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Abstract

A field experiment was conducted during winter 2020/21 and 2021/22 seasons at
the Agronomy Department Farm, Agriculture Faculty, Assiut University, to examine the
effect of foliar spray with some growth stimulators on the yield and its attributes of four
bread wheat cultivars. The experiment was laid out in randomized complete block
design (RCBD) using strip plot arrangement with three replications. Foliar sprays
containing distilled water (solvent as a control), Moringa Extract, Humic Acid,
Chitosan, and Seaweed Extract (Acadian) at concentrations of 13,000, 4,000, 500 and
2500 ppm, respectively were dispersed horizontally and the bread wheat cultivars
Gemmiza-11, Giza-171, Shandaweel-1, and Sids-14 were arranged vertically. Plant
height, spike length, grain number spike™!, 1000 grains weight, grains spike weight, and
grain yield were significantly affected by foliar spraying treatments with growth
stimulators in both seasons. The highest average values of the aforementioned traits
were found in wheat plants sprayed with Moringa Extract. Additionally, the traits
examined were significantly influenced by the cultivars under study. Gemmiza-11
cultivar produced the greatest values of all examined traits in both seasons. The
interaction between some growth stimulators and cultivars affected significantly grain
yield fed™! in both seasons. Gemmiza-11 cultivar sprayed with Moringa Extract in both
seasons produced the highest grain yield values in both seasons (26.12 and 26.18 ardab
fed.!, respectively) for the, which was.

Keywords: Chitosan, Grain yield and its attributes, Humic Acid, Moringa Extract, Seaweed
Extract (Acadian), Wheat cultivars.

Introduction

The domestication of wheat is intrinsically linked to human efforts to avert
starvation and control food resources, marking it one of the most significant agricultural
achievements in history. Wheat, particularly bread wheat (7riticum aestivum), serves as
a staple food globally, providing essential nutrients and energy. (Igrejas and Branlard,
2020).

In Egypt, during the 2023 growing season, approximately 3.21 million feddans (1
feddan = 4200m?) were cultivated with wheat, yielding a total production of 8.87 million
metric tons. However, the country's consumption is about 20.65 million metric tons
(USDA, 2024), highlighting a substantial production/consumption gap. Given Egypt's
population of over 106 million expected to reach 124 million by 2030 (Central Agency
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for Public Mobilization and Statistics, CAPMAS) the strategic imperative to enhance
wheat production is clear.

A primary focus in this endeavor is increasing productivity per unit area. This can
be achieved through the cultivation of high-yielding cultivars and the implementation
of best agronomic practices. The amount and quality of wheat is influenced by a myriad
of factors, including soil type, climate, agronomic management, and varietal responses.
Additionally, different wheat genotypes exhibit varying responses to foliar sprays of
growth stimulators, which can enhance physiological traits and overall crop efficiency
(Igrejas and Branlard, 2020).

Plant growth stimulators (PGS), encompassing both growth regulators and bio
stimulants, are organic and inorganic compounds that facilitate plant growth and
development. While they are not intended to replace fertilizers, they play a crucial part
in enhancing crops and the quality of soil by enhancing root biomass, uptake of
nutrients, and enzymatic activity. Bio stimulants are abundant in oligosaccharides,
amino acids, minerals, vitamins, and plant hormones, contributing significantly to
nutrient cycling, abiotic stress management, and the bioavailability of heavy metals
(Bashir et al., 2021). These naturally occurring growth enhancers can bolster crop yields
by improving resilience to biotic and abiotic challenges and enhancing rhizosphere
activity (Jardin, 2015). Common bio stimulants in agriculture include seaweed extracts,
protein hydrolysates, humic and fulvic acids, and microbial inoculants (Jardin, 2015 and
Glodowska et al., 2016).

High-yield agriculture is encouraged by the extensive use of chemical fertilizers,
but this practice is also linked to a variety of issues, including low fertilizer utilization
rates, soil acidity, and soil salinization. Extensive research has demonstrated that
chelated fertilizer can be sprayed on leaves to obtain excellent fertilizer efficiency while
lowering the overall amount of fertilizer applied. An efficient way to enhance the soil
environment and raise crop yield and trace element concentrations is to apply foliar
fertilizer following soil fertilization. However, plants have trouble absorbing and
migrating nutrients when inorganic foliar fertilizer is applied. Chelated foliar fertilizers
work well to increase crop yield, quality, and element use efficiency. The impact of
implementation nutrients is modulated by the chelating agents' physicochemical
characteristics, molecular structure, binding strength, and binding rate. (Niu et al.,
2021).

