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ABSTRACT

The current work was carried out during the two growing seasons of 2016/2017 and 2017/2018 at the Ex-
perimental Station of the Environmental Studies and Research Institute, University of Sadat City, Sadat City,
Menofia Governorate, Egypt. It aimed to investigate the effect of applying potassium fertilizer at 90, 140 and
190 kg K, O/ha combined with spraying applications of seaweed extract for four times in a 15-day interval
starting at 40 days after sowing at rates of 0.0, 1.5 and 3.0 ml/L on the yield, mineral contents and nutritional
quality of quinoa grains cv. CICA. A split-plot design was used in three replicates. Results reported that by
increasing the application of potassium from 90 to 190 kg K ,O/ha, gradual increases in all studied parameters
of quinoa grains occurred in the seasons of 2016-2017 and 2017-2018, except for class B grain, Mg and fiber
contents. Potassium application at 190 kg K O/ha gave the highest significant values of all determined pa-
rameters in comparison with treatment of 90 kg K O/ha. In most cases, insignificant differences were detected
between potassium fertilizer levels of 140 and 190 kg K,O/ha. Spraying seaweed extract at 3.0 ml/L resulted in
superiority of all studied characters except class B grain, Mg and fiber contents, followed by 1.5 ml/L treatment
with insignificant differences between them in most cases. There were significant differences among spray-
ing seaweed treatments on Ca, Fe, Mn, protein and fiber contents in both seasons, N, P and K during the first
season, and grain yield/plant, total grain yield/ha and Zn content during the second season. The interaction
between potassium fertilization levels and spraying applications of seaweed extract had significantly different
effects on all studied characters during both seasons, except for Mg percentage. It is evident that the application
of potassium fertilization at 140 or 190 kg K O/ha combined with the spraying of seaweed extract at 3.0 ml/L
caused an apparent enhancement of the yield, mineral contents and nutritional quality of quinoa grains during
the two experimental seasons.

Keywords: Chenopodium quinoa, grain yield, weight of 1000-grain, grain size, grain mineral contents, grain
nutritional profiles.

INTRODUCTION

Climate change, water scarcity and the rapid
growth population rate are the main constraints
for the agricultural sector expansion in Egypt for
producing more and safe food to meet the cur-
rent and future food demand. Therefore, introduc-
ing new non-traditional crops that are promising,

climate-proof, multi-purpose, and tolerant to var-
ious stressful conditions is the best strategy for
overcoming such constraints (Eisa et al., 2017;
Jaikishun et al., 2019). Quinoa (Chenopodium
quinoa Willd.) belongs to the amaranth fam-
ily. It is among the oldest pseudo-cereal crops
worldwide, and it was sown as a staple food crop
about 5000—7000 years ago for the Andes people
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of South America (Fuentes et al., 2012). Quinoa
has been revived as a new, promising, non-tra-
ditional, climate-proof and multi-purpose crop.
It has gained considerable worldwide attention
as one of the most important crops destined for
future global nutritional security for the world’s
increasing population, owing to its excellent nu-
tritional values and exceptional tolerance to vari-
ous harsh environmental conditions (FAO, 2013).
Hence, quinoa was introduced to several coun-
tries around the world as a new crop. Recently,
it has been cultivated outside the Andean regions
in more than 120 countries around the world
(Alandia et al., 2020). Several studies have been
conducted on quinoa, aiming to integrate it into
the Egyptian cropping pattern. Quinoa appeared
to be an ideal, suitable, and promising new crop to
be cultivated under newly reclaimed Egyptian soil
conditions. However, it has not received adequate
attention for its importance and unbelievable nu-
tritional values, whereas public awareness of its
value and potential does not yet exist (Shams,
2011; Eisa et al., 2017; Zohry, 2020; Gonzalez et
al., 2021). Quinoa has enormous potential; it is not
only a gluten-free grain crop (Pereira et al., 2018;
Villacrés et al., 2022), but it can also be used as
a leafy greens crop (Abd El-Samad et al., 2018a;
Pathan and Siddiqui, 2022), a fodder crop (Asher
etal., 2020; Yilmaz et al., 2021) and in the food in-
dustry (Wang and Zhu 2016; Soliman et al., 2019).

Potassium (K¥) is an essential nutrient re-
quired by the plant for optimal growth, yield and
quality, it is frequently referred to as a nutrient
responsible for quality (Marschner, 1995). Po-
tassium is one of the most abundant cations in
plants, but it is not a constituent of any plant com-
pounds, cellular organelles or structures, it con-
stitutes 0.4—4.3% in the dry matter (Askegaard et
al., 2004). It is associated directly with many im-
portant regulatory, biochemical and physiological
processes supporting plant growth and develop-
ment, including activating over 80 enzymes; reg-
ulating cellular osmotic water potential; regulat-
ing plant stomata and water use; photosynthesis;
it also contributes to translocation of sugars and
assimilates; formation of carbohydrates; protein
metabolism and ameliorating plant tolerance to
biotic and abiotic stressful conditions. In addi-
tion, it is needed for many other processes that
sustain plant growth and reproduction (Kafkafi
et al., 2002; Arif et al., 2008; Wang et al., 2013;
Zorb et al., 2014).
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Optimizing K requirements in order to im-
prove plant growth yield and quality, particularly
in newly reclaimed areas, is highly recommended
(Zorb et al., 2014). Little information about the
effects of potassium on quinoa grain yield has
been published. In this context, the yield and
quality of quinoa grains were significantly en-
hanced when potassium fertilizer was increased
up to 120 kg/ha, but the application of 180 kg/
ha caused a slight decrease (Salim et al., 2019).
The same findings were reported by Akhtar et al.
(2003) on peas, who reported that the best values
of yield and quality traits were attained when po-
tassium fertilizer was applied at 100 kg K O/ha,
but above this rate further application of potas-
sium was ineffective. Moreover, Petropoulos et
al. (2022) showed that using 100 or 75% of the
recommended potassium fertilizer dose record-
ed the best values for yield, quality parameters
and chemical compositions of globe artichokes,
without significant differences between them.
However, Minh et al. (2022) showed that the op-
timum rate of potassium for quinoa grain yield
was found to be 105 kg K O/ha which resulted in
higher protein and fat contents but lower starch
and fiber contents in grains. Furthermore, Kubar
et al. (2019) found that application of potassium
at 100 kg K,O/ha markedly increased the yield
attributes as well as N, P and K contents in wheat
grains. According to Hefny (2021), increasing the
potassium fertilizer application from 0 to 175 kg
K,O/ha, resulted in significant differences in the
number of grains/spike, 1000-grain weight, and
grain yield of durum wheat. Dar et al. (2021) re-
vealed that application of potassium with 150 kg
K,O/ha to sunflower plants grown under drought
stress improved yield and quality attributes. They
also added that it has been found to be effective in
alleviating the influence of drought stress on sun-
flower plants. In addition, improving the yield and
chemical quality properties of dry beans could be
achieved by applying potassium at 180 kg K,O/
ha (Abd El-Samad et al., 2018b). Seed yield and
seed protein content of chickpea crops were im-
proved by applying potash at 150 kg K,O/ha, as
reported by Asghar et al. (2007).

