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USTAINABLE farming practices are critical for ensuring food security worldwide. NPK Nano

fertilizers have the best effects of promoting nutrient absorption, so it has the potential to produce
excellent fertilizers. (NPK.) nano forms of nitrogen, phosphorus, and potassium represent an effective
alternative to conventional fertilizers. The current study assessed the effects of fertilizer compositions,
nano and conventional NPK, on the forage quality, and growth of two teosinte varieties, (Gemmeiza
3, and Gemmeiza 4) aiming to identify sustainable options that enhance agricultural performance
while reducing environmental impact. A split-plot design with three replicates was used in the field
trial. The main plots representing varieties and sub-plots included five fertilizers treatments, i.e., F1:
100% conventional fertilizers, F2: 75% conventional fertilizers + 25% Nano particle fertilizers; F3:
50% conventional fertilizers + 50% Nano particle fertilizers; F4: 25% conventional fertilizers + 75%
Nano particle fertilizers and F5: 100% Nano particle fertilizers during 2022 and 2023 seasons. Results
revealed that Gemmeiza 4 variety exhibited superior growth performance and nutritional composition
compared to Gemmeiza 3. Furthermore, F3 treatment resulted in improved plant height (112.9,126.2
and 103.2 cm across the three cuts), stem diameter, dry matter accumulation, and leaf area. The F3
treatment also enhanced fiber digestibility, while F1 fertilizer produced high protein (69.1 and 68.7)
in the first and second seasons respectively. Plants treated with nanoparticles showed 100% genomic
template stability (GTS), indicating the crucial role in maintaining genetic stability. These findings
suggest that combining nano-fertilizers with conventional fertilizers, as in the F3 mixture, can
enhance teosinte growth and forage quality. This highlights the importance of both nano and
conventional NPK fertilizers in achieving sustainable agricultural outcomes.

Keywords: N.P.K Nano fertilizer , Teosinte Growth, Teosinte Productivity, Teosinte Nutritive Value,

and GTS.
1. Introduction

Worldwide agricultural production is expected to
quadruple by 2050 to meet the growing food
demands resulting the world's expanding population
(Murodsulton et al., 2024). In addition, the climate
change and associated phenomena, such as rising
global temperatures, evaluated atmospheric Co,
levels, heat waves, flooding, severe storms, droughts,
and other extreme weather occurrences, are the main
focus of current scientific research and agronomy
sciences. Teosinte (Zea Mexicana L.) 2n = 20 is one
of the most important summer forage crops which
are closely related to maize in most allometric trait
and has the advantage of tillering and regeneration as
a fodder crop (Salem et al. 2019; Abdel-Fattah et al.,
2023). In Egypt, it is a promising summer feed crop

that requires further study until farmers and
producers may use it (Salem et al., 2024).

In the past, agricultural practices have contributed to
soil degradation and the release of hazardous
substances into the environment. In this regard, there
is increasing interest in the use of nanomaterials as
fertilizers for improving plant mineral nutrition
(Hussein and Sabbour 2024). Fertilizers containing
nanoparticles (NPK) have emerged as promising
alternatives due to their efficiency and
environmentally friendly properties. Nano-fertilizers
(NFs) are widely used in plant nutrition as spray-
based and soil-based applications. Because of their
rapid and increased translocation to various plant
parts (Soliman 2025). Nano- and bio-fertilizers are
increasingly replacing traditional fertilizers. The
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following treatments were applied : F1: conventional
fertilizers: 100%. F2: 75% conventional fertilizer +
25% nano. F3: 50% conventional fertilizer + 50%
nano. F4: 25% conventional fertilizer + 75% nano
and F5 100% nano fertilizers. Nano-fertilizers
significantly enhance nitrogen uptake and crop yield
(Mohamed and Awad 2024). Nanotechnology is
being employed to address environmental issues and
increase the value of agricultural outputs. Through
the use of nanoparticles and nano-powders,
fertilizers can be engineered for controlled or
delayed nutrient release. High reactivity in
nanoparticles can be attributed to either a larger
density of reactive regions, a more specific surface
area, or increased reactivity of specific locations on
the particle surfaces. Nano-fertilizers are to delay the
release of nutrients and extend the fertilizer's
duration of action. Nanotechnology undoubtedly has
the potential to have a major impact on energy, the
economy, and the environment by improving
fertilizers (Chhabra et al., 2025). Many stimuli,
including heat, moisture, nano-fertilizers were
designed to release their cargo in a controlled
manner, either slowly or quickly. The biotic
mineralization of P connected to soil inorganic
colloids and N and P from soil organic matter is
facilitated by the release of molecules carbonaceous
in rhizosphere by crops during shortage nutrients.
These root exudates can be thought of as
environmental cues and utilized to develop nano
biosensors that will be integrated into cutting-edge
nano-fertilizers, reported by (Sharma et al., 2024).
Foliar application of nano-fertilizer achieved better
growth and yield (Nandy et al., 2025).

Foliar application of Nano fertilizers improved plant
height, yield of wheat. (Muche et al., 2025)
elucidated that combined applications of fertilizer
improved the total nitrogen and agronomic mean
values of the attributes. To provide the three primary
nutrients nitrogen, phosphorous, and potassium
(NPK) for a variety of crops and growth
environments, fertilizers in artificial compounds
designed the proper quantities or blending
(Andualem et al., 2024). Nitrogen produces proteins
and chlorophyll and stimulates the growth of leaves.
Phosphorus promotes the growth of roots, flowers,
and fruits. Protein synthesis, stem and root growth
are induced by potassium Chawla and Kumar
(2025). Mohamed and Awad (2024) studied Nano
fertilizers versus traditional fertilizers for a
sustainable environment and found that Nitrogen,
Phosphorus, Potassium from conventional fertilizers
are lost in environment and not taken up by plants.
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PCR based method known as RAPD is
comparatively quick, easy, effective, dependable,
and sensitive in identifying a variety of genetic
changes and damaged DNA. Therefore, alterations in
genomic materials that emerge in primer-specific
DNA sequences can be detected using RAPD in
genotoxicity research Aboulila and Galal (2019).
The purity of the template DNA is also necessary for
effective RAPD analysis (Fadel et al., 2022). RAPD
analysis was utilized to identify DNA alterations in
bean cells after treatment with different doses (25,
50, and 75 mg per liter) in comparison to the
untreated in order to evaluate genetic effects of n-
SiO, and n-TiO,. (Galal et al., 2020 and Ernst et al.,
2024) indicated despite scant knowledge of their
genotoxic effects on exposed plant tissue, the
growing use of oxide nanoparticles has made it
easier for them to enter the natural environment and
cause biological interactions within ecosystems.
Furthermore, the results showed that n—SiO, had a
concentration-dependent genotoxic effect, but it
seems to maintain the stability of genetic material,
whereas n—TiO, showed a notable genotoxic effect.
The current study aimed to compare the nutritional
value of three cuts of two teosinte varieties under
NPK Nano-fertilizers and conventional NPK
fertilizers. The study also evaluated forage quality,
growth performance, and selected agronomic traits,
with the overarching goal of reducing environmental
pollution and minimizing the use of chemical
fertilizers.