Foliar sprays derived from plants like Moringa oleifera have been shown to
positively influence growth by modulating metabolic processes under diverse
environmental conditions (Rady et al., 2013 and Khan et al., 2017). Moringa oleifera
stands out as a particularly effective natural growth stimulant due to its high
concentration of growth hormones, antioxidants, vitamins, and minerals (Foidl et al.,
2001 and Yasmeen et al., 2013).

Humic acid, a prominent organic compound, significantly impacts plant nutrition
by enhancing nutrient uptake and facilitating cell membrane permeability. It also
promotes the synthesis of growth regulators, particularly auxins, thereby stimulating
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essential physiological processes that enhance yield and growth (Olk et al., 2018 and
Abed and Sallume, 2020).

Chitosan, sometimes referred to as deacetylated chitin, is a naturally occurring
biopolymer that is nontoxic, renewable, and biodegradable (Lee et al., 2023). It can
encapsulate hydrophobic compounds that often have low bioavailability. Additionally,
by regulating oxidative stress, metabolism, and immunological signaling in plants, it
may control growth and generate stress tolerance. (Attaran et al., 2022, Hameed et al.,
2022 and Stasinska and Hawrylak 2022).

Seaweed, thriving in intertidal and subtidal marine environments, serve as a
sustainable resource for food, fuel, and fertilizers (Parthiban et al., 2013). One organic
source utilized in agricultural production is seaweed extracts, which are meant to be
used as a supplement rather than as a replacement for fertilizers (Abdul-Jabar et al.,
2012 and Agricultural Statistics Directorate 2020).

This study's objective was to gain additional knowledge regarding how different growth
stimulators applied as foliar spray affect some traits of four different bread wheat
cultivars.

Materials and Methods

A field study took place at Department of Agronomy Experimental Farm, Faculty
of Agriculture, Assiut University, Assiut, Egypt (lat 27° 03' N, long 31° 01' and alt 70
m asl) during the growing seasons 2020/21 and 2021/22 to examine the effects of foliar
spraying with certain growth stimulators on four bread wheat cultivars' yields. Table 1
displays the experimental soil's mechanical and chemical qualities.

Table 1. The experimental soil's mechanical and chemical properties

Characteristics 2020/21 2021/22

Analytical mechanics:

Sand 27.00 27.80

Silt 23.00 22.20

Clay 50.00 50.00

Soil texture Clay Clay
Analytical chemistry:

pH 7.63 7.85

Organic matter % 1.80 1.70

Total N% 0.09 0.08

Experiment, treatments and design

The experiment was laid out in randomized complete block design (RCBD) using
strip plot arrangement with three replications. Bread wheat cultivars (Gemmiza-11,
Giza-171, Shandaweel-1, and Sids-14) were arranged vertically while foliar sprays
applied 45 and 60 days after sowing using distilled water (a solvent as a control) and
Moringa Extract, Humic Acid, Chitosan, and Seaweed Extract (Acadian) at 13000,
4000, 500, and 2500 ppm were arranged horizontally. The experimental unit was 2 x
3.5 m (7 m?) and was sown by broadcasting. Grain was sown on December 3™ for the
first season and December 6™ for the second one. In both seasons, the prior summer crop
was maize. Every other recommended agricultural practices for the wheat crop were
adhered to.
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Measured traits, at harvest:

- Plant height (cm): It was determined from soil surface until the upper tip of plants
and average of ten guarded stems which were taken randomly from each experimental
unit at harvest.

- Spike length (cm): It was determined as an average of ten random spikes from each
experimental unit at harvest.

- Number of kernels spike™!: Average number of kernels spike™! was obtained from ten
randomly selected spikes from each experimental unit.

-Thousand grain weight (g): The weight of 1000-kernel represented for each
experimental unit was weighed.

-Kernel weight spike™! (g): In each experimental unit, ten random spikes were used to
estimate the average grain weight.

-Grain yield (ardab fed.!): Every experimental unit's mature wheat plants were
harvested then threshed and grain yield was weighed in kilogram then transferred into
ardab per feddan (one ardab = 150 kg).

