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SUMMARY

Ameliorating peanut production is a requirement to cope with the abrupt climate change and
burgeoning population. Seed treatment is vital for enhancing and sustaining peanut production,
particularly in semiarid environments. The latest study aimed to evaluate the impact of different seed
treatments on the agronomic and quality of three high-yielding peanut cultivars: Giza-6, North
Carolina (N.C.), and Aramanch. The applied seed treatments include Rhizobium inoculation, moringa
leaf extract, vitavax, and gypsum versus untreated control. The evaluated peanut -cultivars
significantly varied in their results for agronomic and quality traits. The cultivar Giza-6, followed by
Aramanch, proved the best displaying the highest number of seeds per pod, humber of pods per plant,
100-seed weight, number of branches per plant, shelling percentage, biological yield, pod yield, seed
yield, oil yield, and protein yield. The applied seed treatments substantially enhanced peanut yield
traits, oil, and protein content of peanuts with the superiority of Rhizobium inoculation, gypsum, and
moringa extract. These treatments effectively reinforced peanut growth, positively reflected in the
yield and quality traits. Subsequently, integrating the seed treatments, particularly Rhizobium
inoculation, gypsum, and moringa extract, with high-yielding cultivars, such as Giza-6 and Aramanch,
confirmed a helpful approach to enhancing and sustaining peanut production in arid environments.

Keywords: yield traits, oil content, crude protein, interaction effect, heatmap, and hierarchical
clustering

Key findings: The assessed peanut cultivars exhibited significant differences in all agronomic and
quality traits, with Giza-6 and Aramanch proving superior. The applied seed treatments enriched
peanut yield traits, oil, and protein content of peanuts, with the superiority of Rhizobium inoculation,
gypsum, and moringa extract.
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INTRODUCTION commercial producers (Ali et al., 2022;

Popoola et al., 2022). Classified as a grain
Peanut (Arachis hypogaea L.) is a major legume, it gives high oil content as an oil crop.
legume crop cultivated predominantly for its Global annual production of shelled peanuts
edible seeds. It is extensively grown in the reached 53.6 million t, from 31.5 million ha in
tropics, beneficial to large and small 2020 (FAOSTAT, 2022). Peanut functions as an
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annual summer crop in Egypt, with a total
cultivated area of 64,000 ha, a total production
of 213,800 t, and an average of 3.34 t/ha, in
the 2020 season. Peanut attests as one of the
most basic cash and food crops (Carvalho et
al., 2018; Li et al., 2018). It is a crop of
economic worth, having a valuable source of
several nutrients. Peanut it contains 25%
protein and 50% edible oil, thus, considered
highly nutritious (Javanmardi et al., 2022). It
serves numerous uses, i.e., in the form of
edible oil, shelled nuts, or distinct processing
forms, such as, peanut butter, flour, sauce, or
confectionery items (Koolachart et al., 2019;
Yin et al., 2022). Accordingly, deciding to
improve its production to ensure global food
security with the current population growth
and the threat of environmental pressures
proves valid.

Genotypes exhibited contrasting
performances under different agricultural
practices (Gracia et al., 2012; Ponce-Molina et
al., 2012; Gharib et al., 2021; Desoky et al.,
2021; Habibullah et al., 2021; Mansour et al.,

2021a; Swailam et al., 2021; Omar et al.,
2022). Peanut cultivars differ in chemical
composition, germination, vigor, fungi

infection, and storability (Bera et al., 2019).
Consequently, assessing peanut genotypes to
explore those with enhanced efficiency in
employing agricultural practices is essential for
its future sustainable production (Cantonwine
et al., 2011; Kamara et al., 2022; Sakran et
al., 2022). Peanut genotypes display
substantial differences in their responses to
seed treatments (Khetrin et al., 2018; Nayak
et al., 2020; Aderiye et al., 2021).

Seed treatments are an efficacious and
feasible approach to enhancing plant growth
and productivity (El-Sanatawy et al., 2021a).
Symbiotic nitrogen fixation by legumes has a
decisive role in preserving soil fertility and

sustaining crop productivity in arid
environments (Mansour et al., 2021b). Peanut,
like other legumes, forms a symbiosis

relationship with rhizobia (Bogino et al., 2006).
The most associated role is to promote
legume-Rhizobium symbiosis in photo-
hormones, induce root growth stimulation, and
provide more sites for rhizobia nodulation
(Mahrous et al., 2015; El-Hady et al., 2022).
Gypsum is one of the most primitive fertilizer
forms utilized in peanut production. Gypsum
provides a soluble source of vital plant
nutrients, such as, calcium and sulfur, and can
enhance overall plant growth (Prakash et al.,
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2020). It promotes seedling emergence and
boosts water infiltration rates and movement
through the soil profile. It can also diminish
losses of nutrients and concentrations of
soluble phosphorus in surface water runoff
(Rashmi et al., 2018).