According to du Jardin (2015), plant growth
stimulants are defined as any substance or micro-
organism applied to stimulate plant growth, yield,
enhance nutrient availability and uptake, alleviate
stress conditions and promote several biochemical
and metabolic pathways in plant cells. It could be
classified into two categories depending on their
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origin; natural (plant growth-promoting rhizo-
bacteria, effective micro-organisms, chitosan and
seaweed extracts) and synthetic (inorganic salts,
plant growth regulators, antioxidants and pheno-
lic compounds). Biologically, marine macroalgae
could be classified into three sub-classes based on
their dominant pigmentation; brown (Phaeophy-
ta), red (Rhodophyta), and green algae (Chlo-
rophyta) as mentioned by Khan et al. (2009).

Seaweed extracts are considered a natural
and organic plant growth stimulant that promotes
growth, yield and quality when applied in low
quantities. Therefore, it has gained great impor-
tance and is widely used as an eco-friendly agro-
nomic practice to achieve sustainable agricultural
production for food safety and security (Craigie,
2011). Their stimulatory effect may be related
to the existence of various useful bioactive sub-
stances, i.e., natural phytohormones, vitamins,
polyphenols, polyamines, alginates, micro- and
macronutrients and poly- and oligosaccharides
(Khan et al., 2009; Stirk et al., 2014; Shukla et al.,
2018). Such bioactive substances play a critical
role in stimulating plant growth, delaying plant
senescence, maximizing crop yield and quality,
improving nutrient uptake and mitigating biotic
and abiotic stresses. Therefore, the application of
seaweed extract is widely used as a plant stimu-
lator in the production of many crops (Battacha-
ryya et al., 2015; Kocira et al., 2018; Bulgari et
al., 2019; Mukherjee and Patel, 2020).

Quinoa plants positively responded to sea-
weed extract applied at 1 kg/ha, where it recorded
superiority of 1000-grain weight and grain yield
as compared to control treatment (Hasan et al.,
2021). Moreover, Sriyuni et al. (2020) reported
that using seaweed extract combined with amino
acids is recommended to improve the growth and
yield of rice. Rathore et al. (2009) reported that
spraying application of seaweed extract at 15%
significantly increased grain yield and nutri-
ent uptake of soybean plants grown under rain-
fed conditions. Furthermore, Vasantharaja et al.
(2019) revealed that spraying of seaweed extract
at 3% enhanced the phytochemical contents, an-
tioxidant activity and nutritional quality of cow-
pea seeds relative to control treatment. Ziaei and
Pazoki (2022) revealed that spraying seaweed at
4 L/ha improved grain yield, protein content and
TSS percentage, but did not affect the fatty acid
content in grains of common bean cultivars. They
also added that application of seaweed extract al-
leviates drought stress, which in turn improves

crop yield. Petropoulos et al. (2022) indicated that
spraying application of seaweed at 3 g/L showed
a positive effect on yield, quality parameters and
chemical compositions of globe artichoke plants.

The objective of this study was to evaluate the
potential effects of applying mineral potassium
fertilizer at 90, 140 and 190 kg K O/ha combined
with spraying applications of seaweed extract at
0.0, 1.5 and 3.0 ml/L on the yield, mineral contents
and nutritional quality of quinoa grains, cv. CICA.

MATERIALS AND METHODS

Plant material

The current study was carried out at the Ex-
perimental Station of the Environmental Studies
and Research Institute, University of Sadat City,
Sadat City, Menofia Governorate, Egypt (Lati-
tude 30° 40’ 63” N; Longitude 30° 56’ 24” E; El-
evation 36.2 m asl), during the growing seasons
of 2016/2017 and 2017/2018 aiming to evaluate
the potential effects of applying mineral potassi-
um fertilizer at 90, 140 and 190 kg K, O/ha com-
bined with spraying applications of seaweed ex-
tract at 0.0, 1.5 and 3.0 ml/L on the yield, mineral
contents and nutritional quality of quinoa grains
cv. CICA. Grains of quinoa cultivar CICA were
kindly obtained from the Faculty of Agriculture,
Ain Shams University. The grains were surface
sterilized before sowing to prevent any possible
infection of seed-borne fungi. Sterilized quinoa
grains were sown on October 10" in the two
growing seasons of 2016/2017 and 2017/2018,
in hills with a 15 cm distance among hills with
a seeding rate of 5-8 seeds per hill at 2 cm depth
on both sides of drip-irrigated ridges. Then, the
germinated grains were thinned to 2 seedlings per
hill after 3 weeks from the sowing date. The ag-
ricultural management practices for quinoa grain
production were followed.

Experimental soil analysis

At the beginning of the experiment, three soil
samples from the top layer (0 - 30 cm) were ran-
domly collected from the experimental site. Then,
the samples were subjected to classifying soil
texture through particle size distribution analysis
and determining some soil chemical character-
istics according to the procedures described by
Tandon (2000). The average of the particle size
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Table 1. The particle size distribution and some chemical characteristics of the experimental soil

The particle size distribution and soil texture
Sand (%) Silt (%) Clay (%) Texture
75.33 6.40 18.27 Sandy loam
Chemical characteristics
ECe 0 CaCo, Soluble cations (meq L") Soluble anions (meq L)
(ds m?) PH | OMB) | gy Ca* Mg* Na* K SO, | €O, | HCO, cl
1.68 7.40 0.35 16.90 3.60 3.70 14.40 0.41 0.61 0.0 3.80 6.40

distribution and some chemical characteristics of
the soil samples are shown in Table 1.

Preparation of experimental site

The soil was prepared by plowing in two per-
pendicular directions and all plots of the experi-
ment were supplied with compost at 20 tons/ha
as organic manure, phosphorus fertilizer at 90
kg P,O/ha as calcium superphosphate (15.5%
P,O,) and agricultural sulfur at 180 kg/ha. Com-
post, phosphorus and sulfur were added once
and mixed with the experimental soil before the
construction of ridges. Nitrogen was used as am-
monium sulfate (20.6% N) at 215 kg N/ha. The
nitrogen units were divided into 8 portions, added
after 10 days from the seeding date (first portion)
and the remaining portions were subsequently
applied at a rate of one portion every 7 days un-
til grain setting. Nitrogen fertilizer was applied
through injection in a drip irrigation system as a
fertigation application.

Experimental design

The experiment was set up as a split-plot de-
sign in three replicates. Potassium application
treatments (90, 140 and 190 kg K O/ha) were
randomly arranged within the main plots, while
the spraying application treatments of seaweed
extract (0.0, 1.5 and 3.0 ml/L) were randomly
organized within the sub-plots. The experimental
sub-plot contained 5 ridges of drip-irrigated with
5 m length and 80 cm width, with a net area of 20
m?. Furthermore, each experimental main or sub-
plot was surrounded by a guard border of 1.0 m
width from all sides to avoid overlapping among
the treatments of potassium fertilization.

Experimental treatments

The calculated amounts of the three potas-
sium levels, 90, 140 and 190 kg K,O/ha, from a
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fully water soluble grade of potassium sulfate fer-
tilizer (SoluPotasse® 0.0-50% K O and 18% S,
Tessenderlo Kerley International Co., Brussels,
Belgium;  https://www.tessenderlokerley.com)
were divided into 5 doses. The first dose, equal
to 10% of the calculated potassium amounts, was
added 40 days after sowing date through injection
in a drip irrigation system as a fertigation appli-
cation (potassium fertilizer solution was injected
into the drip irrigation system before the end of ir-
rigation time by 15-20 min). In turn, the remain-
ing amount of calculated potassium was divided
into 4 equal doses, each dose representing 22.5%,
the second, third, fourth and fifth doses were add-
ed in a 10-day interval, after 50, 60, 70 and 80
days from sowing date, respectively.