2. Materials and methods:

2.1. Experimental Site and Soil Analysis

The field experiment was conducted during the 2022
and 2023 summer seasons at the Experimental Farm
of Gemmeiza Research  Station, Gharbia
Governorate, Egypt (Agricultural Research Center,
ARC). The objective was to assess the impact of
NPK nanoparticle fertilizers on growth, productivity,
and nutritive value of teosinte varieties, compared to
conventional chemical fertilizers.

Soil physical and chemical properties were analyzed
prior to planting and are presented in Table 1. The
soil was classified according to Richards (1967) as
clay loam, with moderate fertility, neutral pH (7.77),
and EC of 1.66 dS m~ . Micronutrients such as Fe,
Mn, Zn, and Cu were present in moderate levels, and
organic matter content was 2.46%.

Irrigation water was sourced from the Nile River,
with its chemical composition detailed in Table 2.
The water exhibited low salinity (EC =0.40 dS m™ 1)
and a Sodium Adsorption Ratio (SAR) of 3.29,
indicating good irrigation quality.
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Table 1. The soil physical and chemical analysis.

Parameters. Values.
Soil depth, Cm 0-40
Particle size distribution
Coarse sand, % 5.22
Find sand % 18.44
Silt, % 32.05
Clay, % 44.29
Soil texture Clay Loam
PH, 1:25 (Susp.) 7.77
EC.dSm™ 1.66
Soluble ions meq™”
Ca” 6.10
Mg ** 4.29
Na* 7.40
K* 0.22
CO;” 0.00
HCO; 3.58
Cl- 8.10
S0,” 6.39
Total N. 0.144
Total P. 0.032
Total K. 0.356
Available N mg/kg 32.43
Avalilable P mg/kg 9.60
available K mg/kg 312.69
Organic matter % 2.46
Organic carbon (O.C, %) 1.45
C/N Ratio 10.05
Extractable micronutrients ppm (DTPA)
Fe. 3.50
Mn. 3.03
Zn. 341
Cu. 1.55
Table 2. Chemical composition of used the Nile water for irrigation.
(Water source)  Cations, meg/L Anions, meqg/L (EC)
Ca* Mg*? Na* K* CO3?  Hco? cr 504 dsm? sAR
The Nile water 0.52 0.57 1.75 053 - 2.40 1.30 - 0.40 3.29

SAR based on the US Salinity Lab (1954)
SAR: Sodium Adsorption Ratio

2.2. Nanoparticle Fertilizer Preparation and
Characterization

Commercial NPK fertilizer (19-19-19) was obtained
from Egyptchem International for Agrochemicals
(Nubaria, Alexandria, Egypt). The fertilizer was
milled using a high-energy ball mill (Pulverisette-7,

Fritsch, Germany) at 200 rpm for 5 hours to produce
nanoparticles. The morphology and elemental
composition of the nano-fertilizer were analyzed
using Scanning Electron Microscopy (SEM) and
Energy-Dispersive X-ray (EDX) analysis (INCA-
Sight, UK), as shown in Figure 1a and 1b.

Egypt. J. Agron.47, No. 4 (2025)
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Fig. 1 a. The characterization of the produced Nano
fertilizers NPK SEM micrograph of NPK Nano
fertilizers, b energy dispersive x-ray pattern with
elemental percentages Nano fertilizers NPK.

Fig. 1 b. Characterization of the produced NPK
Nano fertilizers. a) SEM micrograph of NPK
Nano fertilizers; b) energy dispersive x-ray
pattern elemental percentages of nano NPK.

2.3. The experimental design.

This study used a split plot design with three
replications. The main plots had the source varieties
(Gemmeiza 3 and Gemmeiza 4), while the subplots
contained NPK nanoparticle fertilizers and
conventional fertilizer treatments. The study
examined five fertilizers, as follows:

F1: 100% conventional fertilizers

F2: 75% conventional fertilizers + 25% NPK Nano
particle fertilizers

F3: 50% conventional fertilizers + 50% NPK Nano
particle fertilizers

F4: 25% conventional fertilizers + 75% NPK Nano
particle fertilizers

F5: 100% NPK Nano particle fertilizers.

The ammonium nitrate (33.5%) contained 33.5% N
by weight rates of N fertilization, equivalent to 280
Kg Nha™. Fertilizer treatments were divided into
three equal dosages, applied two weeks after sowing
and two weeks after the first and second cuttings.
During fertilizer treatment, ammonium nitrate was
applied as a top dressing. Meanwhile, the NPK nano
fertilizer was applied as a foliar spray and the
maximum concentration, which was equivalent to
100% NPK nanoparticle fertilizers, was 1500
ppm/liter.

2.4. Practices of Agronomy:

The two varieties were received from the Forage
Crops Research Department, Field Crops Research
Institute, Agricultural Research Center (ARC). Seeds
were sowed by 20 kg/fed on May 10" 2022 and May
18™ 2023, respectively. An experimental plot area
was 12 m? Phosphorous monophosphate calcium
(15.5% P,0s) 100 kg P,Os/fed as well as potassium
sulphate (48% K,O) were applied once before
sowing at the recommended rate of 50 K,O/fed.
Three cuts were obtained under such conditions
during the growing season, with cuts taken when the
plant height reached 90 to 120 cm. Cuts were made
45 days after sowing for 1% cut, 32 days for 2" cut,
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and 30 days for the 3 cut. All cultural practices
were completed on time.

2.5. Measured parameters:

At cutting time, ten plants were randomly selected
from each plot to estimate plant height (cm) on the
main stem, main stem diameter (mm), and leaf area
multiplied by 0.75, as well as fresh fodder and dry
yields. Nitrogen content was evaluated using the
Kjeldahl technique AOAC (2012). The crude protein
(CP) was calculated as N. 6.25 times, (NDF) neutral
detergent fiber and acid detergent fiber are the two
important components. Fiber fractions were
evaluated sequentially using a semiautomatic
ANKOM 220 fiber analyzer (Van Soest et al.,
1991). Both fiber fractions were evaluated without
heat-stable amylase and measured with residual ash
content. Sub-samples were incinerated in a muffle
oven at 550°C to 3 hours to determine crude ash
AOAC (2012). To determine crude fat (CF) were
used the soxhlet device.