Analytical Statistics

All obtained data was conducted for analyzed of variance (ANOVA) using SAS
program version 9.2 (SAS 2008)'s Proc Mixed, and means were compared using revised
Least Significant Difference (RLSD) at a 5% level of significance. (Steel and Torrie,
1981).

Results and Discussion
1. Plant height (cm)

The application of foliar spray with growth stimulators significantly affected plant
height in both seasons (P < 0.01), as detailed in Table 2. It’s clear from the results that
the foliar application of Moringa extract resulted in the tallest wheat plants, measuring
(115.82 cmand 115.00 cm in the 1% and 2" seasons respectively). In contrast, the control
treatment produced the shortest plants (111.68 cm and 108.42 cm for the two respective
seasons). Moringa extract contains cytokinin which promotes cell division in the apical
meristem of wheat seedlings and improves solute metabolism to germinating plumules,
which increases plant growth (Khan et al., 2020). The current findings align with those
of Ali et al. (2011) and Abbas et al. (2013) who reported increased wheat plant height
following the application of moringa leaf extract compared to the control. Additionally,
Foidle et al. (2001), Jhilik et al. (2020) and Sura (2024) demonstrated that spraying
moringa leaf extract on various field crops enhances plant strength and promotes
vegetative growth.

In addition, the wheat cultivars highly significantly differ in plant height (Table 2).
Gemmiza-11 cultivar recorded the maximum plant heights (119.73 cm and 118.11 cm
across both seasons), while the Shandaweel-1 cultivar exhibited the shortest plant
heights (109.65 cm and 107.82 cm, in the 1%t and 2™ seasons, respectively). This may be
owing to the genotypic behavior in combination with the environmental factors, which
may be more appropriate for the Gemmiza-11 cultivar than the others. These results are
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in line with those published by Gomaa et al. (2018), Zenhom et al. (2018), and Saad et
al. (2022).

The interaction between wheat cultivars and foliar spray treatments had a
significant (P < 0.05) effect on plant height in the first season only, as indicated in Table
2. Specifically, after treatment with Moringa extract, the Gemmiza-11 cultivar reached
a height of 122.00 cm in the 1% season. Conversely, the Shandaweel-1 cultivar, when
treated with chitosan, achieved the lowest average height of 107.80 cm in the same
season.

2. Spike length (cm)

It’s noticed from the data presented in Fig.1 that foliar spray treatments with
growth stimulators influenced significantly (P < 0.01) spike length across both growing
seasons. The highest mean spike lengths values were observed in wheat plants treated
with Moringa Extract (13.85 cm and 12.25 cm in the first and second seasons,
respectively). In contrast, the shortest spikes were produced by Chitosan treatment in
the first season (13.14 cm) and Acadian treatment in the second one (10.42 cm). These
significant results may be attributed to the presence of Moringa Extract, which is rich in
various nutrients that promote the growth and division of plant cells, thereby
contributing to the elongation of the spike axis. These results align with findings by
Khan et al. (2020) and Sura (2024).

Furthermore, the data in Fig. 1 show that wheat cultivars spike length differed
highly significantly in both seasons. Gemmiza-11 cultivar produced the longest spikes
(14.71 cm and 12.18 cm in the first and second seasons, respectively). On the other hand,
Sids-14 cultivar produced the shortest spikes (12.26 cm and 9.89 cm in the first and
second seasons, respectively). Given the combined effects of environmental conditions
and genotypic characteristics, the Gemmiza-11 cultivar appears to perform better than
the remaining studied cultivars. These findings are consistent with research by Gheith
et al. (2013), Noureldin et al. (2013), Fergani ef al. (2014), and Solomon and Anjulo
(2017).

Additionally, the interaction between cultivars and growth stimulators exhibited a
significant (P < 0.05) and highly significant (P < 0.01) effect on the spike length trait in
the first and second seasons, respectively. Gemmiza-11 cultivar sprayed with Moringa
Extract produced the longest wheat spikes (15.27 and 14.56 cm in the two seasons,
respectively). However, Sids-14 cultivar that sprayed by chitosan treatment in the first
season and control treatment in the second season produced the shortest spikes (12.07
and 9.22 cm in the first and second seasons, respectively).
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3. Number of kernels spike!