Concerning foliar spraying treatments of
seaweed extract, SEAGREEN®, a commercial
seaweed extract was used. It is a mixture of two
seaweeds, namely; Ulva sp and Ascophyllum
sp. that contains 4% nitrogen, 6% phosphor, 6%
potassium, 1.10% calcium, 0.95% magnesium,
0.078% iron, 0.18% zinc, 0.057% manganese,
0.17% copper and 15% potassium alginate (Agro
Chemicals Lafortaleza Yesosy Escatolas, Ctra
Pique, Spain, imported and distributed by El
Masria Co. for Fertilizers and Trade, El-Noubaria
region, Beheira Governorate, Egypt; http:/www.
masriafert.com). Foliar spraying of seaweed ex-
tract was applied four times in a 15-day interval
during the growing period of quinoa plants, start-
ing at 40 days after sowing date and then at 55,
70 and 85 days, respectively, at 1.5 and 3.0 ml/L
plus tap water served as a control treatment (0.0
ml/L). The spraying solution of seaweed extract
was freshly prepared upon application and a few
drops of surfactant agent (Tween-20) were added
to the spraying solution to ensure and improve
spreading on the plant’s foliage. Spraying solu-
tion was applied in an adequate amount to com-
pletely cover the quinoa plant foliage until it be-
gan to drip. All sprays were carried out at 9:30
a.m. using a hand pressure sprayer.
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Data recorded

Harvesting of quinoa grain samples

At the harvesting stage, after 135 days
from sowing date, a representative sample of
12 plants (group A plants), in addition to the
plant samples from four square meters from the
middle of each experimental sub-plot (group
B plants), were randomly taken by cutting at
ground level. Then, all plant samples were lift-
ed and allowed to air dry for at least 7 days. Af-
terwards, each dried plant sample was threshed
by hand to obtain the grains from the dried pan-
icles per plant (group A plants) or from all plant
samples per each experimental sub-plot (group
B plants). Moreover, the grains were winnowed
manually to clean and remove any foreign ma-
terials and broken or immature grains.

The cleaned grains of group A plants were
used to determine parameters of grain yield/
plant (g), total grain yield/hectare (kg) and
1000-grain weight (g). In contrast, the cleaned
grains of group B plants were used to determine
the grain size (mm) parameter. Thereafter, the
cleaned grains of group B plants were dried in
an electrical oven at 65°C for 48 hours. The
dried grain samples were ground to a fine pow-
der in a high-speed stainless steel mill and then
subjected to various analyses of mineral con-
tents and nutritional quality.

Grain yield

The grain yield/plant in each experimen-
tal sub-plot was determined by weighting the
manually extracted and cleaned grains from
each individual plant of group A plants using
a 3-decimal digit electronic balance to obtain
the average grain yield/plant in grams. Mean-
while, the total grain yield/hectare (kg) was
calculated by multiplying the average grain
yield per plant (g) by the average number of
plants per hectare (a plant density of about
345 thousand plants per hectare).

Weight of 1000-grain

The weight of 1000-grain in grams was deter-
mined 3 times for each experimental sub-plot by
counting 1000 grains from the previously manu-
ally extracted and cleaned grains from each indi-
vidual plant in group A plants and then weighting
them using a 3-decimal digit electronic balance to
obtain the average weight of 1000-grains.

Percentage of grain size

The percentage of quinoa grain size was
determined by passing 100 g of the previously
manually extracted and cleaned grains from
group B plants through sieves with different
meshes for sizing quinoa grains by diameter
into two classes; class A grain (large grain,
equal to or larger than 2.0 mm) and class B
grain (medium grain, less than 2.0 mm) us-
ing a RETSCH Vibratory Sieve Shaker device
model AS-200 Basic. Grain sieving separation
was performed 3 times for each experimen-
tal sub-plot and for 3 minutes of vibration in
each time. The average weight of each grain
size separated by sieves was recorded and ex-
pressed as a percentage.

Determination of grain mineral contents

From the fine powdered dried grain sam-
ples mentioned above, 0.2 g was used for wet
digestion as described by Wolf (1982). On a
dry weight basis, the grain mineral contents
were determined in acid digested solutions.
Nitrogen was assayed using the Kjeldahl
method. In addition, phosphorus was analyzed
using the modified colorimetric method using
a spectrophotometrical method following the
procedures of Cottenie et al. (1982). Potassium
and calcium were determined using the flame
photometer method. Furthermore, Mg, Fe, Zn
and Mn were analyzed using atomic absorp-
tion spectroscopy according to the procedures
of Chapman and Pratt (1982).

Nutritional quality of quinoa grains

Percentages of crude protein, crude fat
and crude fiber

The crude protein percentage was calcu-
lated by multiplying the percentage of total
nitrogen content in grain by a conversion fac-
tor of 6.25. In turn, the crude fiber percent-
age was determined in 1 g of powdered dried
grain samples placed in an ANKOM fiber filter
bag using the ANKOM Fiber Analyzer device
model A-200. Moreover, crude fat percentage
was determined in 5 g of powdered dried grain
samples, placed in a VELP cellulose thimble,
using a VELP solvent extractor device model
SER 148/3 for a solvent extraction period of
120 minutes with petroleum ether (40-60°C
boiling range).
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Percentages of ash, dry matter and total
carbohydrates

The ash and dry matter percentages were de-
termined according to AOAC (2016). Ash per-
centage was carried out by burning 5 g of pow-
dered dried grain samples in a muffle furnace at
525+25°C for 12 hrs. In order to determine the dry
matter percentage, a constant weight of powdered
dried grain samples was oven dried again, but at
105°C for 24 hrs. The differences between the
weights before and after oven drying again were
expressed as a dry matter percentage. In turn, the
total carbohydrate content was calculated by dif-
ference using the equation described by Alonso-
Miravalles and O’Mahony (2018) as follows:

Percentage of carbohydrates = 100 — (Protein
+ Fiber + Fat + Ash + Moisture content)

Statistical analysis

The data were subjected to a statistical anal-
ysis of variance procedure of two-way ANOVA
using SPSS computer software (SPSS Inc., re-
leased 2009, Ver. 18.0 for Windows, Chicago,
Illinois, USA). Duncan’s multiple range test
(DMRT) was used to separate the significant

differences among treatment means at the 5%
level of significance according to the methods of
Gomez and Gomez (1984).

RESULTS

Grain yield

Grain yield/plant and total grain yield/ha of
quinoa plants positively responded to potassium
application during both seasons. Increasing the po-
tassium level from 90 to 190 kg K O/ha had signif-
icant increases in grain yield/plant and total grain
yield/ha. With potassium application at 190 kg
K,O/ha, the highest values of grain yield/plant and
total grain yield/hectare were obtained. In contrast,
the lowest values were found with potassium ap-
plication level of 90 kg K O/ha in the two seasons
0f2016/2017 and 2017/2018. Furthermore, results
indicated that insignificant differences were ob-
served between potassium applications at 140 and
190 kg K,O/ha on both characters during the two
experimental seasons (Table 2).