2.6. Detecting genotoxicity by estimating genomic
template stability (GTS):

Genomic template stability was calculated
for each primer using the equation as reported by
Salarizadeh and Kavousi (2015):
GTS (%) = (1 —-)100%

a is the average number of polymorphic bands
detected in each treatment group, and n is the total
number of bands in the control samples. The
polymorphic bands detected in the RAPD study were
defined as band gains or losses when compared to
the control profile.

2.7. RAPD (random amplified polymorphic DNA)
technique:

DNA extraction procedure for total genomic analysis
of four plant leaves following the manufacturer's
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procedure for the Gene JET Genomic DNA
Purification Kit (KO721/Thermo Fisher).

Data analysis: Bands amplified were recorded 0, 1
for presence and absence using total lab software
analysis (www.totalalb.com). Statistics: Data were
subjected to analysis of variance (ANOVA), using
SAS and SPSS software. Means were compared by
Duncan’s Multiple Range Test (DMRT) (1965) at
5% significance. Variance analysis followed Steel
and Torrie (1980).

3. Results

3.1. NPK Nano fertilizers characterization:

Data presented in Table 3 showed that the variety
Gemmeiza 4 recorded the highest plant height during
the second cut, with mean values of 126.2 cm and
124.5 cm in the 2022 and 2023 seasons, respectively.

In comparison, Gemmeiza 3 recorded mean heights
of 125.,5 cm and 123.0 cm in the same seasons.
Across all cuts and both seasons, Gemmeiza 4
consistently exhibited taller plants than Gemmeiza 3,
suggesting a superior growth response in terms of
plant height. Results from both seasons demonstrated
that the F1 and F3 treatments significantly enhanced
plant height compared to other treatments. In
contrast, the F5 treatment (100% nano) consistently
resulted in the shortest plants, indicating that nano
NPK alone may be less effective in promoting
vertical growth compared to mixed or conventional
fertilization strategies. These findings highlight the
importance of selecting Gemmeiza 4 and utilizing
balanced fertilizer combinations (particularly F1 and
F3) to maximize plant height in teosinte.

Table 3. Plant height affected by Nano and conventional fertilizer applications across three cuts at both

seasons.
Treatments 2022 2023

A. Varieties 1% Cut 2" Cut 3" cut 1% Cut 2" Cut 3" cut
Gemmeiza 3 111.2b 125.5b 101.3b 109.7a 123.0a 103.5a
Gemmeiza 4 1129a 126.2a 103.2a 108.0b 124.5b 103.8b
B. Fertilizer

F1 120.3 b 136.0 a 1115a 1148 b 134.7a 116.2a
F2 1194 a 132.8b 103.8 b 109.9¢ 127.1c 108.3¢
F3 1204 a 133.1b 109.3 b 1164 a 132.3b 108.4 b
F4 101.8c¢c 1152 ¢ 91.3c 102.4d 114.6d 94.1d
F5 98.5d 112.1d 95.4d 101.0e 110.3e 91.3¢e

F1: conventional fertilizers: 100%. F2: 75% conventional fertilizer + 25% nano. F3: 50% conventional fertilizer

+ 50% nano. F4: 25% conventional fertilizer + 75% nano and F5 100% nano.

Respecting the interaction effects between the
Teosinte varieties and fertilizer treatments on plant
height in both seasons (Figure 2 A and B). It can be
observed that there was a significant increase due to

the interaction. The highest values were produced by
Gemmeiza 4 when treated with F1 followed by F2
and F3. Gemmeiza 3 gave shortest plant at F5.
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Fig. 2 A. Plant height as impacted by the interactions of two varieties and fertilizers treatments during both seasons.
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plant height season 2023
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Fig. 2 B. Plant height as impacted by the interactions of two varieties and fertilizers treatments during

both seasons.

Data presented in Table 4 showed the stem diameter
as affected by conventional fertilizer and nano across
cuts in 2022 and 2023 seasons. The variety
Gemmeiza 4 recorded thick stem diameter 7.73 mm
in first cut and 14.58 mm in second cut and 10.85 in

last cut comparing other variety Gemmeiza 3 which
recorded thin stem diameter. The Gemmeiza 4
variety surpassed Gemmeiza 3 on the other hand F3
recorded significant values for stem diameter in all
cuts through both seasons.

Table 4. Stem diameter as affected by conventional fertilizer and nano across cuts in 2022 and 2023

seasons.
Treatments 2022 2023
A. Varieties 1% Cut 2" cut 3" Cut 1% Cut 2" cut 3" Cut
Gemmeiza 3 7.15b 14.12b 10.31b 11.24b 1756 b 13.07a
Gemmeiza 4 7.73 a 14.58 a 10.85a 11.61a 18.20 a 13.59a
B. Fertilizer
F1 8.35a 16.20b 11.85a 12.35b 18.90 b 14.03 b
F2 6.90 ¢ 12.35d 9.88d 11.40c 18.50 ¢ 13.40¢
F3 8.40 a 1450 c 1150 b 12.70 a 19.40 a 14.60 a
F4 7.30b 1740a 10.50c 11.20¢c 17.40d 13.12d
F5 6.23d 11.30e 9.17¢e 9.48d 15.20 e 1150

Values the same column came next by the same letters are not significant different, Duncan's Multiple Range
Test at 0.05.

F1: conventional fertilizers: 100%. F2: 75% conventional fertilizer + 25% nano. F3: 50% conventional fertilizer
+ 50% nano. F4: 25% conventional fertilizer + 75% nano and F5 100% nano.

As shown in (Figure 3 A, B) highly significant
diameter of stem was reported for by used F3
fertilizer for all studied fertilizer treatments, cut 1

was inferior to second cut and third cuts concerning
yield production in fresh weight.

Egypt. J. Agron. 47, No. 4 (2025)




TEOSINTE CROP GROWTH, PRODUCTIVITY AND NUTRITIVE VALUE AS AFFECTED BY NPK NANO-FERTILIZERS...

921

20
18
16
14
12 b

T LS O « AT+

F1 F2

b
C
F3 F4
Gemmeiza 3
W 2022 1st Cut

stem diameter

F5

W 2022 2nd Cut

F1 F2

F3 F4

Gemmeiza 4

2022 3rd Cut

F5
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Fig. 3 B. Stem diameter interactions between varieties and fertilizers treatments during 2023 season.

Table 5. Fresh weight as affected by conventional and nano fertilizers in the two growing seasons.

