained through appropriate storage.
The conditions during harvesting and the type
of storage structures used determine how long
the seed can be safely stored, and the loss of 25-
33% of the annual global grain crop, including
seeds, during storage has a significant impact on
food security around the world. (FAO, 2018).
(Alemayehu et al., 2020) demonstrated that while
post-harvest loss-mitigation techniques have
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been proven successful, their implementation
has been slow in most developing countries. To
preserve the quantity and quality of sesame seeds
for consumption, seeds for the next season, and
to boost competitiveness in the export market a
crucial issue for Egypt better storage technologies
areneeded. The purpose of study was to investigate
the effect of various plant biostimulants, harvest
dates, and their interactions on growth, yield,
and yield components to assess the effects of
storage periods on seed germination, seedling
establishment, and oil seed quality of sesame cv.
Shandweel-3 cultivar in newly reclaimed soils.

Materials and Methods

Two field experiments were carried out at
the Experimental Farm of Agriculture of the
Experimental and Research Centre, Faculty of
Agriculture, Samalout, El-Minia University,
(latitude of 28.05° N and longitude of 30.44°
E altitude of 40 m above sea level), El-Minia
Governorate, Egypt, and Seed Technology
Research Unit. Field Crops Research Institute
(FCRI); Agricultural Research Center (ARC),
Dakahlia Governorate, during two seasons of
2020 and 2021. Table (1) shows the mechanical
and chemical analysis of the experimental soil
conducted prior to sowing, as per (Avery and
Bascomb 1982).

The plants were sprayed with two types of
algae, namely spirulina and chlorella, in addition
to vinasse. The harvest was done on two different
dates 105 and 120 days after planting, and all
field readings were taken. Seeds resulting from
the harvest dates were stored for a period of (0-6-
18) months. Laboratory measurements were taken
for the storage periods, which includes: (standard
germination, length of seedling, seedlings dry
weight, seedlings vigor index, thousand seed
weight, electrical conductivity, specific gravity,
percentage of seed moisture, percentage of protein
in seeds, percentage of seed oil, peroxidase
number, and acid number of seed oil).

Agricultural practices:

The seeding rate was 4 kg/fed. Seeds were
planting at hills 10 cm. apart; the plants were
thinned after the first hoeing (21days from
planting) to one plant/hill. Calcium superphosphate
(15.5% P,0,) was applied at a rate of 200 kg/fed
during soil preparation and 50 kg/fed thereafter
potassium sulphate (48% K,O) was added during
the second irrigation. However, nitrogen fertiliser
was applied in the form of ammonia nitrate
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TABLE 1.The physical and chemical characteristics of the test soil.

Chemical characteristics Value Physical characteristics Value
pH. (1: 2.5). water 8.1 F.C. % 16.4
Ca CO3 (g/kg.) 3.7 PWP % 6.6
CEC. cmolc/kg. 14.8 WHC % 30.2
Electrical Conductivity. 1.2 Av. (F.C.-PWP) % 9.8
Organic Matter. g/kg. 0.5 Av. (WHC - PWP) % 23.6
Total N. mg/kg 493 Sand 68.3
Total P. mg/kg 19.4 Silt 16.7
Total K. mg/kg 334.3 Clay 15.1

Soil texture

Loamy sand

F.C: Field Capacity, PWP: Permanent Wilting Point, CEC: Cation Exchange Capacity, WHC: Water Holding

Capacity, and Av.: Average.

(33.5%N) at a rate of 30 kg. N/fed. in two equal
doses 21 and 45 days after sowing. All other
recommended agricultural practices for sesame
production were implemented in accordance with
the Ministry of Agriculture’s recommendations
(land preparation, irrigation, fertilizer, weeding
etc..). In both seasons, the preceding winter crop
was wheat (Triticum durum, L.). A Randomized
Complete Block Design (RCBD) was used in
a split-plot arrangement and three replicated.
Plant biostimulants assigned to the main plots.
Harvesting dates were assigned to sub-plots
measuring 10.5 m2 (3.5 x 3m) with 6 ridges (50
cm apart) and a ridge length of 3.5 m.

Plant biostimulants treatment:

Five biostimulants treatments consists of i.e.,
(al=control, a2= Vinasse, a3= Spirulina, a4=
Chlorella, a5= Spirulina + Chlorella). We added
three equal doses every 15 days after thinning.
Harvest dates consists of i.e., (b1= optimum date
at 120 days, b2= before 15 days of optimum date
at 105 days).

The sowing dates for the first and second
seasons were May 1* and 11", respectively. The
ideal harvesting date (120 days) was on 1*and
10" of September in both seasons, consequently.
Seeds for the sesame cultivar Shandaweel-3 were
obtained from the Oil Crops Research Department,
Field Crop Research Institute, ARC, Giza, Egypt.
To prevent rot infection, these seeds were treated
with Rizolex-T (3 g/kg seeds) prior to planting.

Storage conditions:
Sesame seeds were obtained after harvesting

for each biostimulate treatment divided into two
main parts according to the harvest date. Damaged
and spoiled seeds were discarded, each main part
was divided into three equal parts according to the
storage period. All measurements and laboratory
tests were performed on the first part (zero age
storage) as the control treatment. Samples were
stored in moisture-proof aluminium foil bags with
tightly sealing after evacuating the air according
to Alaa Shahein and Amany Mohamed (2016)
and Raleng et al., (2014) under normal storage
conditions in Seed Technology Research Unit
until the date of preparation for laboratory
measurements and tests after (6 and 18 months).