Concerning exogenous application of sea-
weed extract, foliar applications of seaweed at 1.5
and 3.0 ml/L significantly increased grain yield/
plant and total grain yield/ha of quinoa plants over

Table 2. The effect of different potassium fertilization levels as well as foliar spraying of seaweed extract (SW) at
different rates and their interaction on quinoa grain yield attributes during the seasons of 2016/2017 and 2017/2018

Grain yield/plant Total grain yield Weight of 1000-grains
Treatments 1 (9) o = (kg-ha™) o = (9) o
season season season season season season
90 kg K.O/ha 7.18b 7.08b 247710b | 244260 b 3.90b 3350
140 kg K,O/ha 8.48 a 8.06 a 202560a | 278070 a 440 b 406a
190 kg K,O/ha 883a 829a 304635a | 2860.05a 493a 439a
LSD at 5% level 0.839 0.428 269.74 177.61 0514 0.421
Control 6.62 B 6.45C 208390 B | 2225.25C 3.88 B 3138
1.5 mi/LSW 8.75A 8338 3018.75A | 2873.85B 452A 421A
3.0 mILSW 9.09A 8.66 A 3136.05A | 2987.70A 4.84A 455A
LSD at 5% level 0.408 0.260 133.66 97.03 0.615 0.791
Control 5.56 ¢ 570 e 1918206 | 1966.50 3.37b 242b
é%l/(r?a 1.5 mi/LSW 7.60 723 ¢ 2622.00c | 249435¢ 4.06b 3.61 ab
3.0 mILSW 837b 830 b 2887.65b | 2863.50b 4.28 ab 4.02 ab
Control 6.64 d 6.47 d 220080d | 2232.15d 393b 3.17 ab
:(:‘8 <9 [15miLsw 9.15a 8.68 ab 3156.75a | 299460ab | 4.52ab 441a
3.0 mi/L SW 956 a 9.04a 320820a | 311880 a 4.76 ab 486a
Control 767 ¢ 718 ¢ 264615¢c | 2477.10¢ 434 ab 3.80 ab
:58 /'r‘]g 1.5 miiL SW 9.50 a 9.07 a 327750a | 3129.15a 4.98 ab 462 a
3.0 mi/L SW 933 a 8.63 b 321885a | 2977.35b 547 a 476 a
LSD at 5% level 0.674 0.429 188.90 147.85 1306 1774

Note: Means followed by the same letter within each column are not significantly different at P < 0.05 according

to Duncan’s multiple range test.
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control treatment during both seasons (Table 2).
There were significant differences among foliar
spraying treatments of seaweed extract on grain
yield/plant and total grain yield/ha in the second
season. In turn, in the first season, insignificant
differences were found between treatments of 1.5
and 3.0 ml/L on the aforementioned parameters.

Regarding the interaction between potas-
sium fertilizer levels and spraying applications
of seaweed, significant differences were detected
on grain yield/plant and total grain yield/ha dur-
ing both seasons. It was noticed that the quinoa
plants fertilized with potassium at 140 kg K O/
ha and applied seaweed extract at 3.0 ml/Las well
as those fertilized with 190 kg K O/ha and foliar
application seaweed at 1.5 ml/L, recorded the su-
periority of grain yield/plant and total grain yield/
ha. In contrast, the quinoa plants treated with 90
kg K,O/ha and sprayed application seaweed ex-
tract at 0.0 ml/L (control) recorded the lowest
significant values of the above mentioned param-
eters during both seasons.

Weight of 1000-grain

The application of potassium fertilizer had
a positive effect on the weight of 1000-grains,
increasing the potassium application from 90 to
190 kg K, O/ha, resulted in significant increases
in 1000-grain weights during the first and second
seasons, from 3.90 to 4.93 g and 3.35 to 4.39 g,
respectively. During the first season, insignificant
differences were detected between both potassium
applications at 90 and 140 kg K O/ha. Moreover,
insignificant differences were found between both
potassium treatments of 140 and 190 kg K ,O/ha
in the second season.

Increasing seaweed extract foliar applica-
tion up to 3.0 ml/L caused an improvement in the
weight of 1000-grain trait. Foliar application of
seaweed at 3.0 ml/Lled to the highest value of the
weight of 1000-grains, followed insignificantly
by 1.5 ml/Land significantly by control treatment
(0.0 ml/L), which gave the lowest values for this
trait during the two experimental seasons.

As for interaction between potassium fertil-
ization and spraying applications of seaweed ex-
tract, an almost insignificant difference effect was
found on the 1000-grain weight character among
treatments during both seasons of the study. Gen-
erally, it could be pointed out that the highest val-
ue of 1000-grain weight was recorded when qui-
noa plants received potassium fertilizer at 140 or

190 kg K,O/ha combined with sprayed seaweed
at 3.0 ml/L. In contrast, when quinoa plants were
fertilized with potassium at 90 kg K O/ha com-
bined with sprayed of seaweed extract at 0.0 ml/L
(control treatment), the lowest value was attained
in both experimental seasons (Table 2).

Percentage of grain size

The data presented in Table 3 clearly showed
that potassium fertilizer application led to a sig-
nificant increment in the percentage of class A
grain (large grains, equal to or larger than 2.0
mm) as well as a significant decrement in the per-
centage of class B grain (medium grains, less than
2.0 mm) during both seasons of the study. The
potassium application at 190 kg K O/ha gave the
highest significant values of class A grain (38.41
and 38.70%) as well as the lowest significant val-
ues of class B grain (61.59 and 61.30%). In con-
trast, the potassium application at 90 kg K ,O/ha
gave the lowest significant values of class A grain
(31.78 and 29.89%) and the highest significant
values of class B grain (68.22 and 70.11%) in the
first and second seasons, respectively. Significant
differences were detected among potassium fer-
tilizer treatments in the second season. Further-
more, in the first season, significant differences
were noticed only between potassium treatments
of 190 and 90 kg K,O/ha.

The same trends were obtained with the effect
of seaweed extract foliar spraying on the percent-
age of quinoa grain size during both experimental
seasons. Foliar spraying of seaweed at 3.0 ml/L
recorded the highest significant values of class A
grain (39.38 and 39.56%) and the lowest signifi-
cant values of class B grain (60.62 and 60.44%).
In contrast, the control treatment (0.0 ml/L) gave
the lowest significant values of class A grain
(31.37 and 29.17%) and the highest significant
values of class B grain (68.63 and 70.83%) in
the first and second seasons, respectively. During
both seasons of the study, there were no signifi-
cant differences observed between foliar spraying
seaweed at 1.5 and 3.0 ml/L.

