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ABSTRACT

This study was aimed to effect of spraying nano chitosan loaded with NPK and nettle leaf extracts and
green tea on yield and its quality of potato for the spring and autumn seasons of 2021 in Al-Suwaira
district of Wasit Governorate, It was conducted as a factorial experiment (5 x 5) within randomized
complete block design with three replicates. The first factor included spraying with four
concentrations of Nano chitosan loaded with NPK fertilizer at concentrations 0, 10. 15 and 20% in
addition to chemical fertilization treatment, the second factor was spraying nettle leaf extract 25 and
35 gL™ and green tea extract at 2 and 4 g.L ™, in addition to the control treatment, spraying with
distilled water only. The results showed a significant superiority of the interaction between spraying
with Nano chitosan loaded with NPK at a concentration of 15% and spraying green tea extract at a
concentration of 4 g L™ in producing the highest value for the leaf area of the plant amounted to 9973
and 9742 m 2 plant™ and the highest yield per plant reached 1055.7 and 967.9 g.plant™ for both seasons
respectively, and the highest percentage of dry matter in tubers (24.31 and 22.77% for both seasons,
respectively. The tuber content of the amino acid Arginine increased significantly. (324.1 and 318.8 mg
100g D.W.™) and Glutamine (94.70 and 9453 mg 100g D.W.™) for both seasons respectively.
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INTRODUCTION

potato (Solanum tuberosum L.) stands as a
globally significant food crop, ranking fourth
in production after maize, rice, and wheat. Its
ability to produce high yields within a short
growth cycle and to thrive across a wide range
of environmental conditions makes it
indispensable to both small-scale and
commercial agriculture (10). As a rich source
of carbohydrates, essential vitamins, and
minerals, potato contributes substantially to
human nutrition and dietary energy. It plays a
pivotal role in strengthening food security,
particularly in areas with constrained land and
water resources, due to its efficient input use
and high caloric output per unit area.
Moreover, potato farming supports rural
economies by generating employment and
income. Its wide applicability in food
processing further enhances its economic
value. Consequently, advancing sustainable
potato production is critical to bolstering
agricultural sustainability and ensuring global
food security (6). Addition of Nano-fertilizers
recently applied to some crops and contributed
to improving their growth and productivity,
including potato (8, 14), tomato (32), broccoli
(25), basil (26) and others .The integrated
management of nutrients leads to better plant
in terms of yield, quality and economic return
through balanced use of organic fertilizers
with inorganic fertilizers (22 and 31) showed
that biocatalysts have a role in producing high-
quality and nutritious food that can help
protecting against hunger and malnutrition. Its
role is not limited to important crops only, but
includes all sectors of horticulture. In fact;
using plant extracts in agriculture has gained
considerable attention as a sustainable
alternative to synthetic agrochemicals. These
natural substances, derived from various plant
parts, possess bioactive compounds that can
promote plant growth, enhance resistance to
pests and diseases, and improve soil health.
Consequently, the application of plant extracts
supports environmentally responsible
agriculture and helps reduce chemical residues
in food and the environment (19, 33). Kisvarga
et al., (21) and Shahbaz et al., (29) found that
the use of plant extracts, including lemon, aloe
vera and neem extract, is a natural alternative
to chemical pesticides and preservatives to
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maintain post-harvest quality of fruits and
vegetables, moreover they enhance their shelf
life and protect them from damage, and
biostimulants based on plant extracts were also
used to control salinity (5). Hakim et al. (18)
showed that the addition of compost tea
solution to drip irrigation system at a ratio of
4:1, respectively, by following two irrigation
methods (the traditional full irrigation and
partial irrigation on one side of the plant) led
to an increase in yield and an improvement in
tomato fruits quality after harvest. Great
interest in the quality of food that free from
fertilizers and pesticides residues by using
organic nutrients from plant origin through
foliar fertilization. Garcia et al., (16) noted in a
study conducted on the starch of seven potato
cultivars that the starch had a high degree of
purity, but showed different percentages in
terms of mineral content, amylose content,
starch resistance, heat and adhesive properties
in different cultivars.Differences in the
physicochemical and starch percentage of
different potato cultivars can be directly
related to the use of potato making them useful
for industrial applications. This study was
aimed to verify the response of the potato crop
to the above study factors, each alone, and
their interaction effects on the quality of potato
tubers.