The recorded data:

At harvest, samples of ten guarded plants
were randomly selected from inner ridges in each
sub plot to estimate the following traits: 1. Plant
height 2. Number of branches per plant 3. Number
of leaves per plant 4. The first capsule’s height
5. Number of capsules per plant 6. Biological
yield (tonne/fed.) 7. Seed yield per plant (g) 8.
Seed yield (ardab/fed) 9. Standard germination
percentage: The International Seed Testing
Association (ISTA 1999) defined germination
percentage as the percentage of normal seedlings
at the end of the testing period. Three replicates
were used for germination at 25°C for 8 days.
Normal seedlings were counted and expressed
as germination percentages at the final count.
Ten normal seedlings from each replicate were
taken to measure seedling length and seedling dry
weight in accordance with (Krishnasamy and
Seshu 1990) 10. Seedling length 11. Electrical
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Vinass Spirulina

Chlor=lla

Fig.1. Photos of plant biostimulants materials used in the experiment

conductivity: EC (uscm/g). 50 seeds were
weighted and soaked in 250 ml of deionized water
at 25°C for 24 hours was estimated according
to (ISTA 1999) 12. Thousand-seed weight (g)
13. Protein content was determined using micro
Kjeldahl, according to (Jackson 1976) 14. The
oil of sesame seeds was determined according
to (AOAC 1990) using the Soxhlet apparatus
and petrolium ether as the solvent 15. Peroxidase
value and 16. Acidity.

Statistical analysis:

Data from each sesame seed experiment
were statistically analysed using the Statistix-8
computer software programme in accordance with
the analysis of variance (ANOVA) approach for a
Randomised Complete Block Design (RCBD), in
the split plot design as described by (Gomez and
Gomez 1984). To compare the treatment means,
use a 5% probability.

Results

Plant biostimulants:

Plant biostimulants have recently been
proposed as a means of achieving long-term
crop production. The results in Table 2 showed
that foliar application of plant biostimulants
had a significant effect on plant height, number
of branches/plant, number of leaves/plant, and
height of the first capsules. Harvesting date in
optimum date recorded the highest values of traits
comparing with early harvesting date. In light
of the results in Table (2) the optimum harvest
date recorded the highest values of studied traits;
plant height, number of branches/plant, number
of leaves per plant and height of first capsules.
Conversely, early harvest recorded the lowest
values. The highest plant (98.7 and 102.26),
number of branches/plant (2.55 and 2.70), number
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of leaves/plant (86.13 and 80.27), and height of
first capsules (30.40 and 30.51) in both seasons.

Spirulina+chlorella had the highest value for
this trait, followed by Spirulina (2%), Chlorella
(2%), and Vinasse (2%). When using a combined
foliar application of spirulina and chlorella, the
tallest plant height (113.67 and 106.17 cm), the
highest number of branches/plant (3.44 and 3.63),
and the highest number of leaves/plant (106.33
and 97.00) were achieved. The height of the first
capsules (44.67 and 45.28) was achieved with the
control treatment. In order to fully implement a
circular economy strategy, modern agriculture
must be revaluated and expanded its business
models and practices. To accomplish this, it
must incorporate opportunities from a variety of
adjacent sectors and value chains, including the
bio-based industry. The information gathered
and presented in Table (3) showed that the best
harvesting date ever observed highest number of
capsules/p (151.33 and 146.36), seed yield/plant
(g) (20.33 and 2024), biological yield/fed.(ton)
(2.66 and 2.91) and seed yield/fed (ardab) (4.78
and 4.62).

Table (3) shows that biostimulants had a
significant effect on the number of capsules
per plant, seed yield/plant (g), biological
yield/fed. (tonne), and seed yield/fed (ardab).
Spirulina+chlorella had the highest values
followed by 2% spirulina, 2% chlorella, and 2%
vinasse. The highest number of capsules plant
(196.33 and 201.73), Seed yield/plant gave
(28.23 and 28.23), biological yield obtained
(4.17and4.42), seed yield/fed (ardab) recorded
(6.47 and 6.82) recorded when using combined
spirulina+chlorella followed by spirulina 2%,
chlorella 2% and vinasse 2%.
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TABLE 2. Plant height, number of branches per plant, number of leaves per plant, and height of first capsules as
affected by foliar spray with biostimulants, harvest dates, and their interactions during the 2020 and

2021

Treatments Plant height (cm) Branches/plant Leaves/plant Flllisltglclzt'lz:uml; s

2020 2021 2020 2021 2020 2021 2020 2021

A.Plant biostimulants

Control 73.33 75.78 1.57 1.60 47.83 35.67  44.67 4528
Vinasse 2% 90.83 96.18 1.77 1.88 62.50 68.67  31.17  37.12
Spirulina 2% 104.17 101.89 2.56 2.44 85.67 84.50 2750 3240
Chlorella 2% 94.83 99.73 2.53 2.80 95.17 79.50  23.00  25.12
Spirulina+ Chlorella 113.67 106.17 3.44 3.63 106.33  97.00 21.17  21.26

F test sk ns * * ns sk sk sk
LSD 0.05 11.99 - 1.16 1.04 - 16.98 5.72 5.39

B Harvest dates

1. (120 days) 98.07 102.26 2.55 2.70 86.13 80.27  30.40  30.51
2. (105 days) 92.67 89.63 2.20 224 72.87 6587  28.60  33.97

F test ns ns * * ns ok ns ns

LSD 0.05 - - 0.35 0.40 - 7.65 - -

ns-not significant  **. significant at 0.05 level of probability.