Treatments 2022 2023

A. Varieties 1%t Cut 2" cut 3" cut 1%t cut 2" Cut 3" Cut
Gemmeiza 3 7.43a 19.15a 455a 7.02a 18.42b 4.08 a
Gemmeiza 4 7.39a 18.95b 431la 6.99 a 18.78 a 4.02 a
B. Fertilizer

F1 9.25a 23.00a 5.33a 9.45a 20.75b 5.55a
F2 7.34¢c 2044 c 4.77b 6.50 b 19.20 ¢ 4.60 b
F3 7.70b 21.16b 5.20 a 6.32 b 21.30a 4.33b
F4 6.33d 15.35d 3.44c 6.35b 18.53d 344 c
F5 6.44d 15.30d 341c 6.40b 1321e 2.35d

F1: conventional fertilizers: 100%. F2: 75% conventional fertilizer + 25% nano. F3: 50% conventional fertilizer + 50%
nano. F4: 25% conventional fertilizer + 75% nano and F5 100% nano

Egypt. J. Agron.47, No. 4 (2025)
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Data in Table 5 shows the effect of teosinte varieties
and five fertilizers on fresh yields. Data illustrates
that the differences were significant in all cuts in
both seasons. Adding F1 fertilizer in conventional
fertilizers markedly increased fresh weight yield
followed by F3 when compared with the other
different fertilizers. Application of 100 %
conventional fertilizers gave 9.30,23.70, and 5.20
ton/fed in the first, second and third cut, respectively

in 2022 season. The lowest value of fresh forage
yields Gemmeiza 3 were observed in comparing to
Gemmeiza 4. The highest total forage yield can be
achieved from the plots which received high portion
of F1 fertilizer. The variety Gemmeiza 4 superior
other variety in fresh weight, on the other hand F1
and F3 recorded significant values in fresh weight in
comparing other fertilizers.

Table 6. Fresh weight as influenced by the interaction between varieties and fertilizers treatments during

both seasons.

Treatments 2022 2023

A. Varieties | B. Fertilizers | 1% Cut 2" cut 3" Cut 1% Cut 2" Cut 3" cut
F1 9.20a 22.30b 5.47 a 9.40a 20.20b 570 a
F2 7.47 bc 21.70 c 5.20a 6.50 b 19.20c¢c 460D

Gemmeiza 3 F3 7.70b 21.16d 5.20a 6.50 b 21.10a 427b
F4 6.35d 17.20 f 3.47c 6.30 b 18.40d 3.50¢c
F5 6.42d 13.40¢ 3.40c 6.40 b 13.21e 2.35d
F1 9.30a 23.70 a 5.20a 9.50 a 21.30a 5.40a
F2 7.20cC 19.17 e 4.34b 6.50 b 19.20 c 460b

Gemmeiza 4 F3 7.70b 21.16d 5.20a 6.14b 2150a 438D
F4 6.31d 13504¢g 3.40c 6.40b 18.67d 3.37¢c
F5 6.47d 17.20 f 341c 6.40 b 13.21e 2.35d

Values the same column came next by the same letters are not significant different, Duncan's Multiple Range Test at 0.05.
F1: conventional fertilizers: 100%. F2: 75% conventional fertilizer + 25% nano. F3: 50% conventional fertilizer + 50%
nano. F4: 25% conventional fertilizer + 75% nano and F5 100% nano

Significant increases were detected in fresh weight,
from plants which received F1 and F3 treatments
with Gemmeiza 4 variety, as compared to the
control, as presented in Table 6 in both seasons.
Data illustrates that the differences between teosinte
fresh weight as affected by varieties and fertilizers
were significant in all cuts in both seasons. Adding

F1 fertilizer to Gemmeiza 4 markedly increased
fresh weight yield when compared with the other
variety i.e. 23.70 and 21.30 in the second cut in both
seasons, respectively. The lowest value of fresh
weight yields (13.40 and 13.21) were observed under
the Gemmeiza 3 in the second cut when receiving
F5.

Table 7. Dry weight as influenced by the interaction between varieties and fertilizers treatments two

seasons.
2022 2023
1% Cut 2" cut 3" Cut 1* Cut 2" cut 3" Cut
A. Varieties
Gemmeiza 3 17.35a 19.51a 19.65a 17.71a 1955b 19.73 a
Gemmeiza 4 1793 a 18.55a 19.86 a 1793 a 19.80a 20.02 a
B. Fertilizer
F1 18.40 a 21.85a 21.60 a 18.13a 21.95a 2150 a
F2 16.80 b 18.55 b 18.60 bc 15.40b 15.67 e 16.40d
F3 16.10 b 16.88 ¢ 17.28 ¢ 18.53 a 19.50d 19.60 c
F4 18.35a 16.28 ¢ 19.83 ab 18.53 a 20.10c 20.50 b
F5 1857 a 21.60 a 21.47 a 18.50 a 21.17b 21.37 a

Data illustrated in Table 7 shows the variety
Gemmeiza 4 superior other variety in dry weight, on
the other hand F1 and F5 recorded significant values

Egypt. J. Agron. 47, No. 4 (2025)

in dry weight yield in comparing other fertilizers of
two seasons of dry yield. The highest mean of dry
weight can be observed in the third cut which
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recorded 19.86 and 20.02 in both seasons
respectively in the third cut from Gemmeiza 4 while
the Variety Gemmeiza 3 recorded lowest means.
Plants received F1 and F5 fertilizers recorded highest
dry weight yield compared to other fertilizers.

As shown in Table 8 highly significant increases
were detected in dry weight yield, from plants which
received F5 nano fertilizers treatments with

Gemmeiza 4 variety, as compared to the other
fertilizers in both seasons. Data shows the effect of
the interactions effect of two seasons of dry yield of
teosinte under nano and conventional fertilizers. The
highest mean of dry weight can be observed in the
third cut which recorded 21.47 and 21.37 in both
seasons respectively.

Table 8. Dry weight as influenced by the interaction between varieties and fertilizers treatments during

both seasons.

2022 2023
G F 1t Cut 2" Cut 3" Cut 15t Cut 2" Cut 3 Cut
F1 18.20 a 21.30 ab 21.10 ab 18.10a 21.40b 21.00 bc
F2 18.20 a 21.30 ab 21.10 ab 15.30 a 15.60 e 16.30
Gemmeiza 3 F3 13.70b 14.30de 15.20c 1827 a 19.50 d 19.47 e
F4 18.10a 19.07 ¢ 19.40 b 18.37a 20.10c 20.50 cd
F5 1857 a 21.60 ab 21.47 ab 18.50 a 21.17b 21.37ab
F1 18.60 a 22.40a 22.10a 18.17 ab 2250 a 22.00a
F2 15.40 b 15.80 d 16.10c 15.50 b 15.73 ¢ 16.50 f
Gemmeiza 4 F3 18.50 a 19.47 bc 19.37b 18.80 a 19.50 d 19.73 de
F4 18.60 a 1350 e 20.27 ab 18.70 a 20.10c 20.50 cd
F5 1857 a 21.60 ab 21.47 ab 18.50 a 21.17b 21.37ab

F1: conventional fertilizers: 100%. F2: 75% conventional fertilizer + 25% nano. F3: 50% conventional fertilizer
+ 50% nano. F4: 25% conventional fertilizer + 75% nano and F5 100% nano

Data presented in Table 9 shows the variety
Gemmeiza 4 superior other variety in leaves area, on
the other hand F1, F2 and F5 recorded significant
values in leaves area in comparing other fertilizers.
Gemmeiza 4 teosinte variety recorded 5430.4 and
5567.7 leaves area in the second cuts in both seasons

respectively comparing to other variety Gemmeiza 3.
Plants received F1 fertilizers recorded highest leaves
area in second cut (6220.3 and 6840.4) in both
seasons.