MATERIALS AND METHODS

The experiment was conducted in a private
farm in  Al-Suwayrah district of Wasit
Governorate (32.92°N, 44.77°E) about 55 km
south of Baghdad / Irag. With studying the
effect of spraying with Nano chitosan loaded
with NPK fertilizer and nettle leaf extracts and
green tea on the growth and productivity of
potatoes for the spring and fall seasons of
2021.The Burren hybrid potato plant, rank
Elite, of Dutch origin, was selected. At the end
of the season, part of the tubers produced from
the spring season 2021 were stored in
refrigerated  private  warehouses at a
temperature of 4 °C, and where’s as seeds later
used for the fall season 2021. A furrows was
made with a width of 0.75 m. The furrows
were divided into experimental units. The
experimental unit included a 5-m long furrow
in the spring season 2021 and a 2.5-m long
furrow in fall 2021 season, an area of 3.75 m-.
Planting took place at a distance of 0.25 m
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between one tuber and another, an average of
20 plants per experimental unit, and for both
seasons. The tubers were planted on January
19, 2021 for the spring season, and for the fall
season, on September 17, 2021. The untreated
tubers of the same hybrid of rank A that
produced from spring season of the same field
experiment, untreated tubers were planted and
stored in refrigerated private warehouses for
the period from May 22, 2021 to September 9,
2021 at a temperature of 4 °C + 2 °C. Nano
Chitosan (factor 1) were prepared in laboratory
according to the mentioned method (13 and
23).It  included spraying  with  four
concentrations of Nano chitosan loaded with
NPK (15). C 50% Half of the chemical
fertilizer recommendation plus Spray with
distilled water only (control treatment), Spray
NanoNPK1 with a concentration of 10%,
Spray NanoNPK2 with a concentration of
15%, Spray NanoNPK3 with a concentration
20%. In addition to chemical fertilization
treatment according to the fertilizer
recommendation C100% addition of complete
chemical fertilizer recommendation. Spraying
was conducted in three stages, the first
spraying after the completion of emergence,
the second spraying in the vegetative growth
stage, and the third in the tuber enlargement
stage. Half of the chemical fertilizer
recommendation was added to the spraying
treatments with Nano chitosan. The fertilizer
recommendation for potato crop was K,0 300,
P,05300, N 300. The addition was made in
three times, the first at planting, the second
after 45 days of planting (vegetative growth
stage), and the second after 60 days of planting
(tubers growth stage). The second factor
included spraying nettle leaf extract, symbol N
(2) and green tea extract, symbol GT with two
concentrations of each, in addition to the
control as follows: CO (Control) - spray
distilled water only, N1 — Spraying nettle leaf
extract with a concentration of 25g.L™", N2 —
Spraying nettle leaf extract with a
concentration of 35 g.L?, GT1 — Spraying
green tea extract with a concentration of 2g.L"
! GT2 - Spraying green tea extract with a
concentration of 4 g.L™*. Spraying was
conducted two times of each extract during the
cultivation period, leaving a time interval of
three days after spraying the first factor, where
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the first spray was after 45 days of cultivation
and the second spray after 60 days of
cultivation. The experiment was conducted for
both seasons as a factorial experiment with
two factors (5 x 5) within the RCBD, with
three replicates. The results were analyzed
using analysis of variances and means
compared using LSD level 0.05 (7). Leaf area
was measured (cm? plant™) The yield of one
plant (g plant™) and the quality indicators of
the yield, which are the percentage of dry
matter in tubers (%), the hardness of the tubers
(kg cm™), the percentage of total soluble solids
(TSS), and the content of the tubers of amino
acids (mg.100 g D.W.h)and the percentage of
Amylose and Amylopectin in starch and the
concentration of nutrients in the tubers, which
are the percentage of nitrogen (%), the
percentage of phosphorus (%) and the
percentage of potassium (%).