TABLE 3. Number of capsules/p, seed yield/plant (g), biological yield/fed (tonne), and seed yield/fed (ardab) as
affected by foliar spray with biostimulants, harvest dates, and their interactions during 2020 and 2021

Capsules/plant Seed yieldfplant Bi(’lfoe%i.c(*t‘(ln)l’)ield/ See?ﬁ{iﬁ% fed,
Treatments (2)
2020 2021 2020 2021 2021 2021 2020 2021
A.Plant biostimulants
Control 79.67 77.96 11.48 10.32 1.32 1.57 3.04 2.96
Vinasse 2% 98.67 115.61 15.25 15.28 1.59 1.84 3.79 3.75
Spirulina 2% 139.17 129.18 17.33 17.43 2.67 2.85 3.99 4.06
Chlorella 2% 147.00 164.43 23.71 23.36 2.88 3.13 491 4.82
Spirulinatcorella 196.33 201.73 28.23 28.23 4.17 4.42 6.47 6.82
F test * *% *% *% *% *% *% *%
LSD 0.05 47.15 46.15 4.05 3.17 0.79 0.74 0.83 0.73
B.Harvest dates
1. (120 days) 151.33 146.36 20.33 20.24 2.66 291 4.78 4.62
2. (105 days) 113.00 129.20 18.06 17.60 2.39 2.61 4.10 4.34
F test *% *% *% *% *% *% *% ns
LSD 0.05 23.22 11.54 0.57 1.14 0.09 0.12 0.38 -

ns-not significant  **. significant at 0.05 level of probability.
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Influence of plant biostimulants, harvest date, and
storage time on seed quality

Table (4) exhibits that the addition of
biostimulants as foliar spray resulted in
pronounced responses in germination percentage,
seedling length, seedling dry weight, and seedling
vigour index when compared to the control. Long
storage conditions reduce seed quality due to the
length of the storage period. It is the cause of the
declining germination parameters.

Table (4) shows that 18 months of storage
resulted in the lowest values for germination
percentage, seedling length, seedling dry weight,
and seedling vigour index when compared to other
periods. Which, combined spirulina+chlorella
recorded highest germination percentage (97.1 and
97.4), seedling length (14.11 and 17.82), seedling
dry weight (0.064 and 0.065) and seedling vigor
index (1373 and 1152) in both seasons.

The data in Table (4) showed that the early harvest
date recorded the highest seed quality regarding
germination percentage (94.4 and 94.9), seedling
length (11.94 and 11.82), seedlings dry weight
(0.054 and 0.055) and seedling vigor index (1247
and 1096).

Table (5) displays the parameters related
to seed quality that are impacted by the foliar
spraying of vinasse, spirulina, and chlorella either
separately or in combination. Thousand seed
weight, electrical conductivity, relative density and
moisture percentage as affected by biostimulants,
harvest date and storage periods during 2020 and
2021. Data in Table (5) indicated 1000 seedling
dry weight, electrical conductivity, relative
density and moisture percentage as affected by
harvesting date during 2020 and 2021. Combined
Spirulina+chlorella achieved highest thousands
seed weight (4.65 and 4.65), E.C p-mhos (23.49

TABLE 4. The foliar spray application of plant biostimulants on seedling vigour in sesame plants in 2020 and 2021.

Germination Seedling length Seedlings dry weight Seedlings vigor
Treatments percentage (cm) (g) index
2020 2021 2020 2021 2020 2021 2020 2021
A.Biostimulants
Control 80.8 82.1 11.38 11.38 0.036 0.038 934 938
Vinasse 2% 94.2 94.8 11.62 11.57 0.050 0.086 1100 1064
Spirulina 2% 96.2 96.8 12.16 12.1 0.050 0.052 1184 1089
Chlorella 2% 94.5 94.6 13.36 13.26 0.056 0.056 1271 1078
Spirulina+corella 97.1 97.4 14.11 17.82 0.064 0.065 1373 1152
Ftest kK k3k sksk * sk ns sk k3K
LSD 0.05 1.16 1.02 0.297 4.75 2.375 - 355 4.904
B.Harvest dates
1. (120 days) 90.8 91.4 11.94 11.82 0.048 0.029 1097 1032
2. (105 days) 94.4 94.9 13.11 14.63 0.054 0.055 1247 1096
Ftest Kk sk sk ns sk ns sk sksk
LSD 0.05 0.73 0.65 0.188 - 1.502 - 22.46 3.10
C.Storage periods
0 months 97.9 97.7 13.83 16.06 0.076 0.098 1358 1138
6 months 96.0 96.3 12.48 12.44 0.042 0.043 1200 1087
18 months 83.8 85.5 11.27 11.17 0.037 0.038 959 966
Ftest Kk sk sk * sk sksk sk sksk
LSD 0.05 0.90 0.79 0.230 3.68 1.840 0.036 27.5 3.798
Interactions
AXB Kk sk sksk ns sk ns sk ns
AxC Hok ok ok ns ns ns ok ns
BXC Kk sk sk ns sk ns sk ns
AxBXC ns ns ns ns ns ns ns ns

ns-not significant  **, significant at 0.05 level of probability.
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and 23.50), relative density (g/mm3) (2.32 and
2.33) and moisture percentage (4.143 and 4.129)
compared with the control treatment.