Diseases cause considerable losses in
peanut production (Naab et al., 2005). Fungal
and bacterial pathogens damage the crop at
different stages of growth and cause acute
yield losses, and in some cases, destroy seed
quality (Nazarov et al., 2020; Kamara et al.,
2021a). Though certain plant infections are
manageable through resistant genotypes and
modification of agricultural practices, various
diseases are only managed adequately with an
appropriate fungicide (Jadon et al., 2015). A
suitable means of applying crop protection
treatments include treating the seed. Seed
treatments proved remarkably effective since
they can protect young plants during a
sensitive stage in their development (Ashraf
and Foolad, 2005; El-Sanatawy et al., 2021b;
Selem et al., 2022). Fungicide seed treatment
as inexpensive protection for peanut helps
seed growers and producers. Appropriate
fungicide application supports better
performance of plant growth, increasing the
seed yield and quality (Rocha et al., 2019).
Moreover, Moringa oleifera extracts had
different degrees of antifungal activity against
tested pathogens (EI-Mohamedy and Abdalla,

2014). Moringa extract decreases the
opportunity for fungal disease, provides seed
vigor, and enhances plant growth

(Nwangburuka et al., 2012). Previous reports
exist on several studies related to seed
treatment and its contribution to enhancing
peanut production. However, no existing
studies focus on the comparison of different
seed treatments, such as, Rhizobium
inoculation, moringa leaf extract, vitavax, and
gypsum, on the agronomic and quality of
diverse high-yielding peanut cultivars. Based
on the results of previous investigations, this
study hypothesized that the applied seed
treatments would notably improve peanut
growth, positively reflected in yield and quality
traits. Accordingly, the recent investigation was
to study the diverse performance of three
peanut cultivars under different seed
treatments (Rhizobium inoculation, moringa
leaf extract, vitavax, and gypsum) to define
the proper cultivar which achieves high pod,
seed, oil, and protein yields.
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Table 1. Monthly average minimum (Min) and maximum (Max) temperatures, relative humidity (RH),
and total rainfall (Rain) in the 2019 and 2020 growing seasons, as well as, 25-year monthly averages

(1995-2020).

Month Min (° C) Max (° C) RH (%) Rain (mm)
Season 2019
May 15.58 32.73 58.87 0
June 19.03 37.05 47.76 0
July 22.11 40.29 45.52 0
August 22.63 40.25 47.71 0
September 22.44 38.95 54.73 0
Season 2020
May 18.43 36.16 39.79 0
June 19.88 37.87 44.26 0
July 22.89 40.49 43.91 0
August 23.61 40.73 46.22 0
September 21.72 37.03 52.93 0
25-year average (1995-2020)
May 16.98 33.54 42.05 0.33
June 19.70 37.94 39.91 0.11
July 22.21 39.17 41.66 0.11
August 22.82 38.92 45.11 0.11
September 20.87 36.18 49.68 0.05
MATERIALS AND METHODS Plant material and seed treatments
Experimental site and experimental The evaluated peanut cultivars were Giza-6,
design North Carolina (N.C.), and Aramanch, obtained
from the Agricultural Research Center, Egypt.
Two field experiments proceeded at the The peanut seeds underwent separate
Experimental Farm of the Faculty of treatment with Rhizobium inoculation, moringa
Agriculture, Khattara, Egypt ((30°36" N, leaf extract, vitavax (Carboxin 37.5% +