RESULTS AND DISCUSSION

Leaf area (cm? plant™): The results in Table
(1) indicate that spraying with Nano chitosan
loaded with NPK had a significant effect on
plant leaf area for both seasons. NanoNPK2
treatment achieved the highest (9189 and 9051
cm 2 plant™ respectively, for both seasons).
C100% treatment which also produced an
increase in total leaf area (7436 and 6359 cm?
plant’) for both seasons respectively
compared to C50% treatment, which recorded
the lowest mean of leaf area, which reached
6097 and 5990 cm?, Plant™ for both seasons
respectively. Foliar application with green tea
extract GT2 superior in giving the highest
average of total leaf area, which reached 8620
and 8312 cm? plant® for both seasons,
respectively while the lowest leaf area average
for the control treatment (CO) was 7227 6869
cm? Plant™ for both seasons, respectively. Data
in Table 2 shows a significantly superiority of
the interaction treatment NanoNPK2 GT2
(9973 and 9742 cm? plant™) for both seasons,
respectively, compared to C050%, which
produced the lowest rate of total leaf area
amounting to 5432, 5368 cm 2 plant™ for both
seasons, respectively. The foliar application of
the plant, especially when using polymer-
based Nano-fertilizers as a fertilizer carrier,
has helped in providing the plant with the
basic elements nitrogen, potassium and

phosphorus, which led to improve the
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nutritional status of the plant and thus
preventing the loss of nutrients in the soil,
water and air through direct entry, and
avoiding the interaction of nutrients with the
soil. microorganisms, water and air (4).The
extreme smallness of the particles loaded with
fertilizers played an important role due to their
high ability to penetrate cellular walls, stomata
openings and wounds on the leaf surfaces with
a large entry of nanoparticles into the
cytoplasm and may be associated with
different organelles in it (1). As a result of the
biocompatibility between chitosan and the
medium it passes through, it contributes to the
delivery of fertilizers to the manufacturing
sites in a ready-made manner, and to achieve a
nutritional balance within the plant by
enhancing the various physiological processes
of the plant, raising the efficiency of carbon
metabolism process, increasing the amount of
manufactured materials, and activating a
number of enzymes, including oxidation and
reduction enzymes and the manufacture of
protein as well as the accompanying enzymes
and the increase in cell differentiation and
division, and this leads to an improvement in
the growth of the plant structure and as a result
a better growth represented by an increase in
the total leaf area (Tables 1 and 2) These
results are consistent with what was mentioned
by Elshamy et al. (15), who concluded that
spraying Nano chitosan loaded with NPK on
potato plants led to an improvement in the
vegetative indicators of the plant, As for the
reason for the excelled of spraying green tea
extract treatments in increasing the leafy area
of the plant, it may be due to its high content
of biologically active compounds such as
phenols, carotenoids, vitamins and organic
acids that act as natural antioxidants, as well as
a wide and different spectrum of nutrients that
play a vital role in building plant tissues
(11),The extracts under study encouraged the
promotion of vegetative growth and the
improvement of plant structure due to their
effects on cell walls by capturing free radicals
resulting from vital processes within the plant
and protecting cell walls from internal
damage. Thus strengthening the cuticle layer
and reducing water loss as well as resisting
pathogens as well as contributing to provide
raw materials for vital processes within the
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plant organelles and thus increasing
metabolism products such as carbohydrates
and proteins and their accumulation as a result
of increasing the number of leaves, the
positive basis for increasing the leaf area.
These results are consistent with what was
stated by Garmendia et al., (17), and with what
was reached by Abdulrasool and AL-
Malikshah, (3) when spraying green tea extract
on pepper plants.