Seed oil content is one of the significant
economic values for sesame seeds. Protein and
oil percentage were significantly impacted by
biostimulants, as indicated by the data presented
in Table 6.

Foliar application of spirulina+chlorella
improves the quality of protein and oil percentage

while, peroxidase value and acidity as affected by
biostimulants, harvest date and storage periods
during 2020 and 2021.

Table (6) shows that the Spirulina+corella
treatment resulted in a significant increase in
protein content and seed oil percentage when
compared to the control, followed by Chlorella
2%, Spirulina, and vinasse. Table (6) shows that
early harvest improved seed protein percentage,
seed oil percentage, peroxidase value, and acidity,

TABLE 5. Thousand seed weight, electrical conductivity, relative density and moisture percentage as affected by
biostimulants, harvest date and storage periods during 2020 and 2021

Thm.lsand seed E.C p-mhos Relative density (g/ Moisture (%)
Treatments weight (gm) mm3)
2020 2021 2020 2021 2020 2021 2020 2021
A.Biostimulants
Control 4.36 437 24.02 24.02 2.17 2.18 4.431 4.439
Vinasse 2% 4.52 4.54 23.61 24.65 221 2.25 4353 4.346
Spirulina 2% 432 437 23.73 23.76 225 2.26 4.286 4.275
Chlorella 2% 4.55 4.57 23.83 23.83 2.28 2.29 4.208 4221
Spirulina+corella 4.65 4.65 23.49 23.50 2.32 2.33 4.143 4.129
F test % *x *% Ns o N % *%
LSD 0.05 0.08 0.068 0.093 - 0.015 0.035 0.019 0.028
B.Harvest dates
120 days 441 4.44 24.11 24.54 2.30 2.328 4335 4.331
105 days 4.56 4.56 23.36 23.36 2.19 2.204 4233 4233
F test % *% *% *% % K ok %
LSD 0.05 0.05 0.04 0.059 0.802 9.77 0.022 0.012 0.017
C.Storage periods
0 months 4.58 4.59 22.68 22.70 2.369 2.384 4311 4.308
6 months 4.52 4.53 23.75 24.36 2234 2.246 4.307 4.307
18 months 4.34 438 24.79 24.79 2.145 2.169 4234 4231
F test % *% *% *% % K ok %
LSD 0.05 0.06 0.05 0.072 0.982 0.012 0.027 0.015 0.021
Interactions

AxB ns ns * ns ns ns Hok ok
AxC ok oK ns ns o ns ns *
BxC ns ns ns ns o ns * o
AxBXC ns ns ns ns ns ns * ns

ns-not significant

**_significant at 0.05 level of probability.
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TABLE 6. Protein percentage, oil percentage, peroxidase value and acidity as affected by biostimulants, harvest

date and storage periods during 2020 and 2021

Treatments Seed protein% Seed oil % Peroxidase value Acidity
2020 2021 2020 2021 2020 2021 2020 2021
A.Plant biostimulants
Control 22.41 22.42 51.39 51.42 8.445 8.460 13.86 13.98
Vinasse 2% 22.63 22.66 52.37 52.57 8.254 8.298 12.79 12.79
Spirulina 2% 22.85 22.88 52.87 52.90 8.068 8.066 11.96 12.00
Chlorella 2% 22.85 22.87 52.95 52.99 7.826 7.856 11.46 11.57
Spirulina+Corella 23.09 23.14 53.22 53.24 7.665 7.359 10.38 10.47
F test sk ns sk sk sk 3k 3k k3k
LSD 0.05 0.155 - 0.166 0.337 0.064 0.308 0.297 0.286
B.Harvest dates
120 days 21.58 21.61 51.47 51.58 8.497 8.456 13.58 13.64
105 days 23.96 21.85 53.65 53.66 7.606 7.560 10.602 10.69
F test k3k ns k3k k3k k3k k3k K3k k3k
LSD 0.05 0.098 - 0.105 0.213 0.041 0.194 0.188 0.1801
C.Storage periods
0 months 24.07 24.11 54.13 54.14 7.278 7.209 9.80 9.828
6 months 22.99 23.01 52.75 52.90 8.281 8.202 12.24 12.30
18 months 21.24 93.08 50.80 50.83 8.595 8.613 14.24 14.37
F test kk ns ksk ksk ksk 3k Kk kk
LSD 0.05 0.120 - 0.129 0.261 0.050 0.238 0.231 0.221
Interactions
AxB * ns ok ns ok ns ns ns
AXC sksk ns sk sksk sksk sk sksk sk
BXC ns ns sk sk sk ns ek ek
AXBXC ns ns sk sk sk * ek ek

ns-not significant

with seed protein percentage recorded (23.96
and 21.85), seed oil percentage given (53.65 and
53.66), peroxidase value (7.606 and 7.560), and
low acidity (10.602 and 10.69) when compared to
optimum harvest.