Regarding the interaction effect between po-
tassium fertilization and seaweed extract foliar
spraying, there was a significant difference on the
percentage of quinoa grain size during both sea-
sons (Table 3). It is noticed that the quinoa plants
that were supplied with potassium at 190 kg K, O/
ha combined with sprayed application of seaweed
at 3.0 ml/L had the highest significant values of
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Table 3. The effect of different potassium fertilization levels as well as foliar spraying with seaweed extract (SW)
at different rates and their interaction on the percentage of quinoa grain size during the seasons of 2016/2017 and

2017/2018
Grain size %
Treatments Class A2 2 mm | ClassB<2mm | ClassA=2 mm | Class B <2 mm
1st season 2" season
90 kg K,O/ha 31.78b 68.22 a 29.89¢c 70.11 a
140 kg K,O/ha 35.28 ab 64.72 ab 35.05b 64.95b
190 kg K,O/ha 38.41a 61.59 b 38.70 a 61.30c
LSD at 5% level 3.82 3.82 3.26 3.26
Control 31.37B 68.63 A 29.17B 70.83A
1.5 ml/L SW 34.73 AB 65.27 AB 34.92A 65.08 B
3.0 ml/L SW 39.38A 60.62 B 39.56 A 60.44 B
LSD at 5% level 5.22 5.22 5.60 5.60
Control 28.33 ¢ 71.67 a 24.67 d 75.33 a
90 kg K,O/ha 1.5 ml/L SW 31.67 bc 68.33 ab 30.33 ¢ 69.67 b
3.0 ml/L SW 35.33b 64.67 bc 34.67 bc 65.33 bc
Control 31.62 bc 68.38 ab 30.16 ¢ 69.84 b
140 kg K,O/ha 1.5 ml/L SW 33.76 b 66.24 b 35.67 bc 64.33 ¢
3.0 ml/L SW 40.47 a 59.53 ¢ 39.33b 60.67 ¢
Control 34.15b 65.85b 32.67¢ 67.33 bc
190 kg K,O/ha 1.5 ml/L SW 38.76 ab 61.24 c 38.76 b 61.24 c
3.0 ml/L SW 42.33 a 57.67 c 4467 a 55.33d
LSD at 5% level 4.24 4.24 4.94 4.94

Note: Means followed by the same letter within each column are not significantly different at P < 0.05 according

to Duncan’s multiple range test.

class A grain (42.33 and 44.67%) in both seasons,
followed by those quinoa plants that received 140
kg K,O/ha combined with sprayed application
of seaweed at 3.0 ml/L but insignificantly during
the first season (40.47%) and significantly dur-
ing the second (39.33%). In the same regard, they
recorded the lowest significant values of class B
grain (57.67 and 55.33%) in both seasons, fol-
lowed insignificantly in the first season (59.53%)
and significantly in the second season (60.67%).
Conversely, those quinoa plants fertilized with
90 kg K,O/ha combined with 0.0 ml/L gave the
lowest significant values of class A grain (28.33
and 24.67%) and the highest significant values of
class B grain (71.67 and 75.33%) in both experi-
mental seasons of 2016/2017 and 2017/2018.

Grain mineral contents

Application of potassium fertilizer up to 190
kg K,O/ha led to significant increases in the per-
centages of all analyzed mineral contents in qui-
noa grains, i.e., N, P, K, Ca, Fe, Zn and Mn except
the percentage of Mg during both experimental
seasons (Tables 4 and 5). Although no significant
difference was found among potassium fertil-
izer treatments on Mg content, the highest value
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of Mg content was recorded with 90 kg K O/ha
while the lowest value was recorded with 190
kg K O/ha. Furthermore, significant differences
were detected among potassium fertilizer treat-
ments on the percentages of K, Ca, Fe and Mn.
On the other hand, insignificant differences were
detected between potassium treatments of 140
and 190 kg K ,O/ha on N, P and Zn during the two
seasons.

Application of seaweed caused an enhance-
ment in the percentages of all determined miner-
als in quinoa grains, except Mg in the two sea-
sons. Foliar spraying of seaweed extract at 3.0
ml/L gave the highest significant percentages of
N, P, K, Ca, Fe, Zn and Mn except Mg percent-
age in the two seasons, followed insignificantly
by 1.5 ml/L treatment on Zn in the first season,
and on N, P and K in the second season com-
pared with control treatment. Moreover, signifi-
cant differences were found among seaweed ex-
tract foliar spraying treatments on N, P, K, Ca,
Fe and Mn percentages in the first season and
on Ca, Fe, Zn and Mn percentages in the second
season. In contrast, the highest and lowest val-
ues of Mg were recorded with seaweed extract at
0.0 and 3.0 ml/L treatments, respectively, during
both experimental seasons.
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Concerning the interaction between potas-
sium fertilization and sprayed applications of
seaweed, significant differences effect were de-
tected on the percentages of all determined micro
and macro-elements in quinoa grains except for
Mg during both seasons of the study. It could be
mentioned that when quinoa plants received po-
tassium fertilizer levels of 140 or 190 kg K ,O/ha
combined with sprayed seaweed at 3.0 ml/L, the
highest percentage values of N, P, K, Ca, Fe, Zn
and Mn as well as the lowest percentage value of
Mg were recorded in quinoa grains. In contrast,
the lowest percentage values of N, P, K, Ca, Fe,
Zn and Mn and the highest percentage value of
Mg in quinoa grains were attained when quinoa
plants received 90 kg K ,O/ha combined with the
control treatment (0.0 ml/L). These findings were
completely true during both experimental seasons
(Tables 4 and 5).

Nutritional quality of quinoa grains

Percentages of crude protein, crude fat
and crude fiber

The application of 190 kg K O/ha treatment
gave the highest significant values of crude pro-
tein and crude fat and the lowest significant value
of crude fiber percentages. Over the two sea-
sons, potassium treatment at 90 kg K O/ha led
to the lowest significant values of crude protein
and crude fat percentages as well as the highest
significant value of crude fiber percentage. In-
significant differences were recorded between
potassium applications of 140 and 190 kg K, O/
ha on crude protein, crude fat and crude fiber per-
centages during the two seasons, except for crude
fiber in the second season, whereas insignificant
differences were detected between treatments of
90 and 140 kg K, O/ha (Table 6).

Increasing the application rate of seaweed ex-
tract from 0.0 to 3.0 ml/L caused a gradual increase
in crude protein and crude fat as well as a gradual
decrease in crude fiber percentages during both
seasons. The quinoa plants sprayed with seaweed
extract at 3.0 ml/L gave the highest significant val-
ues of crude protein (15.17 and 13.69%) and crude
fat (4.37 and 4.39%), as well as the lowest value
of crude fiber (4.173 and 3.262%). However, the
highest significant value of crude fiber (5.238 and
4.760%) was found with foliar spraying treatment
of 1.5 ml/Lin the first and second seasons, respec-
tively. Moreover, control treatment gave the low-
est values of crude protein (12.05 and 10.68%) and

crude fat (3.25 and 2.79%) in the first and second
seasons, respectively. Significant differences were
found among seaweed extract treatments on crude
protein and crude fiber percentages, while no sig-
nificant difference was noticed between both treat-
ments of 3.0 and 1.5 ml/L on crude fat percentage
during both seasons.

In terms of the interaction between potas-
sium fertilizer treatments and spraying applica-
tions of seaweed extract, significant differences
effect were detected on crude protein, crude fat
and crude fiber percentages of quinoa grains in
both experimental seasons. The quinoa plants that
were fertilized with potassium at 190 kg K O/
ha combined with seaweed sprayed application
at 3.0 ml/L recorded the highest significant val-
ues of crude protein and crude fat as well as the
lowest significant value of crude fiber percent-
ages. However, the highest value of crude fiber
percentage was reached when quinoa plants were
fertilized with 90 kg K O/ha combined with sea-
weed extract at 1.5 ml/L. On the other hand, the
quinoa plants that received potassium treatment
0f 90 kg K, O/ha combined with control treatment
(0.0 mI/L) had the lowest values of crude protein
and crude fat percentages. These results are com-
pletely similar during the two seasons.