31°46’ E) during two summer seasons of 2019
and 2020. The experimental site was dry, with
no precipitation in the two summer seasons
(Table 1). The soil comprised sandy (i.e.,
93.34% sand, 2.54% silt, and 4.12% clay).
The organic matter and pH were 0.85% and
8.14, respectively. The available nutrients
included 19.7 mg N, 10.4 mg P, and 81 mg K
per kg soil. A split plot design of three
replications took place. The evaluated cultivars
received allocations in the main plots, while
seed treatments took place in subplots. The
sub-plot area measured 9 m? (3mx3m),
having four rows 75 cm apart in width and 3 m
long. Sowing took place on 12 and 19 May in
the first and second seasons, respectively.
Calcium superphosphate (15.5% P,0s5) at a
rate of 450 kg/ha and potassium sulfate (48%
k,O) at 240 kg/ha directly took place after
sowing. Nitrogen fertilizer, in the form of
ammonium sulfate (20.5% N) at a rate of 35
kg/ha, proceeded application at sowing as a
starter N dose for boosting plant growth and
ensuring uniform plant stands. The other
recommended cultural practices for peanut
cultivation, drip irrigation, and weed and insect
control ensued.
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Thiram 37.5%), and gypsum versus untreated
control. Inoculation application wused an
Okadeen bag, with the peanut seeds mixed
well with sugar solution and spread on a plastic
sheet under shading. The treated seed by
vitavax received separate inoculation and was
added alone in a row after sowing. Five
hundred grams of moringa leaves were air
dried in the open air for 10 days, then dried in
an air oven at 45°C for two days until gaining
constant weight. Dried leaves were ground,
sieved, and maintained away from light and
moisture until utilized in the extract
preparation. The 500 g of the leaves powder
were soaked in 1500 ml of the solvent
(Ethanol) for four days and filtered through
Whatman No.1 filter pepper over Anhydride
Sodium Sulphate. The extract proceeded to
evaporation by a rotary = evaporator
(temperature up to 50°C). After extraction,
preparing the stock solution occurred, with a
prepared dilute solution containing a
concentration of 2%. Peanut seeds emerged in
moringa ethanol extract, then sprayed in filter
paper for drying, and seed moisture content
reached 10+2%. The peanut seeds gained
treatment with the recommended dose (2g/kg)
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of the fungicide vitavax. The gypsum
treatment application began at the flowering
stage (around 30 days from sowing) at the
rate of 1200 kg/ha.

Measured traits
Yield traits

At harvest, random picking of a sample of 10
plants occurred from the second ridge to
measure the number of branches per plant,
number of pods per plant, pods weight per
plant, seed weight per plant, number of
seeds/pod, seed index (100-seed weight), and
shelling percentage. The final pod yield (kg/ha)
ensued by harvesting all plants in the third and
fourth ridges. The shelling percentage was
calculated by dividing seed yield by pod yield
as parentage.

Seed oil and protein contents (%)

A sufficient amount of dried peanut seeds
underwent milling to a fine powder. Then,
processing constant samples of dried fine
powder helped determine peanut seeds’ oil and
total nitrogen contents. Seed oil content
determination used the Soxhlet apparatus and
extracted by petroleum ether (60°C-80°C) for
12 h. The total determined nitrogen used the
modified micro Kjeldahl method. Total nitrogen
was multiplied by 6.25 to obtain crude protein
content. Afterward, oil and crude protein
yields/ha calculations by multiplying their
contents by seed yield/ha.

Statistical analysis

The data underwent the analysis of variance of
split-plot design employing R statistical
software version 4.1.1 (R Core Team, 2022)
while separating the differences among
evaluated cultivars and seed treatments using
Tukey’s HSD test (P < 0.05). The heatmap and
hierarchical clustering (Kolde, 2019) explored
the associations among evaluated traits.

RESULTS AND DISCUSSION
Yield attributes

The seed treatments and the interaction
between cultivars and seed treatments
influenced plant height significantly, as
presented in Table 2 and illustrated graphically
in Figure 1. However, nonsignificant differences
showed between the evaluated cultivars for
plant height. The seed treatments of gypsum,
moringa extract, and vitavax exhibited longer
plants versus the other treatments. Such
treatments appeared to stimulate and protect
peanut plants (Table 2). The peanut cultivars,
seed treatments, and their interaction
demonstrated a highly relevant impact on the
number of branches per plant, nhumber of pods
per plant, number of seeds per pod, and 100-
seed weight (Table 2). The cultivars Giza-6
andAramanch produced a higher number of
branches per plant, number of pods per plant,
number of seeds per pod, and 100-seed weight
compared with cultivar N.C., which possessed

Table 2. Influence of different seed treatments on plant height, number of branches per plant, total
dry weight per plant, number of pods per plant, and number of seeds per pod of three peanut

cultivars.