Interactions:

Respecting to the interaction effects between
biostimulants, and harvest dates data in Table
(7) showed Spirulina + Chlorella recorded the
highest plant height (124 and 128 cm), highest
No. branches/p (3.72 and 3.84), while, Chlorella
2% recorded the highest number of leaves/plant
(131.67 and 87.67). Vinasse 2% recorded the
highest values of first capsules highest.
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** significant at 0.05 level of probability.

Table (8) shows the results of the interaction
between foliar spray and plant biostimulants
application and harvest dates for the following
traits for sesame plants during the 2020 and
2021 seasons: number of capsules/p, seed yield/
plant (g), biological yield/fed. (tonne), and
seed yield/fed (ardab). The results show that
the combined treatment of Spirulina+corella
at the optimal harvesting date gave the highest
values of number of capsules/p (206.67 and
212.12), seed yield/plant (29.83 and 29.32),
biological yield/fed. (4.42 and 4.67) and seed
yield/fed (7.25 and 6.92 ardab) compared to
other treats.
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TABLE 7. Plant height, number of branches per plant, number of leaves per plant, and height of first capsules as
affected by foliar spray interactions with biostimulants, and harvest dates for sesame plants during
the 2020 and 2021 seasons

Treatments Plant height branches/plant No. leaves /p Height the first
capsules (cm)
2020 2021 2020 2021 2020 2021 2020 2021

120 days 68.33 76.30 1.67 1.75 53.67 43.00 48.00  47.72
105 days 78.33 75.27 1.47 1.45 42.00 28.33 41.33  42.85
120 days 98.00  101.68 1.88 1.97 54.33 60.00 33.00 35.85
105 days 83.67 90.67 1.67 1.80 70.67 77.33 29.33  38.38
120 days 106.00  105.00 2.92 3.08 87.33 99.33 2533 2542
105 days 102.33  98.78 2.20 1.80 84.00 69.67 29.67  39.38
120 days 94.00  100.25 2.55 2.85 131.67  87.67 2333 23.08
105 days 95.67 99.20 2.51 2.75 81.00 71.33 22.67 2717
120 days 124.00 128.08 3.72 3.84 103.67 111.33 2233 2047
105 days 103.33  84.25 3.16 3.42 86.67 82.67 20.00  22.05
F. test ns ns ns ns ns ok ns *

LSD. 0.05 - - - - - 19.45 - 7.35
ns-not significant **. significant at 0.05 level of probability.

Control

Vinasse 2%

Spirulina 2%

Chlorella 2%

Spirulina+ Chlorella

TABLE 8. Number of capsules per plant, seed yield/plant, biological yield/fed, and seed yield/fed as affected by
interactions of foliar spray with biostimulants, and harvest dates for sesame plant during 2020 and
2021 seasons

Biological yield/ Seed yield/fed,
Treatments No. capsules/plant  Seed yield/plant giealy
fed.(ton)
(ardab)
2020
2021 2020 2021 2021 2021 2020 2021
df;l 8167 7900 1217 1113 137 162 321 320
Control
leS 7767 7692 1080 950 127 152 287 272
ays
Jazyg 12233 12200 1633 1590  1.67 192 417 384
Vinasse 2%
JOS 7500 10922 1417 1465 152 177 342 365
ays
dle 168.00 14852  18.17 2063  2.85 310 407 425
o ays
Spirulina 2% 1
d°5 11033 10983 1648 1422 250 260 392 387
ays
;azyz 17800  170.18  25.17 2422 3.02 327 520 490
Chlorella 2% 0
dls 11600  158.68 2225 2250  2.75 300 462 4T3
ays
Jai(; 20667 21212 2983 2932 442 467 725 692
Spirulina+Chlorella :
d05 186.00 19135 2662 2715  3.93 418 569 672
ays
F test ns ns ns * ns ns ns ns
LSD 0.05 ) - 3.44 ] ) ] ]

ns-not significant  **. significant at 0.05 level of probability. ~Ardab 120 Kg
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Discussions:

Seed quality are vital input in crop production.
It is commonly known that, in their natural
growing environments, crop plants are frequently
impacted by a wide variety of stresses. In this
study, we sprayed 2 percent of vinasse along with
two different types of algae, namely chlorella
and spirulina, on the sesame plants. Every field
data was taken, and the harvest was completed
on two separate dates. The seeds derived from
the harvest dates were kept in storage for a period
of 0, 6, 18 months, during which time laboratory
measurements were taken. (Dima et al., 2020)
demonstrated that the plant biostimulants effect of
vinasse through foliar application is characterised
by a high concentration of glycine betaine,
typically between 15 and 20%. In line with these
results, our findings showed that biostimulants
significantly increase plant growth parameters,
with respect to the previously observed seed
quality differences at the storage and germinating
stages. (Rashed & Hammad, 2023) found that
using vinasse at an optimal dose outperformed
other treatments in terms of bulk density, soil
porosity, electrical conductivity, cation exchange
capacity, N content, and protein in seeds. (Seadh
et al., 2023) reported that it is possible to improve
the germination characteristics of old and new
harvested sesame seeds by using some natural and
chemical substances. According to (Hoarau et
al., 2018), vinasse is produced in large quantities
around the world using a variety of feedstocks,
primarily corn and sugarcane. Chlorella vulgaris
may increase crop yield and growth by improving
soil aeration and moisture-holding capacity. In
agreement with our findings, several authors have
reported an increase in yield parameters and seed
quality (Gongalves et al. 2023). These findings
indicate that replacing chemical biostimulants
with Chlorella vulgaris can boost agricultural
productivity while lowering environmental
impact (Ru 2020). Seed germination and
vigour are important indicators of quality that
are significantly reduced during storage. Some
parameters that indicate seed ageing and an
improper storage environment include delayed
germination and emergence, slow growth, and an
increase in susceptibility to environmental stresses
during various storage periods. (Lima et al.,
2014) described the physiological properties of
sesame seeds during storage and found that seeds
can be kept viable for up to 12 months in a dry cold
room. Seeds can be viable for up to six months
in their natural environment. (Gebeyehu, 2020)