The results shown in Table 3 indicate that foliar spray treatment with some growth
stimulators had a significant (P < 0.01) effect on the number of kernels spike™! in both
seasons. The maximum kernels number spike™! were produced by wheat plants which
sprayed with Moringa Extract (54.82 and 63.52 kernels spike™! in the two seasons,
respectively). In both seasons, the control treatment produced the lowest mean values of
kernels number spike™!, (45.94 and 45.04, respectively). The reason for this could be
because the same treatment produced the longest spike, in addition to fecundity, which
increased the number of kernels spike!. These findings align with the research
conducted by Jhilik ef al. (2017) and Khan et al. (2020) who also observed similar
results.

The collected data in Table 3 further reveal that the number of kernels spike™ in
the first and second seasons was significant (P <0.05) and highly significantly (P <0.01)
influenced by the tested bread wheat cultivars. The highest mean kernel number spike™!
values were produced by the Gemmiza-11 cultivar in both seasons (56.49 and 58.06
kernel spike™!, respectively). The Sids-14 cultivar exhibited the lowest mean values for
kernel number per spike (39.30 and 49.44 kernels per spike in the two respective
seasons). Considering the combined influence of environmental conditions and
genotypic characteristics, the Gemmiza-11 cultivar seems to outperform the other
cultivars examined in this study. These results are consistent with the study carried out
by EL Hag and Shahein, (2017) and Gomaa et al. (2018).

According to the findings in Table 3, the number of spikes in kernels was
significantly (P < 0.01) affected by the interaction between bread wheat cultivars and
foliar spray by growth stimulators in both seasons. The highest mean values of kernels
number spike! were produced by the Gemmiza-11 cultivar, which was sprayed with
Moringa Extract (62.67 and 66.77 kernel spike™! in the two growing seasons).

4. Thousand grain weight (g)

The data presented in Fig.2 indicate that the 1000-kernel weight in both seasons
were highly significantly affected (P < 0.01) by foliar spray treatments with growth
stimulators. Foliar spraying with Moringa Extract produced the highest mean 1000-
kernel weight values (56.85 and 55.90 g in the first and second seasons, respectively,).
Moringa leaves are a good source of plant nutrition since they are high in calcium,
potassium, magnesium, manganese, phosphorus, zinc, sodium, copper, and iron. They
are also nutrient-rich and include important vitamins A, C, and E which cause wheat
grains to grow and become full and gain weight. These results are consistent with the
study carried out by Merwad and Abdel-Fattah (2017), Merwad (2019) and Merwad
(2020), who likewise noted comparable outcomes.
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Furthermore, the data presented in Fig.2 show that the studied bread wheat
cultivars had a significant (P < 0.05) and highly significant (P <0.01) response of 1000-
kernel weight in the first and second seasons. The greatest mean values of 1000 kernel
weight in both seasons (59.22 and 56.85 g, respectively) were obtained by Gemmiza-11
cultivar. On the other hand, the Shandaweel-1 cultivar had the lowest mean 1000-kernel
weight values in both seasons (51.57 and 43.04 g, respectively). This could be as a result
of the Gemmiza-11 cultivar's genotypic behavior and environmental conditions being
more appropriate for it than for the other cultivars. A comparable trend was seen by
Solomon and Anjulo (2017), Farag et al. (2018), and Gebrel et al. (2019).

The interaction between bread wheat cultivars and growth stimulators, foliar spray,
had a highly significant (P < 0.01) impact on 1000-kernel weight in both seasons (Fig.
2). Gemmiza-11 cultivar sprayed with Moringa Extract in both seasons, had the highest
mean values of 1000-kernel weight (64.57 and 65.27 g in the two respective seasons).

5. Kernel weight spike™! (g)

[lustrated data in Table 4 reveal that the foliar spray treatment with growth
stimulators had a significant (P <0.05) and highly significant (P <0.01) effect on kernel
weight spike™! in the first and second seasons, respectively. Wheat plants sprayed with
Moringa Extract produced the highest mean values of kernel weight spike™ in both
seasons (3.03 and 3.59 g in the 15t and 2™ seasons, respectively). On the other hand, the
control treatment produced the lowest mean kernel weight spike™! values in both seasons
(2.49 and 2.25 g, respectively). This is logic since the same treatment produced the
highest mean values for 1000-kernel weight (Fig. 2) and, consequently, the highest mean
values for kernel weight spike™!. There was a similar pattern observed by Rehman et al.
(2017).