Studied factor Plant height No. of No. of No. of 100-seed
(cm) branches/plant pods/plant seeds/pod weight (g)

Cultivars (C)

Giza-6 78.88 6.27° 50.83° 2.03° 89.78°

N.C. 78.49 5.60° 37.39°¢ 1.92°¢ 87.13°

Aramanch 79.03 6.34° 45.25° 1.98° 86.95°

Seed Treatments (S)

Inoculation 77.55° 6.27° 49.26° 1.97° 93.13°

Gypsum 81.66% 6.30° 48.35° 2.02° 92.66 %

MLE* 81.41° 6.163° 48.23° 2.04° 91.86°

Vitavax 81.14° 5.91 ¢ 40.35°¢ 1.98° 83.24°¢

Control 72.24°¢ 5.27°¢ 35.07¢ 1.86°¢ 78.51¢

ANOVA

Cultivars (C) 0.124 < 0.001 < 0.001 < 0.001 < 0.001

Seed Treatments (S) < 0.001 0.013 < 0.001 < 0.001 < 0.001

CxS < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

*MLE: Moringa seed extract

Means followed by different letters under the cultivars or seed treatments are significantly different by Tukey’s HSD test at

P < 0.05.
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Figure 1. Impact of seed treatments on plant height (A), number of branches per plant (B), number
of pods per plant (C), number of seeds per pod (D), and 100-seed weight (E) of three peanut
cultivars. The bars on the columns represent the HSD (P < 0.05).

the lowest values (Table 2). Concerning the
seed treatments, Rhizobium inoculation,
gypsum, and moringa extract applications
exhibited the highest number of branches per
plant, number of pods per plant, nhumber of
seeds per pod, and seed index (Table 2).
Otherwise, the untreated control mostly
recorded the lowest values.

The results of the impact interaction
between peanut cultivars and seed treatment
indicated that the longest plants resulted for
Aramanch when treated with gypsum, followed
by Giza-6 treated with gypsum (Figure 1).
Contrastingly, the lowest value came out for
the untreated three cultivars. The Aramanch
with  Rhizobium inoculation and gypsum
treatments produced the highest number of
branches per plant, followed by Giza-6 treated
with  Rhizobium inoculation, gypsum, and
moringa extract. Giza-6 treated with moringa
extract, gypsum, and Rhizobium inoculation, as
well as, Aramanch treated with Rhizobium
inoculation possessed the highest number of
pods per plant. Likewise, Giza-6 treated with
Rhizobium inoculation and moringa extract and
Aramanch treated with gypsum exhibited the
highest seed number per pod. Further, Giza-6
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with  moringa extract and  Rhizobium
inoculation treatments gave the heaviest seed
index, followed by N.C. treated with Rhizobium
inoculation and gypsum and Aramanch with

gypsum.

Yield traits

Peanut cultivars, seed treatments, and their
interaction displayed highly significant effects
on the pod yield per plant, seed yield per plant,
biological yield per plant, shelling percentage,
pod vyield per hectare, and seed vyield per
hectare (Table 3). Notably, the cultivars Giza-6
and Aramanch achieved a heavier weight of
pods/plant, seeds weight per plant, biological
yield per plant, shelling percentage, seed yield
per hectare, and pod vyield per hectare
compared with N.C., which recorded the
lightest values. The results indicate that peanut
cultivars varied in their yield potential mainly
due to the genetic impact. These results
showed similarity to the patterns of the
number of branches per plant, humber of pods
per plant, number of seeds per pod, and 100-
seed weight (Table 3).
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Table 3. Influence of different seed treatments on 100- seed weight, the weight of pods per plant, the
weight of seed per plant, shelling percentage, pod yield, and seed yield of three peanut cultivars.

. Pod yield Seed yield Biological yield S Pod yield Seed yield
Studied factor (g/plant) (g/plant) g/plant Shelling % (kg/ha) (kg/ha)
Cultivars (C)

Giza-6 83.55° 46.71°2 315.0° 62.13° 5372° 3322°
N.C. 61.97°¢ 37.80°¢ 240.1° 50.70°¢ 3796 °¢ 2028°¢
Aramanch 78.31° 40.24° 251.3° 57.43° 4616° 2687 "
Seed Treatments

(S)

Inoculation 72.84¢ 44.41° 274.8°¢ 60.28 @ 4695 ¢ 29442
Gypsum 81.82° 46.99 ° 282.5° 58.84° 4944° 2858 b
MLE* 83.09° 46.25° 293.6° 60.71° 5107° 2826 "
Vitavax 77.13°¢ 38.60 © 257.7¢ 58.24 ° 43901 2570 ©
Control 55.65°¢ 31.68 ¢ 236.1° 45.70°¢ 3838°¢ 2198 ¢
ANOVA