Egypt. J. Agron. 46, No. 2 (2024)

stated that storage is a fundamental practice
in the control of the physiological quality of
the seed and is a method for preserving the
viability of the seeds and keeping their vigour
at a reasonable level during the time between
planting and harvesting. Seed deterioration
begins immediately after the crop reaches
physiological maturity. Overall, our findings
showed that several methods are being used
to prevent quantitative and qualitative losses
caused by a variety of biotic and abiotic factors
during storage, including seed treatment with
appropriate chemicals or plant products and
seed storage in a safe environment. Damage to
the cell membrane and other conditions cause
changes in the seed system, such as protein
and nucleic acid accumulation (Zhang 2021).
The negative effects of storage periods are
also evident in the seed quality stage, with a
significant decrease in quality parameters,
resulting in seed death and loss of viability
represents the inhibitory effect of storage
on germination and seedling growth. It also
depicts the harvest dates and biostimulants
differences discussed in this study. As a result,
it is critical to use seeds quickly rather than
storing them for an extended period of time,
and to control the seed storage environment.
Vinasse was also investigated in laboratories
for use as a fertiliser. Overall, data from this
study show that the biostimulants Spirulina+
Chlorella, Vinasse, Spirulina, and Chlorella can
be recommended as promising biostimulants
because they are a safe way to significantly
improve seed performance, improve oil quality,
and reduce the consumption of chemical
fertilisers for sustainable agriculture systems.

Conclusions

According to the findings, plant biostimulants
have been shown to improve seed germination,
seedling vigour and abiotic stress tolerance.
Thus, treating seeds and seedlings with plant
biostimulants is a promising and long-term
approach to increasing crop productivity.
Biostimulants improved growth parameters such
as germination percentage, seedling length, EC,
protein percentage, 1000-seed weight (g), and
seed yield (ardab/fed). Results also revealed that
applying vinasse, chlorella, and spirulina as a foliar
spray at a rate of 2% gave the best values in sesame
seeds quality i.e. seed protein, and seed oil content.
In combination treatment, the highest values were
achieved by using 2% of spirulina+corella.
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Future Perspectives:

Because of Egypt’s severe edible oil deficit,
more research into increasing sesame production
through improved seed germination and seedling
characteristics using both natural and chemical
materials is required. To achieve the goal of plant
biostimulants research, it is critical to work with
farmers and businesses to test these substances
in commercial plantations and observe how they
affect overall yield. Furthermore, it is known that
biostimulants regulate genetic, physiological,
and biochemical changes that lead to adaptive
responses. More research is needed because
the precise signalling transduction pathway of
biostimulants, as well as their interactions with
phytohormones and other signalling molecules,
are poorly understood. Biostimulants, harvest
dates, and storage times have a significant impact
on seed germination and quality.

Conflict of Interest: The authors declare no
conflict of interest.

References

AOAC (1990). Official Method of Analysis. 15"
ed., pp.66-88. Association of Official Analytical
Chemists, Washington, DC, USA.

Alaa M. E. A. Shahein and Amany M. Mohamed
(2016)., “Storability of some oil seed crops under
two types of packages”. J. Plant Production,
Mansoura Univ., Vol. 7 (12): 1411-1417.

Alemayehu, S.; Abay, F.; Ayimut, K.M.; Assefa,
D.; Chala, A.; Mahroof, R.; Harvey, J.;
Subramanyam, B. (2020). Evaluating different
hermetic storage technologies to arrest mold
growth, prevent mycotoxin accumulation, and
preserve germination quality of stored chickpea in
Ethiopia. J. Stored Prod. Res. 2020, 85, 101526.
[CrossRef]

Avery, B. W.,, & Bascomb, C. L. (1982). Soil
survey laboratory methods: Soil survey technical
monograph No. 6. Soil survey of England and
Wales, Harpendon, 83.

Applications, P. (2021). Toward a Sustainable
Agriculture Through Plant Biostimulants. In
Toward a Sustainable Agriculture Through
Plant  Biostimulants.  https://doi.org/10.3390/
books978-3-0365-00294

Atia, M. A., Shaban, K. A., & Sallam, A. M. (2014).
Role of Humic, Ascorbic Acids with or Without
Compost to Improve Nutrients Content, Yield
Components and Seed Quality of Sesame. Journal

of Soil Sciences and Agricultural Engineering,
5(7), 1049-1066. https://doi.org/10.21608/
jssae.2014.49570

Chaudhry, S., & Sidhu, G. P. S. (2022). Climate
change regulated abiotic stress mechanisms in
plants: A comprehensive review. Plant Cell Reports,
41(1), 1-31.