Table 9. Leaves area as influenced by the interaction between varieties and fertilizers treatments during

two seasons.

2022 2023
A. Varieties 1% Cut 2" Cut 3" Cut 1% Cut 2" cut 3" Cut
Gemmeiza 3 3354.5b 5126.4b 2300.8b 3604.9b 5334.8b 2486.9b
Gemmeiza 4 3430.5a 5306.4a 2397.3a 3708.7a 5567.7a 2669.0a
B. Fertilizer
F1 3510.1¢ 6220.3 a 3670.3a 41004 a 6840.4 a 40755a
F2 3540.3a 5680.4 b 2532.3 b 3516.2 ¢ 50115¢c 1840.3 ¢
F3 3530.4 b 5670.5 ¢ 25219c 4020.1 b 6122.4 b 3571.2b
F4 3231.2d 4350.2d 1560.4d 3415.3d 4920.3 d 1760.4d
F5 31504 e 41604 e 1460.3 e 32318¢e 43615¢€ 1642.6 e

F1: conventional fertilizers: 100%. F2: 75% conventional fertilizer + 25% nano. F3: 50% conventional fertilizer
+ 50% nano. F4: 25% conventional fertilizer + 75% nano and F5 100% nano

Leaves area parameter was highly significantly
variable as affected by the fertilizer treatment and
variety interaction during both seasons (Table 10).

Leaves area for the two varieties significantly
increased when treated with 75% F1: conventional
fertilizers: 100%. F2: 75% conventional fertilizer +
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25% nano. F3: 50% conventional fertilizer + 50%
nano. F4: 25% conventional fertilizer + 75% nano
and F5 100% nano fertilizer + 25% nan fertilizers
with Gemmeiza 4 variety compared to the other

fertilizer treatments during 2022 and 2023. The
variety of Gemmeiza 4 recorded high leaves area
when treated with F1 in both seasons during the
three cuts.

Table 10. Leaves area as influenced by the interaction among varieties and fertilizers treatments during

both seasons.

2022 2023
Varieties Fertilizers | First Cut Second Third Cut | First Cut Second Third Cut

Cut Cut

F1 3320.1d 5770.3b 3430.2b 3840.6 ¢ 6260.5b 3620.3b

F2 3540.3b 5680.4 ¢ 2532.3¢ 3516.2d 5010.2d 1840.3 d

Gemmeiza 3 F3 35304 c 5670.5d 2520.6d 4020.1b 6122.4 c 3570.2¢c

F4 3231.2¢e 4350.2 e 1560.4 e 34153 ¢ 4920.3 e 1760.4 e

F5 31504 f 41604 f 1460.3 f 32321 f 43605 f 1643.4 f

F1 3700.2a 6670.4 a 39103 a 4360.3 a 7420.4 a 4530.6 a

F2 3540.3 b 5680.4 c 2532.3¢c 3516.2d 5012.9d 1840.3d

Gemmeiza 4 F3 35304 c 5670.5d 2523.3d 4020.1b 61224 c 3572.2¢c

F4 3231.2¢e 4350.2 e 1560.4 e 34153 ¢ 4920.3 e 1760.4 e

F5 31504 f 41604 f 1460.3 f 32314 f 43625 f 1641.7 f

F1: conventional fertilizers: 100%. F2: 75% conventional fertilizer + 25% nano. F3: 50% conventional fertilizer
+ 50% nano. F4: 25% conventional fertilizer + 75% nano and F5 100% nano

3.2. Forage quality Parameters:

Figures 4 A, B and C illustrated the averages of the
crude protein, and acid detergent fiber as well as
crude fat for two teosinte varieties as effected by
fertilizers treatments in both seasons.

Data in Figure (4 A, B, C) indicate that Gemmeiza 4
with F1 and achieved high total nitrogen, phosphorus

cP

80
70

and total protein content were higher in pods
produced from plants primed with water or Mo
solution than those of pods produced from untreated
plants in the two seasons. There were no significant
effects on the potassium content in pods of plants

d ¢ cc e d
h f g e
60
50
40
30
20
10
0
F1 F2 F3 Fa F5

Gemmeiza 3

a a b a c b
II II I| |
F1 F2 F3 F4

treated or untreated.
f e
F5 \

Gemmeiza 4

mCP 2022 mCP2023

Fig. 4 A. Averages crude protein for two varieties as effected by fertilizers treatments in both seasons.
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Fig. 4 B. Averages acid detergent fiber for two varieties as effected by fertilizers treatments in both

seasons.
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Fig. 4 C. Averages crude fat for two varieties as effected by fertilizers treatments in both seasons.

3.3. Genotoxicity of Nanoparticles:

Biosafety of Bulk N.P.K nanoparticle fertilizer:

In this study for teosinte crop to evaluate
genotoxicity of applied nanoparticles, Genomic
template stability value was applied. In our
investigation, Random Amplification of
Polymorphic DNA (RAPD) fingerprinting technique

was used to detect Genomic template stability (%)
among applied nanoparticles. Based on our findings,
genome template stability GTS value 100% in plants
treated with nanoparticles. This indicates that the
largest genome stability was nanoparticles
concentration presented in Table 11.

Table 11. Genomic template stability for each random primer for three bulk NPK nano fertilizers for

teosinte.
NPK Nano fertilizers.
Control Al A2 A3
Polymorphic bands in every group that was treated. 0.00 0.00 0.00 0.00
The average number of polymorphic bands discovered for each 0.00 0.00 0.00 0.00
group a
Bands in control sample (n) 21 21 21 21
(a/n) 0.00 0.00 0.00 0.00
1- a/n I I | I
GTS (1- a/n) *100 100 100 100 100
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Table 12. A linear pearson correlations coefficient for two teosinte varieties as effected by fertilizers.