Percentages of ash, dry matter and total
carbohydrates

There were significant increases in ash, dry
matter and total carbohydrate percentages of qui-
noa grains with increasing potassium application
levels from 90 to 190 kg K O/hain the two sea-
sons (Table 7). The highest significant values of
ash, dry matter and total carbohydrate percent-
ages were recorded by potassium treatment of
190 kg K ,O/ha, while potassium treatment of 90
kg K O/ha gave the lowest significant values dur-
ing both seasons. In the same context, potassium
treatments of 140 and 190 kg K O/ha showed no
significant differences between them on ash, dry
matter and total carbohydrate percentages in both
experimental seasons, except for total carbohy-
drate percentage in the second season, whereas
the three potassium fertilizer treatments showed
significant differences among them.

Foliar application treatment of seaweed at 3.0
ml/L had a significant positive effect on ash, dry
matter and total carbohydrate percentages in qui-
noa grains during both seasons (Table 7). Results
pointed out that the highest significant values of
ash, dry matter and carbohydrate percentages were
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Table 4. The effect of different potassium fertilization levels as well as foliar spraying with seaweed extract (SW)
at different rates and their interaction on the mineral contents in quinoa grains during the first season of 2016/2017

Treatments % PP

N P K Ca Mg Fe Zn Mn
90 kg K,O/ha 2.012b 0.328 b 1.661c 0.930 ¢ 0.321 a 92.76 c 12.76 b 58.00 ¢
140 kg K,O/ha 2.303 a 0.419 a 2.125b 1.111b 0.294 a 12440 b 13.86 a 63.25b
190 kg K,O/ha 2373 a 0.421 a 2.291a 1.248 a 0.276 a 132.10 a 14.49 a 66.58 a

LSD at 5% level 0.075 0.033 0.146 0.099 ‘N.S. 7.52 0.88 117
Control 1.928 C 0.297 C 1.695C 0.835C 0.342 A 87.32C 1246 B 57.37C
1.5 ml/L SW 2.334B 0.418B 2.032B 1.023B | 0.306 AB | 117.15B 14.26 A 62.07 B
3.0 ml/L SW 2427 A 0.454 A 2.349A 1.430A 0.243B | 143.80A | 14.38A 68.38 A

LSD at 5% level 0.079 0.035 0.154 0.104 0.082 7.89 0.92 1.22
Control 1.543 d 0.213d 1.342d 0.743 e 0.362 a 76.20 e 11.19¢c 54.53 f
é%ll(r?a 1.5 ml/L SW 2132c¢ | 0.362bc | 1.564cd | 0.829de | 0.315a | 84.39de 13.76 b 58.28 e

3.0 ml/L SW 2.360 b 0.409b 2.078 b 1.218 ¢ 0.286 a 117.70 ¢ 13.41b 61.20d
Control 2.099 ¢ 0.336 ¢ 1.740c | 0.821de | 0.350a 90.08 d 12.65 bc 54.45 f

}Z‘g /'r‘g 15m/LSW | 2.394ab | 0441ab | 2218b | 1.111cd | 0309a | 127.66c | 14.32ab | 61.87d
30mILSW | 2417ab | 0481a | 2416ab | 1402b | 0223a | 15547a | 1461ab | 7342a
Control 2141c | 0342c | 2004b | 0942d | 0314a | 9567d | 1355b | 63.14d
}1?8 /‘;g 15m/LSW | 2475ab | 0450ab | 2.314ab | 1.130c | 0.294a | 142.40b | 14.78ab | 66.07c

3.0 ml/L SW 2.504 a 0472 a 2.554 a 1.671a 0.219a | 158.22a | 15.13a 70.53 b
LSD at 5% level 0.130 0.057 0.253 0.171 N.S. 13.01 1.52 2.02

Note: “N.S. Non-significant.

Means followed by the same letter within each column are not significantly different at P < (.05 according to
Duncan’s multiple range test.

Table 5. The effect of different potassium fertilization levels as well as foliar spraying with seaweed extract (SW) at
different rates and their interaction on the mineral contents in quinoa grains during the second season of 2017/2018

Treatments % il
N P K Ca Mg Fe Zn Mn
90 kg K,O/ha 1.818b 0.247 b 1.617 ¢ 1.042 ¢ 0.306 a 86.16 c 11.81b 55.73 ¢
140 kg K,O/ha 2.023 a 0.372a 1.899 b 1.247 b 0.293a | 11821b | 13.74a 60.93 b
190 kg K,O/ha 2111 a 0.378 a 2143 a 1.591 a 0.270a | 140.86a | 14.07 a 64.45 a
LSD at 5% level 0.203 0.041 0.222 0.129 N.S. 4.72 0.56 1.96
Control 1.709 B 0.269 B 1.661 B 0.979C 0.314A | 75.07C 11.61C 53.74C
1.5 ml/L SW 2.053A 0.343A 1.911A 1.301B | 0.294AB | 123.18B | 13.21B 61.06 B
3.0 ml/L SW 2190A 0.386 A 2.086 A 1.600 A 0.260B | 146.80A | 14.80A 66.30 A
LSD at 5% level 0.244 0.044 0.231 0.135 0.042 4.48 0.59 2.15
Control 1.517b 0.187 ¢ 1.374 ¢ 0.889d 0.322 a 64.73 f 10.74 e 51.72e
é%;?a 1.5 ml/L SW 1.918b 0.217c | 1.648bc | 1.020cd | 0.306 a 89.34e | 11.45de | 55.41d
3.0mlI/LSW | 2.018ab | 0.337b 1.829 b 1.217c 0.289a | 105.77d | 13.24cd | 60.06¢c
Control 1.791b 0.302b | 1.598bc | 0.940d 0.315a 69.87 f 12.27d | 54.54 de
}1(:18/:'(12 1.5ml/LSW | 2.079ab | 0.403ab | 1.983ab | 1.231¢c 0.295a | 136.28¢c | 13.97c 61.68 c
3.0ml/LSW | 2200ab | 0.412a | 2.115ab | 1.571b 0.268a | 14847b | 1497b 66.57 b
Control 1.819b 0.317b | 2.011ab | 1.107cd | 0.305a 90.60 e 11.81d | 54.95de
;?g/ﬁg 1.5ml/LSW | 2.162ab | 0.408ab | 2.103ab | 1.653b 0.281a | 14580b | 1420bc | 66.11b
3.0 ml/L SW 2.351a 0.410 a 2314 a 2.013a 0.224a | 186.17a | 16.19a 72.28 a

LSD at 5% level 0.403 0.072 0.384 0.223 N.S. 7.40 0.97 3139
Note: “N.S. Non-significant.