De Morais, M.G.; Vaz, B.D.S.; de Morais, E.G.;
Costa, J.A.V. (2015). Biologically active
metabolites synthesized by microalgae. Biomed
Res. Int. 2015,2015, 835761. [CrossRef] [PubMed]

Dima, S. O., Neamtu, C., Desliu-Avram, M.,
Ghiurea, M., Capra, L., Radu, E., Stoica,
R., Faraon, V. A., Zamfiropol-Cristea, V.,
Constantinescu-Aruxandei, D., & Oancea,
F. (2020). Plant biostimulant effects of baker’s
yeast vinasse and selenium on tomatoes through
foliar fertilization. Agronomy, 10(1). https://doi.
org/10.3390/agronomy 10010133

FAO. (2018). Seeds Toolkit. In Food and Agriculture
Organization of the United Nations (Issue
November). https://www.fao.org/3/cal491en/
CA1491EN.pdf

Gebeyehu, B. (2020). Review on: Effect of Seed
Storage Period and Storage Environment on
Seed Quality. International Journal of Applied
Agricultural Sciences, 6 (6), 185. https://doi.
org/10.11648/j.ijaas.20200606.14

Gongalves, J., Freitas, J., Fernandes, 1., & Silva, P.
(2023). Microalgae as biofertilizers: a sustainable
way to improve soil fertility and plant growth.
Sustainability, 15(16), 12413.

Gomez K. A. and A. A. Gomez (1984). Statical
procedures for agricultural research.2™ Ed. John
Waliy and Sons.

Gupta, S., Dolezal, K., Kulkarni, M. G., Balazs, E.,
& Van Staden, J. (2022). Role of non-microbial
biostimulants in regulation of seed germination and
seedling establishment. In Plant Growth Regulation
(Vol. 97, Issue 2). Springer Netherlands. https://doi.
org/10.1007/s10725-021-00794-6

Hoarau, J., Caro, Y., Grondin, I., & Petit, T. (2018).
Sugarcane vinasse processing: Toward a status shift
from waste to valuable resource. A review. Journal
of Water Process Engineering, 24(January), 11-25.

ISTA (1999). International Rules for Seed Testing.
Handbook of Vigor Test Method. 3™ Edition: 22-35.

Jackson, ML.L. (1976). Soil Chemical Analysis.

Egypt. J. Agron. 46, No. 2 (2024)



340 KISHK, ABDELMAGEED MOHAMED

Constable and Co. L.T.P., London, England.zz

Karthiga Devi, G., Vignesh, K., & Chozhavendhan,
S. (2019). Effective utilization of sugarcane
trash for energy production. In Refining Biomass
Residues for Sustainable Energy and Bioproducts:
Technology, Advances, Life Cycle Assessment, and
Economics. Elsevier Inc. https://doi.org/10.1016/
B978-0-12818996-2.00012-0

Kirshnasamy, V. and D.V. Seshu (1990). Phosphine
fumigation influence on rice seed germination and
vigor. Crop Sci.,30: 28-85.

Lima, D. de C., Dutra, A. S., & Camilo, J. de M.
(2014). Physiological quality of sesame seeds
during storage. Revista Ciencia Agronomica,
45(1), 138-145. https://doi.org/10.1590/
S180666902014000100017

Moran-Salazar, R. G., Sanchez-Lizarraga, A. L.,
Rodriguez-Campos, J., Davila-Vazquez, G.,
Marino-Marmolejo, E. N., Dendooven, L., &
Contreras-Ramos, S. M. (2016). Utilization of
vinasses as soil amendment: consequences and
perspectives. SpringerPlus, 5(1), 1007.

Rashed, S., & Hammad, S. (2023). Effect of
vinasse and foliar application of compost tea on
physicochemical soil properties and yield of wheat
in salt affected soil. Environment, Biodiversity and
Soil Security, 7 (2023), 1-12.

Raleng A., M. R. Manikantan and A. A. Mishra
(2014) “Effect of packaging materials on storage
stability of protein rich flour from de-oiled Sesame
cake”. International Journal of Advanced Research,
Vol 2, Issue 12, 248-254.

Richmond, A.; Hu, Q. (2013). Handbook of Microalgal
Culture: Applied Phycology and Biotechnology;
John Wiley & Sons: Oxford, UK, 2013; pp. 134—
145.

Ru, L.T.K.; Sung, Y.Y.; Jusoh, M.; Wahid, M.E.A.;
Nagappan, T. (2020).Chlorella vulgaris: A
perspective on its potential for combining high
biomass with high value bioproducts. Appl.
Phycol. 2020, 1, 2—-11.

Seadh, S., Abdel-Moneam, M., Abido, W., &
Gharghar, S. (2023). Studying the Possibility
of Improving the Germination Characteristics
of Old and New Harvested Sesame Seeds by
Using Some Natural and Chemical Substances.
JournalofPlantProduction14(5)265-273.  https:/
doi.org/10.21608/jpp.2023.208684. 1239

Sonia, E., Ratnakumar, P., Pandey, B. B., Ramesh,

Egypt. J. Agron. 46, No. 2 (2024)

K., Reddy, S. N., Hemalatha, V., & Padmaja, D.
(2024). The Influence of Plant Growth Modulators
on Physiological Yield and Quality Traits of Sesame
(Sesamum indicum) Cultivars Under Rainfed
Conditions. Agricultural Research, 1-14.