Additionally, Table 4 demonstrated that the studied wheat cultivars had a highly
significant effect on kernel weight spike! during the growing seasons. As a result,
Gemmiza-11 cultivar produced the highest mean values of kernel weight spike™! (3.23 g
and 3.42 g in the two respective seasons). Conversely, the lowest average values of
kernel weight spike! were produced by the Sids-14 cultivar in both seasons (2.14 and
2.43 g in the first and second seasons, respectively). A comparable trend was seen by
Gheith et al. (2013), Noureldin et al. (2013) and Seleem and Abd El -Dayem (2013).

Kernel weight spike™! trait was not affected in both seasons by the interaction
between cultivars and growth stimulators.

6. Grain yield (ardab fed.!)

The data in Table 5 show that the foliar spray treatment had a significant (P <0.05)
and highly significant (P < 0.01) effect on grain yield in the first and second seasons,
respectively. Applying Moringa Extract produced the highest grain yield (24.12 and
24.04 ardab fed.! in the 1% and 2" seasons, respectively). Conversely, the control
treatment produced the lowest mean grain yield values (21.39 and 21.16 ardab fed.”! in
the first and second seasons, respectively). Given that the kernels weight spike™! showed
a similar trend, this is to be expected. The same trend was seen by Brockman and
Brennan (2017), Merwad and Abdel-Fattah (2017), Khan ef al. (2020), Merwad (2020)
and Sura and Al-Hilfy (2022).
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Moreover, the tested bread wheat cultivars had a highly significant (P < 0.01) and
a significant (P < 0.05) effect on grain yield fed.! in both seasons, respectively.
According to the findings reported in Table 5 Gemmiza-11 cultivar produced the highest
grain yield values in both seasons (23.69 and 24.15 ardab fed.”!, respectively). Other
than that, Sids-14 yielded the lowest mean values of grain yield in both seasons (21.46
and 21.51 fed! in the 1% and 2" seasons, respectively). Higher grain yield was
demonstrated by the Gemmiza-11 bread wheat cultivar because of its advantage in
kernel weight spike™!. Observing the same pattern by Gheith et al. (2013), Fergani et al.
(2014), El hag (2017) and Farag et al. (2018).

The interaction exhibited a significant effect on grain yield in both seasons. The
Gemmiza-11 cultivar, which received Moringa Extract spraying in both seasons
produced the highest mean grain yield values in this instance as well (26.12 and 26.18
ardab fed.”! in the two respective seasons).

Conclusion

Gemmiza-11 cultivar produced the greatest values of all examined traits in both
seasons. The interaction between some growth stimulators and cultivars affected
significantly grain yield fed! in both seasons. Gemmiza-11 cultivar sprayed with
Moringa Extract in both seasons produced the highest grain yield values in both seasons
(26.12 and 26.18 ardab fed.”!, respectively)

References

Abbas R. N., Tanveer, A., Khaliq, A., Igbal, A. R., Ghaffari, A., and Magsood, Q. (2013). Maize
(Zea mays L.) germination, growth and yield response to foliar application of Moringa
oleifera L am. leaf extracts. Crop Environ. 4(1): 39-45.

Abdul-Jabar, A. S., Hussein, A. S., and Mohammad, A. A. (2012). Effect of the different
seaweed extract (Seamino) concentrations on growth and seed chemical composition of
two wheat varieties. Rafidain J. Sci. 23(1): 100-113.

Abed, W. H., and Sallume, M. O. (2020). Interacted effect of humic acid and spraying different
concentrations of nano zinc oxide and zinc oxide on the growth and yield of onion (A//ium
cepa L.). Int. J. Agri. and Stat. Sci. 16(2): 1633-1638.

Agricultural Statistics Directorate/Central Statistical Organization/Ministry of Planning (2020).

Ali, Z., Basra, S. M. A., Munir, H. A. S. S. A. N,, Mahmood, A. R. S. H. A. D., and Yousaf, S.
H. A. H. L. D. A. (2011). Mitigation of drought stress in maize by natural and synthetic
growth promoters. J. Agric. Soc. Sci. 7(2): 56-62.

Attaran, D. S., Karimian, Z., Mostafaei, D. M., and Samiei, L. (2022). Chitosan nanoparticles
improve physiological and biochemical responses of Salvia abrotanoides (Kar.) under
drought stress. BMC Plant Biology. 22(1): 364-381.

Bashir, M. A., Rehim, A., Raza, Q. U. A., Raza, H. M. A., Zhai, L., Liu, H., and Wang, H.
(2021). Biostimulants as plant growth stimulators in modernized agriculture and
environmental sustainability. Technology in Agriculture. 1(1): 311-322.