Plant yield (g plant™): The plant yield is the
final yield of all the vital physiological
processes that took place throughout the
growing season and a reflection of the good
vegetative growth of a single plant. Data in
Table 1 shows that CS-NPK2 produced the
highest significant plant yield (972.8 and 920.4
g plant™) for both seasons, respectively while
the C50% treatment recorded the lowest mean
for this trait, which reached 510.0 and 566.8 g.
plant) for both seasons, respectively. The
green tea extract excelled in producing the
highest results for this traits for both seasons,
the highest value was recorded in the GT2
treatment, which amounted to 839.8, 793.4 g
plant® for both seasons, respectively,
compared to control treatment CO, which
provided the lowest value (735.6, 685.4 ¢
plant!) for both seasons. Respectively.
Spraying with nettle leaf extract also led to a
significant increase in yield per plant, N1
recorded the highest value (777.3 and 739.1 ¢
plant®) for both seasons, respectively. The
results of the interaction for this trait (Table 2)
showed that the combination NanoNPK2 GT2
produced the highest significant plant yield,
which amounted to 1055.7 and 967.9 g plant™
for both seasons, respectively, compared to
C50% CO for the spring season only and to
C100% CO for fall season only which
produced the lowest rate for this trait (510.0
and 4664 g plant®, respectively).The
superiority of foliar nutrition treatments of
different types in plant yield by changing
levels, perhaps due to the superiority of
spraying treatments with Nano chitosan
loaded with NPK and extracts of nettle leaves
and green tea as a complementary fertilization
of the ground addition to the role of the
nutrients included in the mixture of solutions
and their positive multifaceted effect in
achieving a nutritional balance within the plant
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structure as it affects internally the various
biochemical processes such as cell division
and hormonal and nutritional balance, which is
reflected externally on the morphology of the
plant.The study factors, whether individually
or in combination, improved the state of the
plant, starting from the improvement in
vegetative growth indicators to the yield of the
plant and the creation of particles
characterized by the characteristics of safe and
high penetration of cell walls due to their small
size and the occurrence of a kind of food
homeostasis within the plant directly affected
the efficiency of the carbon metabolism
process and increased the manufacture of
energy-rich compounds and the activation of
enzymes necessary for vital processes within
the plant, which was reflected in the increase
in plant tissues as well as the role of nitrogen
in building proteins and enzymes that increase
plant growth. As well as the participation of
nitrogen in the formation of amino acids and
an increase in the effectiveness of GAj;
gibberellins, which are responsible for the
formation of stolons before emergence, which
increases the number of tubers formed (34) in
addition to the role of potassium and
phosphorus in raising the efficiency of
metabolizing carbohydrates synthetized in
leaves And stored in the tubers in the form of
starch, which helped to raise the rate of plant
yield, The results of the response to foliar
fertilization with Nano chitosan loaded with
NPK were consistent and in the same direction
as the results of Elshamy et al.(15), which
showed that spraying with Nano chitosan
loaded with nitrogen, phosphorus and
potassium contributed to increasing the yield
of potato plants and it agrees with what was
mentioned by a number of researchers in the
field of nanofertilizers ( 15 and 24). These
results are consistent with what was reached
by (2 and 3) from spraying organic nutrients
on plants.

Dry mater and N, P, K % in tubers: Data in
Table 1 shows that NanoNPK2 superior in
dry matter in the tubers ( 22.22, 21.64% )
respectively for both seasons, than C100%,
(16.94 , 16.53% ) respectively for both seasons
and C50% which produced the lowest value
(15.86, 15.59% ) respectively for both seasons,
spraying green tea extract was significantly
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superior in GT2 which produced the highest
results for this trait (20.35, 19.53%)
respectively for both seasons, and superior
than nettle leaf extract N1 (19.04 and 18.78%)
respectively for both seasons compared to
CO0, which produced the lowest values reached
17.70% and 17.60% respectively for both
seasons. Data in Table 2 shows that the
interaction between the two study factors had a
significant effect on the percentage of dry
matter in tubers for both seasons. C100% CO
produced highest values (15.44 and 15.99%)
respectively for both seasons while C50% CO
produced the lowest percentage for this trait
(15.24 and 14.97%) respectively for both
seasons. The results of Table 1 indicate the
significant superiority of NanoNPK2 in
producing the highest percentage of nitrogen,
phosphorus and potassium in the tubers which
amounted 0.451, 0.370 and 0.480%,
respectively for the spring season, and 0.452,
0.380 and 0.477%, respectively for fall season,
compared to C50% which produced the lowest
values (0.241, 0.260, and 0.340%,
respectively) for spring season, and (0.253,
0.250, and 0.329%, respectively) for fall
season. Also, spraying with GT2 was
significantly superior in giving the highest
percentage of nitrogen, phosphorus and
potassium in the tubers (0.424, 0.350 and
0.450%, respectively) for spring season and
(0.411, 0.330 and 0.439%, respectively) for
fall season, compared to CO, which gave the
lowest values (0.346, 0.280, and 0.380%,
respectively) for spring season and (0.345,
0.280, and 0.375%, respectively) for fall
season. Data in table 2 shows that there was no
significant effect in interaction between the
two study factors for N% in the spring season
and for P% in fall season, and P% for both
seasons, the highest N% in tubers appeared for