Sharaby, N., & Butovchenko, A. (2019). Cultivation
technology of sesame seeds and its production in
the world and in Egypt. IOP Conference Series:
Earth and Environmental Science, 403(1). https://
doi.org/10.1088/1755-1315/403/1/012093

Sow, S., & Ranjan, S. (2021). Cultivation of Spirulina:
An innovative approach to boost up agricultural
productivity. The Pharma Innovation, 10 (3),
799-813. https://doi.org/10.22271/tpi. 2021.v10.
i3k.5889

Sun, W.; Shahrajabian, M.H. (2023). Therapeutic
potential of phenolic compounds in medicinal
plants-natural health products for human health.
Molecules 2023, 28, 1845. [Google Scholar]
[CrossRef] [PubMed]

Zhang, K., Zhang, Y., Sun, J., Meng, J., & Tao,
J. (2021). Deterioration of orthodox seeds
during ageing: Influencing factors, physiological
alterations and the role of reactive oxygen
species. Plant Physiology and Biochemistry, 158,
475-485.



EFFECT OF PLANT BIOSTIMULANTS, HARVESTING DATES AND STORAGE PERIODS ... 341

S Baga g Jpanay gal Lo (ATl Baa g dlanl) A ) ga g Ay gaad) i) <l e il
1o Agas ol Y B acsandl

" e ) (el O AS M daae daallae g g gl skl (el £Y

e =33l dae ) N Gsall S e dliall Jualaall &gag agma ¢ sl L o) 635 & ga o)
e cbial) el nala el 31 IS (Jpalaall ad

Jaalaall Zuali) By 5 saill 5935 8 Alad Zpaall (5 all S3ST aaf 4y guald) il ol Jma aladin) ey
(AT Be 2 Ay ol il daall (S G ) 52l A ol spnadl) Cllaall (& 03 6] ) o Talaie )
(YY) YY) Gl Cppansall O Al o3 sl 5000 clica s i) iy sl
ALlS clelad apanaly Jogllans 38 pe A sy Liall Axalag Lo, 30 o jladll s Siand) S 5e Ao ) 3e (4
s lladal) palitus e cpe s QL i A3 5 ikl adall apenal Al jSe A 8 A sl
IS Al e a1 auan 30 435 it Gaabaze danll al g Guliadll ) AELAYL Sy ) IS 5 Ll 5 juea)
Talenall bl o) jal aig el (1o AT) add slaall del s g Al 53l (380 &5 slas 2o e
3,30 5 8 ol - 5 bl ) 55l - 3,0l J gha — () DU 4 il dill) 18 5 0 3330l i)
Ll - sl Ay gha 1A ghall Al - s0ll e sil) 055l -y shll eI e sil) — 33 Al ()5 -
<baa (L 3l pmalal ) a3l 508 g pall 8 ) — o304 il Ageail) -l (B (G5 pall 2y sl
U sll Aalidal) Ay goal) cilladiall 5808 cand (o 5A0 Cul 5 5 dlaal) die ) s Agllad andi ) Gl ) 52
Aalatiudl ozl V1 8 anand) Ao )5 o a5l Coags T Uy il avsand) Cinal g 533 80 Juadl )
bl alies 3 S ) SIS aliiie ae Ui g juedl (aliive Jo glie Alebeall (585 gl < jelal Vipaa
[ 5l 220 ¢ V1 A 5 85 ) ecly/ G315V aae eli/p 8N s (i) ¢ L 51 o 5 A sl
3l sl ¢l Sl A ¢ 52l J s i/ ) 52l J seane (o ) sl J saanall s
3 5manS g nll o8 e camand) gyl 7 e sll ssina 8% QY G5 o hLeS)) Jiasil
28 dlaall ae sl dnilly | G siie (el g Ll g pandl ¢ S oS Lo e pusand) 3 A sl o8
Ji) 2o sall J aliaally &5 jlie G yaall cliall e 4y gine ad o VY e die JiY) 2o sl Bia
avsand) 50 B35 s il el e a2 gl e el () ACT) Al o 5a saad Ll
858 Jidas 5,00l Galall @05 il bl by cilsY) A wd J81 1 el VA oAl B3 s Cus
Cilass dlaall e ga s 4 saadl il Sanall o delall il il slel je e s AT aaally 4 i < 0l
83 jdia Y oS Alelae Cilas Lty «p 558 220 el clill ¢ 51 el Spirulina+ Chlorella
+ Ll g s aladiad ael I 51 Y gl (g0 o T 7Y Uil g s Gl /(31 ) 51 220) ad e
fis sV 53d) O pmnall 5 ecliill/ 5 sl J saana ¢ Y guasll sand pil) e f sbasll JiaY) 2o sall 8 3 5 5S
Caliiug aladiul deasill (Ko ¢ G lo e s AT Bl 4 lie ladll/ ) shull Ll olad
g sl elal S IS 5 5 LY a5 A s il 3inaS (el 5 IS Gl pe Ll s

Adlaiiaal) Ze ) 3l A el saantYl @Dl e Sl 5 ey 3l B3 ga

83 5 ¢ A ol 5 caliandl die ) ga S 5S (Ll o) (ali ey saadl ) Siaall canandl ALY Cilalsl)
L}J\Aﬂ\

Egypt. J. Agron. 46, No. 2 (2024)