Brockman, H. G., and Brennan, R. F. (2017). The effect of foliar application of Moringa leaf
extract on biomass, grain yield of wheat and applied nutrient efficiency. J. Plant Nutrition.
40(19): 2728-2736. Doi: 10.1080/01904167.2017.1381723.

Assiut J. Agric. Sci. 56 (2) 2025 (65-80) 76



Response of Bread Wheat to Foliar Spray by Some Growth Stimulators

El Hag, D. A. A. (2017). Effect of irrigations number on yield and yield components of some
bread wheat cultivars in north Nile Delta of Egypt. Egypt. J. Agron. 39(2): 137- 148.

EL Hag, D. A. A., and Shahein, A. M. E. A. (2017). Effect of different nitrogen rates on
productivity and quality traits of wheat cultivars. Egypt. J. Agron. 39 (3) :321-335.

Farag, S. A., Ismail, S. K. A., and El-Ssadi, S. A. (2018). Estimating phenotypic and genotypic
path coefficient, an application on wheat (7riticum aestivum L.) genotypes. Int. J. Curr.
Microbiol. App. Sci. 7(2): 2494-2505.

Fergani, M. A., El-Habbal, M. S., and El-Temsah, M. E. (2014). Interpretation of three wheat
cultivars yield and its components with reference to sowing dates. Arab Univ. J. Agric.
Sci. 22(1):77-82.

Foidl, N., Makkar, H. P. S., and Becker, K. (2001). The Potential of Moringa oleifera for
Agricultural and Industrial Uses. CTA publications, Wageningen, the Netherlands. 28(1):
45-76.

Gebrel, E., Gad, M. A., and Farouk, M. (2019). Response of some wheat cultivars to different
nitrogen fertilizer rates and their relation to rust diseases. Egyptian J. Agro. 41(3): 243-
254.

Gheith, E. M. S., El-Badry, O. Z., and Wahid, S. A. (2013). Sowing dates and nitrogen fertilizer
levels effect on grain yield and its components of different wheat genotypes. Res. J. Agric.
and Biol. Sci. 9(5): 176-181.

Glodowska, M., Husk, B., Schwinghamer, T., and Smith, D. (2016). Biochar is a growth-
promoting alternative to peatmoss for the inoculation of corn with a pseudomonad.
Agronomy for Sustainable Development. 36(21): 1-10.

Gomaa, M. A., Radwan, F. L., Kandil, E. E., and Al-Msari, M. A. F. (2018). Response of some
Egyptian and Iraqi wheat cultivars to mineral and nano-fertilization. Egypt. Acad. J.
Biology Sci. (H. Botany). 9(1): 19-26.

Hameed, A., Farooq, T., Hameed, A., and Sheikh, M. A. (2022). Sodium nitroprusside mediated
priming memory invokes water-deficit stress acclimation in wheat plants through physio-
biochemical alterations. Plant Physiology and Biochemistry. 160(1): 329-340.

Igrejas, G., and Branlard, G. (2020). The importance of wheat. Wheat quality for improving
processing and human health. J. Springer Nature. 2(1): 1-7. Doi: 10.1007/978-3-030-
34163-3-1.

Jardin, P.D. (2015). Plant biostimulants: Definition, concept, main categories and regulation.
Scientia Horticulturae. 196(1): 3—14.

Jhilik, N. Z., Hoque, T. S., Moslehuddin, A. Z. M., and Abedin, M. A. (2017). Effect of foliar
application of moringa leaf extract on growth and yield of late sown wheat. Asian Journal
of Medical and Biological Research. 3(3): 323-329. Doi: 10.3329/ajmbr. V3i3.34520.

Jhilik, N., Hoque, T., Moslehuddin, A., and Abedin, M. (2020). Nutritional improvement of
wheat by foliar application of moringa leaf extract. Fundamental and Applied
Agriculture. 3(3): 565-572. doi: 10.5455/faa.301667.

Khan, S., Basra, S. M. A., Afzal, 1., Nawaz, M., and Rehman, H. U. (2017). Growth promoting
potential of fresh and stored Moringa oleifera leaf extracts in improving seedling vigor,

growth and productivity of wheat crop. Environmental Science and Pollution Research.
24(1): 27601-27612.