fall season by NanoNPK2GT2,
NanoNPK2GT1, NanoNPK1GT1,
NanoNPK3GT?2, NanoNPK3GT1 and
NanoNPK2N1, which did not differ

significantly between them (0.480, 0.473. ,
0.447, 0.457, 0.440 and 0.450%, respectively)
but they were significantly superior to C100%
CO ( 0.273% ) and to C50%CO which
produced 0.250%. The highest P% in tubers
appeared in NanoNPK2 GT2 (0.430 %,) which
superior than C100% CO (0.260%) and C50%
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CO0, which gave the lowest value (0.240 %) for such as carbohydrates, soluble amino acids
spring season. It is clear from the results of and organic acids, so they are transported from
tables (1 and 2) that there is a significant the source in the leaves to the final sink in the
increase in dry matter and nitrogen, tubers and stored in the form of dry matter,
phosphorus and potassium in tubers when which is the final product of the processes of
spraying with the study factors perhaps due to carbon metabolism which  leading to an
the role of these factors in increasing the increase in dry matter in tubers, as it means an
content of the leaves of these elements and increase in the percentage of nitrogen,
then their transmission and accumulation in phosphorus, and potassium in the tubers,
the tubers It also led to an increase in the which is one of the important indicators that
products of carbon metabolism and a better indicating the high nutritional value of tubers
accumulation of manufactured compounds and an increase in their storage capacity.

Table 1. Effect of spraying with chitosan nanoparticles loaded with NPK fertilizer, nettle leaf
extract, and green tea extract on the Leaf area, Yield, Dry matter and nutrient concentration
in tubers of potato in the spring and fall seasons 2021.

Leaf area Plantyield  Dry weight % Tubers (%)

Treat 2. plant-1 lant-1 tub

"::tm (m2. plant-1) (g plant-1) ubers N b K
SPIN poy PPN o spring Fall SPMM g SPHIN gy Spg”” Fall

Chitosan nanoparticles loaded with NPK fertilizer (%)
Ciooss 7436 6359 6043 5746 1694 1653 0.36 0.32 0.28 0.26 0.36 0.36
Csov 6097 5990 580.2 566.8 15.86 1559 0.24 0.25 0.26 0.25 0.34 0.33

LR 7977 7814 8466 8292 1867 1828 044 041 031 030 043 042

1

LR 9189 9051 9728 9204 2222 2164 045 045 037 038 048 047
2

LR 8998 8891 9304 8385 2177 2133 043 043 035 035 046 046
3

LSD o5 160 55 2.7 9.4 0.02 011  0.02 0.02 0.01 0.02 0.02 0.02
Plant extracts (g L)
Co 7227 6869 7356 6854 17.70 17.60 0.35 045 0.28 0.28 038 0.38
N, 7885 7551 7773 739.1 19.04 18.78 0.37 037 031 0.30 041 041
N, 7583 7258 766.6 7336 1871 1830 0.36 035 0.30 0.29 0.40 0.40
GT; 8382 8115 8149 7781 19.65 19.17 041 039 033 0.32 044 043
GT, 8620 8312 839.8 7934 2035 1953 042 041 035 0.33 045 044
LSD gps 160 55 2.7 9.4 0.02 0.11  0.02 0.02 0.01 0.02 0.02 0.02
*C100% = ground addition to the recommendation chemical fertilizer, C50% = ground addition to half of the
recommendation chemical fertilizer, NanoNPK; = chitosan nanoparticles loaded with NPK fertilizer at a
concentration of 10%, NanoNPK, = chitosan nanoparticles loaded with fertilizer NPK at a concentration of
15%, NanoNPK;=chitosan nanoparticles loaded with NPK fertilizer 20%, CO = control treatment (spray with
distilled water only), N1 = 25g L™ nettle leaf extract, N2 = 35g L™ nettle leaf extract, GT1 = Green tea extract at a
concentration of 2g L™, GT2 = green tea extract at a concentration of 4g L™
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Table 2. Effect of the interaction between spraying chitosan nanoparticles loaded with NPK
fertilizer and nettle leaf extract, and green tea extract on the Leaf area, Yield, Dry matter and
nutrient concentration in tubers of potato in the spring and full seasons 2021