Plant Stem diameter | Fresh weight Dry weight Leaves area
Plant height 1
Stem diameter 0.830" 1
Fresh weight 0.847" 0.915™ 1
Dry weight -0.122" -0.198™ -0.178™ 1
Leaves area 0.8522 0.8024" 0.794" 0.318™ 1

As shown in Table 12 which displayed the
correlation coefficient of the various measures of the
two teosinte varieties and five fertilizers in the
second cut, height, diameter, fresh, dry weight, and
leaves area were highly significant positively
correlated with the parameters under study.
Significant and highly significant  negative
correlations were found with dry weight and studied
traits, respectively. Regarding the higher plant,
diameter of the stem, fresh, dried weight, and leaves
area of teosinte varieties have made progress in
genetic improvement.

4. Discussions

NPK nano-fertilizers have demonstrated strong
potential in promoting nutrient absorption and
improving plant performance due to their small
particle size and large surface area. These properties
enable efficient uptake through the leaf epidermis,
followed by transport to stems and other tissues,
ultimately enhancing assimilation and boosting crop
growth, productivity, and quality. As reported by
Haydar et al. (2024), excessive reliance on
conventional  fertilizers  contributes to  soil
contamination, highlighting the need for innovative
alternatives such as nano-structured macronutrient
fertilizers. These nano-formulations provide a
controlled and gradual release of nutrients, a strategy
endorsed by Yadav et al. (2023) to address soil
limitations in nutrient retention.

Kopittke et al. (2019) demonstrated that fertilizer
combinations such as 50% conventional with 50%
nano (F3) offer a balanced nutrient supply,
promoting optimal plant development. The current
study investigated the effects of nano-NPK on plant
height and leaf area in two teosinte varieties,
Gemmeiza 3 and Gemmeiza 4, across three cuts.
Notably, plant height and leaf area peaked in the
second cut for both varieties, with Gemmeiza 4
consistently outperforming Gemmeiza 3 in growth
rate across all cuts. This growth advantage may be
attributed to  genetic  differences, hormonal
regulation, environmental response mechanisms, and
epigenetic factors (Agarwal et al., 2020; Dar et al.,
2022; Abdulraheem et al., 2024).

Among fertilizer treatments, F1 (100% conventional)
and F3 (50% conventional + 50% nano) were most
effective in enhancing plant height and leaf area,
suggesting these formulations are well-suited for
teosinte cultivation. In contrast, F5 (100% nano)
resulted in the lowest growth, indicating that nano-
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fertilizers alone may not be sufficient for optimal
crop performance. Helaly et al. (2021) highlighted
the advantage of nano-particles in ion retention due
to their high surface area, which supports their role
in nutrient delivery.

Gemmeiza 4 also outperformed Gemmeiza 3 in dry
matter accumulation and fresh forage yield across all
cuts, with the second cut being the most productive.
Interestingly, F5 produced the highest dry matter
content but the lowest fresh weight, whereas F1
achieved the highest fresh yield despite having the
lowest dry matter content. These results suggest that
different fertilizer combinations influence water
content and biomass composition differently.

The improvement in yield due to nano-fertilizers is
supported by findings from Reshma Anjum et al.
(2023), who attributed the increase to enhanced
nutrient availability, absorption efficiency, and
internal transport processes. Cao et al. (2025) further
explained that the synergistic effect of combining

nano- and conventional fertilizers enhances
photosynthetic  efficiency, sink strength, and
metabolic activity.

Regarding nutritional quality, Gemmeiza 4

consistently exhibited higher protein content and
lower acid detergent fiber (ADF) compared to
Gemmeiza 3, indicating superior digestibility.
Fertilizer treatment F1 yielded the highest crude
protein content, followed by F2 and F3, while F3
showed the lowest ADF values, suggesting improved
fiber digestibility. Conversely, F5 had the highest
crude fiber content, while F1 had the lowest. These
results underscore the importance of fertilizer
formulation in shaping the nutritional profile of
teosinte.

Payghan (2016) and Channab et al. (2024) also
reported that combining nano- and conventional
fertilizers improves fodder quality by reducing ADF
and increasing protein content. The slow and
targeted release of nutrients from nano-formulations
enhances protein synthesis and modifies plant cell
wall composition, which can affect fiber structure
and digestibility (Garg et al., 2023).

Lastly, Sompark et al. (2024) and Silprasit et al.
(2016) highlighted the role of genotoxicity studies in
environmental safety assessments. Though beyond
the scope of this study, these insights stress the
importance of understanding potential unintended
effects of agricultural inputs, including nano-
materials, on genetic stability in ecosystems.
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5. Conclusions
Overall, the findings of this study demonstrate that
combining nano-NPK fertilizers with conventional
fertilizers significantly enhances teosinte growth and
forage quality under the conditions of the Gemmeiza
Research Station. The application of nano-fertilizers
positively influenced key growth traits such as plant
height, stem diameter, leaf area, and dry matter
content, reflecting the genetic potential of teosinte
for high biomass production. Among all treatments,
nano-NPK  combinations  vyielded the best
performance across growth stages, with F2 (75%
conventional + 25% nano) and F3 (50%
conventional + 50% nano) proving most effective in
improving both agronomic traits and feed quality.
Notably, the F5 (100% nano) treatment resulted in
the highest crude fat content, while F3 showed the
lowest mean acid detergent fiber (ADF), indicating
improved fiber digestibility.
Given that all applied nano-materials were deemed
safe for human health and the environment, the study
supports the sustainable use of nano-fertilizers in
forage systems. Therefore, the combined application
of conventional and nano-NPK fertilizers—
particularly F2 and F3—is recommended for
enhancing teosinte growth and fodder nutritive
value. To ensure long-term agricultural sustainability
and practical relevance, further research is
recommended on the long-term effects of
nanoparticle application on soil health and crop
productivity. The outcomes of this study provide
valuable insights into the role of nano-fertilizer
technology in improving livestock feed quality and
advancing sustainable forage production systems.
Conflicts of Interest: The authors declare that the
research was conducted in the absence of any
commercial or financial relationships that could be
construed as a potential conflict of interest
Author Contributions: Conceptualization, M. A.
E., A. B. and M. M. K.; methodology, M. A. E., and
M. M. K, formal analysis, M. A. E., A. B., M. M. K,,
M. S. K. H. and M. M. B.., investigation, M. A. E.,
A. B, M. M. K,, M. S. K. H. and M. M. B., data
curation, M. A. E., and M. M. B. writing original
draft preparation, M. A. E., A. B.,, M. M. K., M. S.
K. H. and M. M. B., writing review and editing M.
A. E. and M. M. B., All authors have read and
agreed to the published version of the manuscript.
Formatting of funding sources: The research was
funded by personal efforts of the corresponding
authors.
6. References
Abdel-Fattah, I. M., Hatab, S. H., EI-Nahrawy, S. M.,
& El-Gaafarey, T. G. (2023). Effect of Cut-Off
Irrigation levels on Production of Teosinte Forage
Crop in Clay Soil. J. Exp. Agric. Int, 45(10), 75-87.
https://doi.org/10.9734/jeai/2023/v45i82158
Abdulraheem, M. 1., Xiong, Y., Moshood, A. Y,
Cadenas-Pliego, G., Zhang, H., & Hu, J. (2024).
Mechanisms of plant epigenetic regulation in response

to plant stress:  Recent  discoveries  and
implications. Plants, 13(2), 163.
https://doi.org/10.3390/plants13020163