Assiut J. Agric. Sci. 56 (2) 2025 (65-80) 77


https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Fergani%2c+M.+A.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22El-Temsah%2c+M.+E.%22
https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Arab+Universities+Journal+of+Agricultural+Sciences%22
https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Arab+Universities+Journal+of+Agricultural+Sciences%22

Makarem et al., 2025

Khan, S., Basra, S. M. A., Nawaz, M., Hussain, I., and Foidl, N. (2020). Combined application
of moringa leaf extract and chemical growth-promoters enhances the plant growth and

productivity of wheat crop (Triticum aestivum L.). South African Journal of Botany.
129(1): 74-81. Doi: 10.1016/j.sajb.2019.01007.

Lee, S., Hao, L. T., Park, J., Oh, D. X., and Hwang, D. S. (2023). Nanochitin and nanochitosan:
Chitin nanostructure engineering with multiscale properties for biomedical and
environmental applications. Advanced Materials. 35(4): 1-36. https//doi.org/10.1002/
adma202203325.

Merwad, A. R. M. (2019). Using humic substances and foliar spray with moringa leaf extract
to alleviate salinity stress on wheat. Sustainability of Agricultural Environment in Egypt:
Part II. Soil-Water-Plant Nexus. 77(11): 265-286. Do1:10.1007/698-2018-298.

Merwad, A. R. M. (2020). Mitigation of salinity stress effects on growth, yield and nutrient
uptake of wheat by application of organic extracts. Communications in Soil Science and
Plant Analysis. 51(9): 1150-1160. Doi: 10.1080/00103624.20201751188.

Merwad, A. R. M., and Abdel-Fattah, M. K. (2017). Improving productivity and nutrients
uptake of wheat plants using Moringa oleifera leaf extract in sandy soil. J. Plant Nutrition.
40(10): 1397-1403. Doi: 10.1080/01904167.2016.1263318.

Niu, J., Liu, C., Huang, M., Liu, K., and Yan, D. (2021). Effects of foliar fertilization: A review
of current status and future perspectives. J. Soil Science and Plant Nutrition. 21(1): 104-
118.

Noureldin, N. A., Saudy, H. S., Ashmawy, F., and Saed, H. M. (2013). Grain yield response
index of bread wheat varieties as influenced by nitrogen levels. An. Agric. Sci. 58(2):
147-152.

Olk, D. C., Dinnes, D. L., Rene Scoresby, J., Callaway, C. R., and Darlington, J. W. (2018).
Humic products in agriculture: potential benefits and research challenges—a review. J.
Soils and Sediments. 18(1): 2881-2891. https://doi.org/10.1007/s11368-018-1916-4.

Parthiban, C., Saranya, C., Hemalatha, A., Kavith, B. and Anantharaman, P. (2013). Effect of
seaweed liquid filterer of Spatoglossuma sperum on the growth and pigment content of
Vigna radiata. International J. Recent Sci. Res. 4(2): 1418-1421.

Rady, M. A., Varma, B. C., and Howladar, S. M. (2013). Common bean (Phaseolus vulgaris
L.) seedlings overcome NaCl stress as a result of presoaking in Moringa oleifera leaf
extract. Scientia Horticulturae. 162(1): 63—70.

Rehman, H. U., Basra, S. M., Rady, M. M., Ghoneim, A. M., and Wang, Q. (2017). Moringa
leaf extract improves wheat growth and productivity by affecting senescence and source-
sink relationship. International J. Agri. & Biol. 19(3): 399-484.

Saad, A. M., Alabdali, A. Y. M., Ebaid, M., Salama, E., El-Saadony, M. T., Selim, S., Sathi, F.
A., ALshamrani, S. M., Abdalla, H., Mahdi, A. H., and El-Saadony, F. M. (2022). Impact
of green chitosan nanoparticles fabricated from shrimp processing waste as a source of

nano nitrogen fertilizers on the yield quantity and quality of wheat (Triticum aestivum L.)
Cultivars. J. Molecules. 27(17): 40-56. Doi: 10.3390/molecules27175640.

SAS Institute (2008). The SAS System for Windows, release 9.2. Cary NC: SAS Institute.

Seleem, S. A., and Abd El -Dayem, S. M. (2013). Response of some wheat cultivars to nitrogen
fertilizer levels. J. Plant Production, Mansoura Univ. 4 (5): 721 — 731.