cheaf areal Plant yield Dry weight % Tubers (%)
Interaction (m~. plant™) (g plant™) tubers N P K
Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall
CuoCo 6898 5849 5850 4664 1599 1544 031 027 026 024 034 033
CuoxN; 7379 6052 598.0 5826 1678 16.66 035 031 028 027 035 036
Cuox N, 7253 5959 5944 5927 1637 1622 032 029 027 025 035 035
Cuo GT. 7662 6825 6100 6118 17.65 1699 039 036 028 027 036 037
Cuox GT, 7989 7108 6341 619.6 17.89 1735 041 038 029 028 038 037
CemsCo 5432 5368 5100 5089 1524 1497 021 025 024 023 031 030
CemN, 5712 5654 5705 5547 1599 1565 023 024 026 025 034 033
CemN, 5509 5509 5630 5402 1594 1518 022 023 025 025 033 032
CensGT, 6816 6547 6153 6054 1600 1601 026 025 027 026 035 034
Cews GT, 7017 6870 6420 6250 1613 1615 027 029 028 027 036 0.35
Nano 7525 7056 8110 7827 1713 1760 039 037 028 026 038 037
NPK, Cy
Na”ONNPKl 7822 7736 8237 8094 1852 1803 043 042 030 028 042 042
1
Na”ONNPKl 7739 7683 8542 8295 1847 1790 042 040 029 027 041 040
2
Na”g$PK1 8240 8199 8660 8547 1944 1872 046 043 033 032 045 044
1
Na”g$PK1 8560 8396 8780 8695 1978 1914 046 045 036 034 047 046
2
Na”‘(’:NPKZ 8196 8121 9020 8778 2001 2006 041 043 031 034 043 044
0
Na”ONNPK2 9283 9223 9870 9215 2212 2179 044 045 037 037 048 047
1
Na”ONNPK2 8712 8525 9234 8864 2164 2145 042 043 036 037 046 046
2
Na”g.'}'PKz 9782 9646 9957 9482 2301 2212 048 047 040 040 052 050
1
Na”g$PK2 9973 9742 10557 967.9 2431 2277 050 048 043 041 053 052
2
Na”‘(’:NPKS 8084 7952 8702 7911 2012 1991 040 041 030 033 042 042
0
Na”ONNPK3 9230 9089 9072 8271 2181 2175 042 043 035 034 045 046
1
Na”‘[)\lNPK3 8704 8613 8980 8189 2113 2077 041 041 033 033 044 045
2
Na”g.'}‘PK3 9410 9359 9873 8705 2214 2200 046 044 038 036 050 047
1
Na”g.'}‘PK3 9560 9441 9894 8850 2364 2222 047 046 040 037 051 049
2
LSDos 357 122 61 211 005 025 NS 004 003 NS NS NS

Quality tubers traits

The results in Table 3 show that spraying with
Nano chitosan loaded with NPK had a
significant effect on tuber hardness for both
seasons, where the spraying treatment
NanoNPK2 achieved the highest degree of
hardness, which reached 11.11 and 11.0 kg
cm™ for both seasons, respectively, and the
highest percentage of total soluble solids
(TSS), (6.35 and 6.34%) for both seasons,
respectively compared to the lowest degree of
hardness and the percentage of total soluble