Aboulila, A. A. & O. A. Galal (2019). Evaluation of silica
nanoparticles (SiO2NP) and somaclonal variation
effects on genome template stability in rice using
RAPD and SSR markers. Egypt. J. Genet. Cytol., 48:
1-16. https://doi.org/10.1007/bf03195229

Agarwal, G., Kudapa, H., Ramalingam, A,
Choudhary, D., Sinha, P., Garg, V. & Singh, V.K.
(2020). Epigenetics and epigenomics: underlying
mechanisms, relevance, and implications in crop
improvement. Functional and Integrative Genomics.
20 (6), 739-761. https://doi.org/10.1007/s10142-020-
00756-7

Andualem, A., Wato, T., Asfaw, A., & Urgi, G. (2024).
Improving primary nutrients (NPK) use efficiency for
the sustainable production and productivity of cereal
crops: A compressive review. Journal of Agriculture
Sustainability and Environment ISSN, 2997, 271X.
10.56556/jase.v3i1.833

AOAC. (2012). International Official Methods Analysis
(19" Ed.) Association of Official Analytical Chemists.
Gaithersburg, MD, USA.
https://doi.org/10.1093/9780197610145.003.1380

Cao, Y., Turk, K., Bibi, N., Ghafoor, A., Ahmed, N.,
Azmat, M., & Ahanger, M. A. (2025). Nanoparticles
as catalysts of agricultural revolution: enhancing crop
tolerance to abiotic stress: a review. Frontiers in Plant
Science, 15, 1510482.
https://doi.org/10.3389/fpls.2024.1510482

Channab, B.-E., EL Idrissi, A., Ammar, A., Dardari,
O., Marrane, S.E., el Gharrak, A. & Akil, A. (2024).
Recent advances in nano-fertilizers: synthesis, crop
yield impact, and economic analysis. Nanoscale. 16(9),
4484-4513. DOI

https://doi.org/10.1039/D3NR05012B

Chawla, R., & Kumar Sharma, S. (2025). Nitrogen
fertilization of stone fruits: A comprehensive
review. Journal of Plant Nutrition, 48(3), 445-485.
https://doi.org/10.1080/01904167.2024.2405990

Chhabra, P., Johari, A., Tripathy, D. B., & Gupta, A.
(2025). Nano- Pesticides, Nano- Herbicides and
Nano- Fertilizers: Future Perspective. Multifunctional
Materials: Engineering and Biological Applications,
419-439.

Dar, F. A., Mushtaqg, N. U., Saleem, S., Rehman, R. U,
Dar, T. U. H., & Hakeem, K. R. (2022). Role of
epigenetics in modulating phenotypic plasticity against
abiotic stresses in plants. International journal of
genomics. (1). https://doi.org/10.1155/2022/1092894

Duncan, D.B. (1965). Multiple Range and Multiple F.
Test. Biometrics, 11:1-42.

Ernst, D., Kolenéik, M., Sebesta, M., Zitniak Curna, V.,
Qian, Y., Straka, V., .. & Balazi, J. (2024).
Enhancing maize yield and quality with metal-based
nanoparticles without translocation risks: A brief field
study. Plants, 13(14), 1936. doi:
10.3390/plants13141936

Fadel, A. A., Abdulhamed, Z. A., & Yousif, S. A. (2022,
July). RAPD technique to determine the genetic
divergence of barley genotypes. In IOP Conference
Series: Earth and Environmental Science (Vol. 1060,

Egypt. J. Agron.47, No. 4 (2025)


https://doi.org/10.9734/jeai/2023/v45i82158
https://doi.org/10.3390/plants13020163
https://doi.org/10.1007/bf03195229
https://doi.org/10.1007/s10142-020-00756-7
https://doi.org/10.1007/s10142-020-00756-7
http://dx.doi.org/10.56556/jase.v3i1.833
https://doi.org/10.1093/9780197610145.003.1380
https://doi.org/10.3389/fpls.2024.1510482
https://doi.org/10.1039/D3NR05012B
https://doi.org/10.1080/01904167.2024.2405990
https://doi.org/10.1155/2022/1092894

928 EL-HITY, et al.

No. 1, p. 012123). IOP Publishing. Conf. Ser.: Earth
Environ. Sci. 10.1088/1755-1315/1060/1/012123

Galal, A. O., Thabet, F. A., Tuda, M., & EI-Samahy, F.
M. (2020). RAPD Analysis of Genotoxic Effects of
Nano-Scale SiO_2 and TiO_2 on Broad Bean (Vicia
Faba L.).

Garg, D., Sridhar, K., Stephen Inbaraj, B., Chawla, P.,
Tripathi, M. & Sharma, M. (2023). Nano-
biofertilizer formulations for agriculture: a systematic
review on recent advances and prospective
applications.  Bioengineering.  (2023). 10 (9).
https://doi.org/10.3390/bioengineering10091010.

Haydar, M.S., Ghosh, D. and Roy, S. (2024). Slow and
controlled release Nano fertilizers as an efficient tool
for sustainable agriculture: Recent understanding and
concerns. Plant Nano Biology. 7.
https://doi.org/10.1016/j.plana.2024.100058

Helaly, A., Ashmawi, A.E., Mohammed, A.A., El- Abd,
M.T. & Nofal, A.S. (2021). Effect of soil application
of nano NPK fertilizers on growth, productivity and
quality of lettuce (Lactuca sativa). Al-Azhar Journal of
Agricultural Research. 46 1), 91-100.
https://doi.org/10.21608/ajar.2021.218559

https://doi.org/10.1002/9781394234134.ch16

Hussein, M. M. and Sabbour, M. M. (2024). Evaluation
responses of potato to salinity and nano nitrogen
fertilizer, Egypt. J. Agron. 46(2): 343-353.
https://doi.org/10.21608/agro.2024.294770.1440

Kopittke, P.M., Lombi, E., Wang, P., Schjoerring, J.K.
and Husted, S. (2019). Nanomaterials as fertilizers for
improving plant mineral nutrition and environmental
outcomes. Environmental Science: Nano. 6(12).
https://doi.org/10.1039/C9EN00971J

Lynch, A. and Rowland C. (2005). The history of
grinding. SME. ISBN 0-87335-238-6.