Assiut J. Agric. Sci. 56 (2) 2025 (65-80) 78



Response of Bread Wheat to Foliar Spray by Some Growth Stimulators

Solomon, W., and Anjulo, A. (2017). Response of bread wheat varieties to different levels of
nitrogen at Doyogena, Southern Ethiopia. Int. J. Sci. and Res. Public. 7(2): 452-459.

Stasinska, J. M., and Hawrylak, N. B. (2022). Protective, biostimulating, and eliciting effects
of chitosan and its derivatives on crop plants. Molecules. 27(9): 101-118.

Steel, G. D., and Torrie, J. H. (1981). Principals and Procedures of Statistics (2 edition)
McGraw-Hill Book Company. Inc. N. Y. xxi-63pp.

Sura, J. B. (2024). Effect seed soaking of moringa leaf extract on some growth traits and
biological yield of three bread wheat cultivars. Al-Kut University College Journal. 1(1):
543-552.

Sura, J. B., and Al-Hilfy, I. H. H. (2022). Effect of foliar application of moringa leaves extract
on yield and quality of bread wheat. The Iraqi Journal of Agricultural Science. 53(2): 315-
321.

USDA (2024): htpp://apps.fsa. usda.gov/psolonline/ circulars/production.

Yasmeen, A., Basra, S.M.A., Farooq, M., Rehman, H., Hussain, N., and Athar, H.R. (2013).
Exogenous application of moringa leaf extract modulates the antioxidant enzyme system
to improve wheat performance under saline conditions. Plant Growth Regulation. 69(1):
225-233.

Zenhom, M. F. T, Hammam, G. Y., and Mehasen, S. A. S. (2018). Wheat lodging and yield in
response to cultivars and foliar application of paclobutrazol. 4th International Conference
on Biotechnology Applications in Agriculture (ICBAA), Benha Uni., Moshtohor and
Hurghada. Annals of Agricultural Science. Moshtohor. 56(1): 639-644.

Assiut J. Agric. Sci. 56 (2) 2025 (65-80) 79



Makarem et al., 2025
Saill &l Jhaa lan B gl GEN Sl e Al

L G i daaa Ao Laal) ae ganad) QN (355 AL e al) ) Fa e G

e ohgal gl daadla del ) K (Jualaal) aud
oailal)

dimaladll asdde ) ha (A 22/2021 21/2020 assa #liod SIS Alia & 2 o) ) 3
smane o gaill G e (lany (B0 QI 580 Al jal Jo gl Aol — e )5l 4S cdfiad)
A5 5 al) ALIS e Uil aa oy Ay el 3 A el (e Ciliaal day Y atlealia s o goall
Sl s (S ) ke elay (B ) ol (3l Bl piia g o i AR iall Baalatiall i) 5Bl s iy
<4000 ¢13000 Jaxey lladall cilialatine o) ) sindll canl hia sagll oty ) sall paldinn )l
171 o505 11 s nen) pdll pead Ciliaal cugy Lot Ll i i e ¢ salall (B 6 32 2500 <500
sl G s G Lgle J gamal) o3 3l i) s gl Lad 5 (14 Gy 1 Jasdinds
230 5 (o) Aisad) Jsha () Sl i) lina o g sinn 18 gl S sall il Jina amy
& (2)) Gl cpall Jpanas (pa) i) s G55 (p2) Fos AV O Alial) o gun
Silanall e giall e laiy ) sall (aliin ¢’y il sl il cadaef s Aol 3l e 5o OIS
A A cliall K e s sine il Led OIS Al jall Jae Gl la @l e 5 50le « SA dail
Lgtiaal o e Al il 2l cildas sia e b aed 17 o e i of A &8LYL Lgil 5o
Ac) )N e se SO

o (sime U Sl md il gl O Jime ran (sl QLN o delall S LS
o3 ol s i gie el e Jsuanll o Cua ol Cigall Jsnmne ddia o aesall 38
il e Sy JY Ae) )l pausa DS 3 Glaill ) 26,18 26,12 <y Al g A all
Mjﬂ\uaﬁmm\yujju‘)ﬁg\} 11 o‘)mu.uaj\fkc\‘))m
(OLoIST) Ll s Lal) il aalSi s idiladLisa s o gind] s amne o) gindd qeadl] Cilial Aualidal) chalSl
) Sl gt ilaiy ) sall paliiins

Assiut J. Agric. Sci. 56 (2) 2025 (65-80) 80