Cultivars (C) < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Seed Treatments < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
(S)

CxS < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

*MLE: Moringa seed extract

Means followed by different letters under the cultivars or seed treatments are significantly different by Tukey’s HSD test at
P < 0.05.
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Figure 2. Impact of seed treatments on pods yield per plant (A), seed yield per plant (B), biological
yield per plant (C), shelling percentage (D), pod yield per hectare (E), and seed yield per hectare (F)
of three peanut cultivars. The bars on the columns represent the HSD (P < 0.05).

1176



SABRAO J. Breed. Genet.54 (5) 1171-1182. http://doi.org/10.54910/sabrao2022.54.5.18

Respecting the influence of seed
treatments on pod yield per plant, moringa
extract, followed by gypsum and vitavax,
possessed the heaviest pod yield per plant
(Table 3). Likewise, the highest weight of
seeds per plant resulted from gypsum and
moringa extract, followed by Rhizobium
inoculation. Furthermore, moringa extract
possessed the highest dry weight per plant,
followed by gypsum. The highest shelling
percentage of peanut occurred from Rhizobium
inoculation and moringa extract, followed by
gypsum and vitavax. Moringa extract, followed
by gypsum and Rhizobium inoculation, showed
the uppermost pod vyield. The highest seed
yield resulted using Rhizobium inoculation,
followed by gypsum and moringa extract
applications (Table 3). Results of the
interaction effect between peanut cultivars and
seed treatment indicated the superiority of
Giza-6 treated with Rhizobium inoculation,
gypsum, and moringa extract, followed by
Aramanch treated with gypsum and moringa
extract, in producing pod yield per plant
(Figure 2). Inversely, the lowest value came
from the untreated three -cultivars. Giza-6
treated with gypsum, Rhizobium inoculation,
and moringa extract displayed the highest seed
yield per plant. Additionally, Giza-6 treated
with Rhizobium inoculation, gypsum, and
moringa extract, as well as, Aramanch treated
with moringa extract, provided the highest
biological yield per plant.

Quality traits

The assessed peanut cultivars, seed
treatments, and their interaction demonstrated
a highly notable influence on crude protein
content, crude protein yield, oil content, and oil
yield (Table 4). Giza-6 and N.C. recorded the
highest crude protein content, while Giza-6 and
Aramanch produced the highest crude protein
yield, oil content, and oil yield (Table 4).
Concerning the influence of seed treatments,
Rhizobium inoculation, gypsum, and moringa
extract displayed the highest crude protein
content, crude protein yield, oil content, and oil
yield. The interaction between peanut cultivars
and seed treatments indicates the superiority
of Giza-6 and N.C. treated by most applications
in crude protein content (Figure 3). Similarly,
Giza-6 treated with the most applications
displayed the highest crude protein yield. N.C.
treated with moringa extract recorded the
highest oil content. The highest oil yield came
from Giza-6 treated with Rhizobium
inoculation, gypsum, and moringa extract.

The evaluated peanut  cultivars
exhibited highly significant differences in yield
and quality traits. These findings indicated the
existence of genetic variability in the assessed
cultivars, which need exploiting for developing
high-yielding genotypes (Igartua et al., 2015;
Salem et al., 2020; Kamara et al., 2021b;
ElIShamey et al., 2022a). Similarly, Puangbut
et al. (2009), Dang et al. (2013), El-Far et al.

Table 4. Influence of different seed treatments on crude protein content, crude protein yield, oil

content, and oil yield of three peanut cultivars.

Studied factor

Crude protein Crude protein yield

Oil content (%) Oil yield (kg/ha)

content (%) (kg/ha)
Cultivars (C)
Giza-6 25.21° 843.3° 33.71°¢ 1147°
N.C. 25.78° 535.7°¢ 34.64° 706.5°¢
Aramanch 23.89° 638.1° 35.42° 944.7°
Seed Treatments (S)
Inoculation 24.65° 726.4° 34.97° 1028.1°
Gypsum 26.99° 767.8° 35.69° 1024.2°
MLE* 26.78° 739.32 34.05° 946.9°
Vitavax 24.05° 623.3° 36.32° 928.7°
Control 22.32°¢ 505.2°¢ 31.91°¢ 735.1°¢
ANOVA
Cultivars (C) < 0.001 < 0.001 < 0.001 < 0.001
Seed Treatments (S) < 0.001 < 0.001 < 0.001 < 0.001
CxS < 0.001 < 0.001 < 0.001 < 0.001

*MLE: Moringa seed extract

Means followed by different letters under the cultivars or seed treatments are significantly different by Tukey’s HSD test at

P < 0.05.
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Figure 3. Impact of seed treatments on crude protein content (A), crude protein yield (B), oil content
(C), and oil yield (D), of three peanut cultivars. The bars on the columns represent the HSD (P <

0.05).