Mohamed, E. F., & Awad, G. (2024). Nano fertilizers
versus traditional fertilizers for a sustainable
environment: A recent trend in climate change
mitigation. Nanofertilizer ~ Delivery, Effects and
Application Methods, 387-402.

Muche, M., Bitew, Y., Selassie, Y. G., Gezahegn, A,
Addisu, S., & Sato, S. (2025). Synergistic Effects of
Water Hyacinth Compost and Blended Mineral
Fertilizers on Key Soil Properties and Bread Wheat
Yield. Journal of Sustainable Agriculture and
Environment, 4(1), e70054.
https://doi.org/10.1002/sae2.70054

Murodsulton, N., P Rathore, A.,, M Surpura, R., K
Patel, S., & Jangir, S. (2024). Contemporary Farming

and  Associated  Consequences of  Climate
Change. Asian  Journal  of  Environment &
Ecology, 23(7), 143-160.

https://doi.org/10.9734/ajee/2024/v23i7571

Nandy, P., Das, S. K., & Tarafdar, J. C. (2025). Impact
of foliar spray of zinc in nano form on lentil grown
under residual fertility of preceding rice. International
Journal of Plant Production,19 (1), 15-30.
https://doi.org/10.1007/s42106-024-00317-z

Payghan, H. (2016). Effects of organic, chemical and
nano-biological fertilizers on quantitative and
qualitative  characteristics of millet (Panicum
miliaceum L.) varieties. University of Zabol.
https://doi.org/10.21275/v5i3.nov162175

Egypt. J. Agron. 47, No. 4 (2025)

Regional Salinity Laboratory (US). (1954). Diagnosis
and improvement of saline and alkali soils (No. 60).
US Department of Agriculture.

Reshma Anjum, M., Maheswari, J., Anusha, K.,
Sravya, B., Narasimha, G., & Abd-Elsalam, K. A.
(2023). Maximizing Crop Yield with Macro and Micro
Nano Enhanced Fertilizers. In Nano fertilizers for
Sustainable Agroecosystems: Recent Advances and
Future Trends (pp. 1-33). Cham: Springer Nature
Switzerland. https://doi.org/10.1007/978-3-031-41329-
21

Richards, L. A. (1967). In Diagnosis and improvement of
saline and al kalisoils Agric. Hand book No. 60. U.S.
Salinity Lab-Staff-  Washington D.C.USA.
https://doi.org/10.1126/science.120.3124.800

Salem, A. Kh., Sultan, F. M. and El-Douby, K. A.
(2019). Effect of Intercropping Cowpea (Vigna
unguiculata L.) with Teosinte (Zea mexicana Schrad)
on Forage Yield Productivity and Its Quality. Egypt. J.
Agron. 41(2): 183 - 196.
https://doi.org/10.21608/agr0.2019.11752.1161 .

Salem, S. A., M Oumer, A., Dhehibi, B., Abda-Allah
Abdallah, 1., Souissi, A., Crichton, R., & Baum, M.
(2024). Farmers' Bottlenecks and Risks to Innovate
and Adopt New Technologies in Egypt: A systematic
review. https://hdl.handle.net/10568/163680

Sharma, T., Gupta, A., Chudali, S., Singh, K. P,
Manojkumar, S. S., & Sanjaykumar, D. Y. (2024).
Nanobiostimulants: The
Nanoscopic. NANOBIOSTIMULANTS: Emerging
Strategies for Agricultural ~ Sustainability, 245.
https://doi.org/10.1007/978-3-031-68138-7

Silprasit, K., Ngamniyom, A., Kerksakul, P., &
Thumajitsakul, S. (2016). Using morphology and
genomic template stability (GTS) to track herbicide
effect on some submersed aquatic plants. Applied
Environmental Research, 38(1), 75-85.
https://doi.org/10.35762/aer.2016.38.1.7

Soliman, D. A. (2025). Efficacy Foliar Spraying of NPK
Nano Fertilizer on Yield Attributes of Wheat, Egypt. J.
Agron. 47(2): 187-195.
https://doi.org/10.21608/agro.2025.331469.1546

Sompark, C., Damrianant, S., & Sakkayawong, N.
(2024). Phytotoxicity and genotoxicity study of
reactive red 141 dye on mung bean (Vigna radiata (L.)
Wilczek) seedlings. Molecular Biology Reports, 51(1),
51. https://doi.org/10.1007/s11033-023-08917-0

Steel, R. G. and Torrie. (1980). Principles and produces
of statistics and ed. MC Graw Hill, New York, U.S.A.
https://doi.org/10.1017/s0770451800050508

Van Soest, P.J., Robertson, J.B. and Lewis, B.A. (1991).
Methods for dietary fiber, neutral detergent fiber, and
nonstarch polysaccharides in relation to animal
nutrition. Journal of Dairy Science. 74 (10), 3583-
3597. https://doi.org/10.3168/jds.S0022-
0302(91)78551-2

Yadav, A., Yadav, K. and Abd-Elsalam, K.A (2023).
Nano fertilizers: types, delivery and advantages in
agricultural sustainability. Agrochemicals. 2(2), 296—
336. https://doi.org/10.3390/agrochemicals2020019.


http://dx.doi.org/10.1088/1755-1315/1060/1/012123
https://doi.org/10.3390/bioengineering10091010
https://doi.org/10.1016/j.plana.2024.100058
https://doi.org/10.21608/ajar.2021.218559
https://doi.org/10.1002/9781394234134.ch16
https://doi.org/10.21608/agro.2024.294770.1440
https://doi.org/10.1039/C9EN00971J
https://doi.org/10.1002/sae2.70054
https://doi.org/10.9734/ajee/2024/v23i7571
https://doi.org/10.21275/v5i3.nov162175
https://doi.org/10.1007/978-3-031-41329-2_1
https://doi.org/10.1007/978-3-031-41329-2_1
https://doi.org/10.1126/science.120.3124.800
https://doi.org/10.21608/agro.2019.11752.1161
https://hdl.handle.net/10568/163680
https://doi.org/10.1007/978-3-031-68138-7
https://doi.org/10.35762/aer.2016.38.1.7
https://doi.org/10.21608/agro.2025.331469.1546
https://doi.org/10.1017/s0770451800050508
https://doi.org/10.3168/jds.S0022-0302(91)78551-2
https://doi.org/10.3168/jds.S0022-0302(91)78551-2
https://doi.org/10.3390/agrochemicals2020019