Means followed by the same letter within each column are not significantly different at P < (.05 according to
Duncan’s multiple range test.
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Table 6. The effect of different potassium fertilization levels as well as foliar spraying with seaweed extract
(SW) at different rates and their interaction on the nutritional quality traits in quinoa grains during the seasons of

2016/2017 and 2017/2018

Crude protein (%) Crude fat (%) Crude fiber (%)
Treatments 1st ond 1st ond 1st ond
season season season season season season
90 kg K,O/ha 12.58 b 11.36 b 3.36b 3.28b 4929 a 4.339 a
140 kg K,O/ha 14.39 a 12.64 a 425a 3.84a 4.687 ab 4143 a
190 kg K,O/ha 14.83 a 13.19a 4.36 a 4.01a 4.454 b 3.624 b
LSD at 5% level 0.470 1.255 0.340 0.335 0.296 0.339
Control 12.05C 10.68 C 3.25B 279B 4.664 B 4.085B
1.5 ml/L SW 14.59 B 12.83 B 434 A 411A 5.238 A 4.760 A
3.0 ml/L SW 1517 A 13.69A 4.37A 4.39A 4173 C 3.262C
LSD at 5% level 0.494 0.526 0.365 0.351 0.311 0.356
Control 9.64d 9.48 d 294d 2.53d 5.014 ab 4.345b
Kiooll(r?a 1.5 ml/L SW 13.33¢c 11.99 be 3.45 cd 3.37 bc 5.357 a 5.100 a
3.0 ml/L SW 14.75b 12.61 bc 3.69¢c 3.93b 4.415 bc 3.573¢c
Control 13.12¢c 11.19¢c 3.37 cd 2.67 cd 4742 b 4.153 bc
}lj(g/l;g 1.5 ml/L SW 14.96 ab 12.99b 5.09 a 4.18 ab 5.123 ab 4937 a
3.0 ml/L SW 15.11 ab 13.75 ab 429b 4.66 a 4197 c 3.340 cd
Control 13.38¢c 11.37c 3.45 cd 3.18 ¢ 4.237 bc 3.756 c
;?8,';% 1.5 ml/L SW 15.47 ab 13.51 ab 4.49b 4.27 ab 5.233 ab 4.243 bc
3.0 ml/L SW 15.65a 14.69 a 514 a 459 a 3.907 c 2.873d
LSD at 5% level 0.815 1.52 0.588 0.580 0.513 0.588

Note: Means followed by the same letter within each column are not significantly different at P < 0.05 according
to Duncan’s multiple range test.

Table 7. The effect of different potassium fertilization levels as well as foliar spraying with seaweed extract
(SW) at different rates and their interaction on the nutritional quality traits in quinoa grains during the seasons of

2016/2017 and 2017/2018

Ash (%) Dry matter (%) Total carbohydrates (%)
Treatments qst ond 1t ond 1t ond
season season season season season season
90 kg K.O/ha 4766 b 4513 b 90.67 b 89.10 b 6349 64.63 ¢
140 kg K,O/ha 5131a 5309 a 92.92a 92.33a 64.50 a 66.04 b
190 kg K,O/ha 5.406 a 5532a 93.26 a 93222 65.36 a 67.62a
LSD at 5% level 0.352 0.302 161 2.0 0.98 119
Control 4586 B 4676 B 90.65 B 89.80 B 62.62 B 65.03 B
1.5 miiL SW 5.169 A 5.164 A 92.30 A 91.66 A 64.93A 66.35 A
3.0 milL SW 5.549 A 5.513 A 93.90A 9319 A 65.81 A 66.92 A
LSD at 5% level 0.401 0.417 163 1.82 1.86 131
Control 4112¢ 4077 ¢ 88.69 b 86.81 61.81b 63.56 b
é%l/(r?a 1.5 miiL SW 5.023 b 4448 ¢ 9013 b 89.47 bc 63.50 b 65.09 b
3.0 mi/L SW 5163 b 5.014 b 93.18 ab 91.02b 65.16 ab 65.25 b
Control 4673bc | 4.847 bc 91.19b 90.43 b 62.97b 64.98 b
}Z‘g /'r‘]g 1.5 mi/L SW 5270 b 5.368 ab 9328ab | 9256ab | 6525ab | 66.38ab
3.0 milL SW 5.450 ab 5711 a 94.30 a 9400ab | 6529ab | 66.75ab
Control 4973 5104 b 9208ab | 92.16ab 63.07b 66.54 ab
}1?8 /Ir:g 1.5 mi/L SW 5213 b 5677 a 9348ab | 9295ab | 66.04ab | 67.57ab
3.0 milL SW 6.033a 5815a 94.23a 94.54 66.98 a 68.75 a
LSD at 5% level 0.662 0.524 2.78 3.36 3.08 3.27

Note: Means followed by the same letter within each column are not significantly different at P < 0.05 according

to Duncan’s multiple range test.
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recorded with foliar application of seaweed at 3.0
ml/L, followed in descending order, insignificantly
by seaweed extract treatment at 1.5 ml/L, and sig-
nificantly at 0.0 ml/L in both experimental seasons.

The interaction between potassium fertilizer
levels and spraying applications of seaweed ex-
tract detected significant differences on the per-
centages of ash, dry matter and total carbohy-
drates in quinoa grains during both seasons. It
is evident from the obtained results that the ex-
perimental treatments (potassium fertilizer com-
bined with spraying of seaweed extract) caused
an enhancement in the nutritional quality of qui-
noa grains expressed as ash, dry matter and total
carbohydrate percentages relative to the control
treatment during the two seasons.

It is worth mentioning that the highest values
of ash, dry matter and total carbohydrate percent-
ages in quinoa grains could be attained by fertil-
izing quinoa plants with potassium at 140 or 190
kg K O/ha, combined with foliar application of
seaweed at 3.0 ml/L. However, no significant
differences were detected between the two ex-
perimental treatments. Nevertheless, the lowest
values of the aforementioned traits were attained
by fertilizing quinoa plants with 90 kg K O/ha
combined with foliar application of seaweed at
0.0 ml/L. Similar results were obtained during the
two seasons of 2016/2017 and 2017/2018.

DISCUSSION

Increasing potassium fertilizer up to 190
kg K,O/ha resulted in significant increases in
grain yield/plant, total grain yield/ha, weight of
1000-grains and class A grain percentage, but de-
creased class B grain percentage. In most cases,
insignificant differences were detected between
the two potassium treatments of 140 and 190 kg
K,O/ha during the two seasons (Tables 2 and 3).
The achieved results are in line with Asghar et al.
(2007); Shaheen et al. (2011); Abd El-Samad et
al. (2018b); Kubar et al. (2019); Hefny (2021);
Minh et al. (2022). They reported that potassium
had significant positive effects on yield and quali-
ty. Increasing the potassium application level sig-
nificantly led to the best values of yield and yield
attributes. Furthermore, the application of excess
potassium fertilizer beyond the optimum level
was found to be ineffective (Akhtar et al., 2003),
caused a slight decrease (Salim et al., 2019) or
appeared to have no significant differences (Dar-
wish et al., 2022; Petropoulos et al., 2022).
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The superiority of grain yield and grain yield
attribute recorded with increasing potassium ap-
plication levels could be ascribed to that potas-
sium is frequently referred to as a nutrient respon-
sible for quality and it has an essential role in im-
proving the weight and size of grains, which are
important traits for market demand (Marschner,
1995). Furthermore, potassium is associated with
many important metabolic processes, including
the activation of over 80 enzymes; photosynthe-
sis; formation of carbohydrates (Arif et al., 2008;
Z0orb et al., 2014) and the translocation of sugars,
photo-assimilates and nutrients from source tis-
sues (leaves and metabolic points) to sink tissues
(reproductive tissue and growing points), as re-
ported by Pettigrew (2008), which ultimately led
to improving plant growth and yield as well.

Exogenous application of seaweed at 3.0
ml/L on quinoa plants significantly increased
grain yield/plant, total grain yield/ha, weight of
1000-grains and class A grain percentage, while
decreasing class B grain percentage in compari-
son to control treatment. Spraying seaweed at 1.5
and 3.0 ml/L recorded insignificant differences
between both of them on the above-mentioned
traits during both seasons of the study, except
for grain yield/plant and total grain yield/ha in
the second season. The attained results are in
agreement with Rathore et al. (2009); Mahmoud
et al. (2019); Sriyuni et al. (2020); Hasan et al.
(2021); Ziaei and Pazoki (2022). They reported
that spraying seaweed extract led to an increase
in yield and yield attributes in comparison with
un-treated plants.