(2016), Ajay et al. (2020), Patel et al. (2021),

and Wang et al. (2022) demonstrated
significant differences among peanut
genotypes. The applied treatments, Rhizobium
inoculation, gypsum, moringa extract, and
vitavax, considerably helped enhance all
evaluated agronomic and quality traits
compared with the wuntreated control.
Rhizobium  inoculation exhibited positive

influences on yield attributes. In this respect,
Radwan (2017) depicted that inoculation fixes
atmospheric nitrogen, solubilizes phosphate,
synthesizes growth-promoting substances, and
boosts the decomposition of plant residues
Accordingly, Rhizobium inoculation improves
soil fertility, which aids plant growth and
productivity, particularly in low-fertility soils in
arid regions. Gypsum displayed boosting
influence on the yield and quality traits of
peanuts. In this context, Gashti et al. (2012)
elucidated that gypsum has a high solubility in
the soil and causes easy release and
availability of calcium content. Moreover,
Kadirimangalam et al. (2022) deduced that
gypsum positively impacts the absorption of

various nutrients, such as, sulfur and
phosphorus, which possess vital roles in
peanut growth and seed vyield. Besides,

gypsum plays a crucial role in seed setting,
fertility of peanuts, and increasing seed size,
which reflects its impact on yield traits (Arnold
et al., 2017; Hendrix et al.,, 2020;
Laxmanarayanan et al., 2020). Thus, it was
one of the best treatments for enhancing vyield
attributes. Peanut is a sensitive crop of fungi
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causing pre- and postemergence damping-off
(Mahmoud et al., 2013). Therefore, the seeds
are treated with chemical fungicides to avoid
stand losses in commercial peanut production.
In this connection, Ruark and Shew (2010),
Hassuba et al. (2016), and El-Bably et al.
(2018) demonstrated the ability of the vitavax
to enhance emergence and seedling survival
compared with untreated seed. Moringa extract
contains various nutrients, antioxidants, and
phytohormones (Nasir et al., 2016).
Furthermore, the seed treatment moringa
extract could serve as a potential alternative to
fungicides (EI-Mohamedy and Abdalla, 2014).
Consequently, moringa extract confirmed a
positive impact on yields and quality traits of
peanuts.

Interrelationship among the evaluated
treatments and traits

Understanding the interrelationship between
the assessed treatments and traits is a vital
aspect that can provide valuable information
(Kamara et al., 2021c; ElShamey et al.,
2022b; Omar et al., 2022; Boudiar et al.,
2022). The heatmap is an appropriate
statistical procedure to study the association
among investigated treatments and traits.
Employing the heatmap explored the
interrelationship among studied treatments
and traits in various published reports
(Mansour et al., 2020; Moustafa et al., 2021;
Mannan et al., 2022). In the latest study, the
heatmap and hierarchical clustering based on
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peanut cultivars and seed

treatments into different clusters based on agronomic and quality traits. Blue and red colors indicate
high and low values for the corresponding traits, respectively.

the studied agronomic and quality traits
divided the assessed cultivars and seed
treatments into different clusters (Figure 4).
Giza-6 treated with moringa extract,
Rhizobium inoculation, and gypsum possessed
the highest values for most evaluated traits
(depicted in blue). On the contrary, untreated
control in the three cultivars had the lowest
values (depicted in red).

CONCLUSIONS

The evaluated peanut
significant differences in vyield and quality
traits. It reveals the existence of genetic
variability in the evaluated cultivars, which
needs exploiting for developing high-yielding
genotypes. Giza-6 and Aramanch proved
superior cultivars and exhibited the highest
values of studied yield and quality traits. The
assessed seed treatments substantially
enhanced peanut yield traits, oil, and protein
content of peanuts showing the superiority of
Rhizobium inoculation, gypsum, and moringa
extract.

cultivars displayed
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