The stimulatory effects of foliar sprayed sea-
weed extract on yield and yield attributes may be
related to the existence of various useful bioac-
tive substances. Such bioactive substances re-
sulted in stimulating plant growth, delaying plant
senescence and maximizing crop yield and qual-
ity (Stirk et al., 2014; Battacharyya et al., 2015;
Kocira et al., 2018; Mukherjee and Patel, 2020).
In addition, the application of seaweed extract re-
sulted in a significant increase in leaf photosyn-
thetic pigments, as well as a reduction in chlo-
rophyll degradation rate (loss of greenness), as a
result, the photosynthesis ability was prolonged
(Battacharyya et al., 2015; Kulkarni et al., 2019)
which in turn improves crop yield and quality.

Application of potassium fertilizer up to 190
kg K,O/ha increased the values of N, P, K, Ca,
Fe, Zn and Mn percentages within quinoa grains,
except for Mg. Moreover, significant differences
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were detected among potassium fertilizer treat-
ments on the K, Ca, Fe and Mn contents. In turn,
potassium applications of 140 and 190 kg K,O/ha
recorded no significant differences between them
on N, P and Zn in both experimental seasons (Ta-
bles 4 and 5). The concluded results are in agree-
ment with Abd El-Samad et al. (2018b); Kubar
et al. (2019); Dar et al. (2021); Petropoulos et al.
(2022). They reported that potassium fertilization
significantly enhanced the mineral content. In ad-
dition, a reduction in Mg absorption was observed
with the application of higher levels of potassium,
demonstrating the unilateral antagonistic interac-
tion (Marschner, 1995). In the same regard, potas-
sium is essential for increasing plant root growth
and enhancing the uptake of N, P, Fe and Mn by
the plants (Fageria and Oliveira, 2014).

The promotion effect of potassium on the
mineral contents in quinoa grains might be at-
tributed to that potassium is involved in many
physiological, biochemical, regulatory and meta-
bolic pathways in the plant (Kafkafi et al., 2002;
Zorb et al., 2014). Furthermore, it enhanced root
growth and improved absorption of nutrients and
ionic balance, resulting in increased nutrient con-
tents (Marschner, 1995; Kubar et al., 2019). In
addition, potassium markedly maintains the tur-
gor pressure of cells, regulates the cellular osmot-
ic water potential, and assists in the opening and
closing of stomata. Therefore, the ability of water
and nutrient uptake and translocation within the
plant via xylem, as well as water use efficiency
(WUE), were augmented even under normal or
stressful conditions (Zorb et al., 2014; Turcios et
al., 2021). Moreover, Wang et al. (2013) noticed
an excess in potassium uptake and accumulation
by the plant during the optimum growth condi-
tions and when potassium presented sufficiently
in the soil as a “luxury consumption phenome-
non”. This might be explained as a “plant’s de-
fense strategy” for better dealing with sudden ex-
posure to stressful conditions.

The use of seaweed extract caused an en-
hancement in all measured minerals in quinoa
grains except for Mg percentage. In most cases,
significant differences were observed among sea-
weed extract treatments on mineral contents in
quinoa grains during both seasons. The positive
effects of spraying seaweed extract on the miner-
al contents are reported by Rathore et al. (2009);
Mahmoud et al. (2019); Petropoulos et al. (2022),
who supported the findings obtained in this pa-
per. In addition, they reported that the mineral

contents in seaweed sprayed plants were signifi-
cantly higher than those of non-sprayed plants.

The obtained results could be explained by the
presence of useful bioactive substances, which
led to an increase in the building of better roots,
particularly lateral roots and fibrous rootlets that
are responsible for water and nutrient absorption
(Rathore et al., 2009; Stirk et al., 2014). In addi-
tion, seaweed is a natural source of nutrients (Bat-
tacharyya et al., 2015).

It is evident that the potassium fertilization
treatment up to 190 kg K O/ha caused an improve-
ment in the nutritional quality of quinoa grains ex-
pressed as protein, fat, ash, dry matter and total
carbohydrate percentages relative to 90 kg K O/ha
treatment except for fiber percentage during both
seasons (Tables 6 and 7). These results agreed with
those previously reported by Asghar et al. (2007);
Abd El-Samad et al. (2018b); Dar et al. (2021);
Petropoulos et al. (2022). They illustrated that po-
tassium not only affected yield but also improved
the nutritional profile and chemical composition,
which in turn reflected on the quality. In addition,
potassium led to an increase in yield and protein
and fat contents but decreased fiber and starch
contents in quinoa grains (Minh et al., 2022).

The obtained results are most likely due to
potassium being referred to as a nutrient respon-
sible for quality (Marschner, 1995). Moreover, it
contributes to many important biochemical and
metabolic pathways in the plant, including acti-
vating more than 80 enzymes, the formation of
carbohydrates, protein metabolism and regulating
the photosynthesis process (Arif et al., 2008; Zorb
et al., 2014), which ultimately leads to improving
grain nutritional quality. Furthermore, the appar-
ent increment in yield and nutritional quality of
quinoa grains with application of the highest fer-
tilizer rate of potassium could be attributed to the
vital role of potassium in delaying plant senes-
cence (Darwish et al., 2022) as well as extending
the duration of translocation of carbohydrates,
photo-assimilates, metabolites and nutrients from
the source to the sink (Pettigrew, 2008; Darwish
etal., 2022).

The superior values of protein, fat, ash, dry
matter and total carbohydrate in quinoa grains
were recorded with seaweed application at 3.0
ml/L except for fiber percentage during both sea-
sons. The achieved results agree with Kocira et al.
(2018); Mahmoud et al. (2019); Vasantharaja et
al. (2019); Petropoulos et al. (2022). They men-
tioned that spraying seaweed extract improved
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the nutritional quality and chemical composition
of crops. In addition, enhanced protein and TSS
contents but no effects on fatty acid profiles in
seeds of common bean cultivars were observed
(Ziaei and Pazoki, 2022).

The positive effect of spraying seaweed ex-
tract on grain nutritional quality traits could be
explained by the presence of various bioactive
substances, as well as secondary metabolites.
Such substances maintained a high chlorophyll
content in plant leaves by reducing the chloro-
phyll degradation rate (Battacharyya et al., 2015),
which ultimately preserved the capacity and ef-
ficiency of production of photo-assimilates for a
longer period and then reflected on the grains nu-
tritional quality (Bulgari et al., 2015; Mahmoud
et al., 2019; Mukherjee and Patel, 2020).

CONCLUSIONS

On the basis of the results of this study, it is
possible to conclude that the maximum yield,
mineral contents, as well as nutritional quality of
quinoa grains cv. CICA grown under sandy soil
conditions could be achieved by applying experi-
mental treatments of potassium fertilizer levels
of 140 or 190 kg K ,O/ha combined with spray-
ing seaweed at 3.0 ml/L for four times during the
growth period of quinoa plants in a 15-day inter-
val starting after 40 days from the sowing date.
Such experimental treatments showed no signifi-
cant differences between them on most of the de-
termined parameters.
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