solids (TSS), which reached 9.87 kg cm™ for
both seasons and 5.68 and 5.57% when
treating C50% for both seasons, respectively.
also spraying with green tea extract GT2
excelled in producing the highest hardness
(10.86 and 10.82 kg cm™ ) respectively for
both seasons compared to the lowest hardness
of tubers in CO reached 10.11 and 10.06 kg
cm for both seasons respectively. The same
applies to TSS for both seasons, where GT2
was significantly excelled in producing the
highest TSS (6.38% and 6.35%) for both
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seasons respectively compared to CO, which
produced the lowest percentage (5.86% and
5.67%) for both seasons respectively. The
results showed in Table 3 the significant
superiority of NanoNPK2 by producing the
highest tuber content for each of the amino
acid Arginine, which reached 296.2 and 292.3
mg 100 g for both seasons respectively
compared to C50% which produced the lowest
content (235.1, 233.9 mg 100 g™) respectively
for both seasons, and glutamate amino acid,
which reached 78.33 mg 100 g™ for the spring
season, which did not differ significantly from
NanoNPK3 for the same season and 79.25 mg
100 g * for fall season, It was superior to
C100% treatment, which reached 45.85 and
44.88 mg 100g™ for both seasons, and C50%
which achieved the lowest content (38.64 and
3850 mg 100gY) for both seasons
respectively. It was also significantly excelled
on GT2 by producing the highest Arginine
content (282.3 and 279.3 mg 100 g*) for both
seasons  respectively, and the highest
Glutamate content amounted to 72.11 and
71.56 mg 100 g™ for both seasons respectively
compared to CO which produce the lowest
values in Arginine content (245.3 and 243.5
mg 100g™ for both seasons, respectively and in
Glutamate content (47.06 and 45.99 mg 1009
1y for both seasons respectively. Data in table 3
also showed that NanoNPK3 produce the
highest percentage of Amylose (25.88% and
25.63%) for both seasons respectively while
C100% produce a percentage of 19.76% and
18.95% for both seasons respectively which
did not differ significantly from C50% which
produce the lowest percentage (19.24% and
18.84%) for both seasons respectively. As for
amylopectin polymers forming starch granules
with a percentage of 70-80%, which is
completed with amylose with a ratio of 20-
30% of the total starch, as well as the
secondary components of the starch granule
(30), and that the ratio of Amylose and
Amylopectin to the granules is the starch of
potato tubers. The optimal consumption is
within the limits of these ratios, as they are
considered complementary to one another, and
any violation of these percentage will be
negatively reflected on the formation of the
starch granule (12 and 27). It appears in the
results of Table 3 that spraying with Nano
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chitosan loaded with NPK with all treatments
(NanoNPK1, NanoNPK2, NanoNPK3) led to
achieving an optimal percentage of
Amylopectin, which is completed with the
percentage of Amylose from the same
treatments in Table 3 to form starch granules,
with a value of 78.00%, 76.70%, and 74.00%,
respectively for the spring season, for each
treatment, and for fall season 77.74%, 76.66%,
and 74.27%. Respectively, compared with
C100% which achieved a percentage of
80.20% and 80.95% for both seasons,
respectively while C50% achieved the highest
percentage of 80.70% and 81.06% for both
seasons respectively. Spraying green tea
extract GT2 achieved the highest Amylose
percentage (24.07% and 23.49%) respectively
for both seasons compared to CO, which
achieved the lowest Amylose percentage
(20.31% and 20.41%) for both seasons
respectively also spraying nettle leaf extract
and green tea extract significantly affected the
percentage of amylopectin for spring and fall
seasons, and despite the significant differences
between the values of each treatment, all
treatments of both extracts in addition to the
control achieved a percentage within the limits
of the percentage of amylopectin for both
seasons. The results for interaction (Table 4)
showed that the highest hardness of tubers in
the spring season was with NanoNPK2 GT2,

NanoNPK2 GT1, NanoNPK3 GT2,
NanoNPK3 GT1, NanoNPK1 GT2 and
NanoNPK1 GT1 which did not differ

significantly among them and reached 11.40,
11.34, 11.39, 11.32, 11.22 and 11.20 kg cm™
respectively, It excelled C100% CO value of
9.87 kg cm™ and C50% CO with the lowest
tuber hardness of 9.56 kg cm-2. In fall season,
the highest hardness of tubers was recorded at
NanoNPK2 GT2, NanoNPK2 GT1,
NanoNPK3 GT2 and NanoNPK3 GT1, which
did not differ significantly between them and
reached 11.34, 11.32, 11.31, 11.25 kg cm™
respectively, it excelled C100% CO (9.81 kg
cm™) and C50% CO which recorded the lowest
tuber hardness (9.64 kg cm?). As for the
percentage of total soluble solids (TSS), the
interaction was superior in NanoNPK2 GT2
producing the highest percentage (6.66% and
6.65%) respectively for both seasons while the
lowest percentage of total soluble solids



Iraqgi Journal of Agricultural Sciences —2025:56(3):1060-1072

AL- Malikshah & Abdulrasool

(TSS), was at C50% CO (5.41%) for spring
season, and in C100% CO (4.92%) for fall
season. NanoNPK2 and NanoNPK3 (which
did not differ significantly between them) were
significantly excelled in producing the highest
arginine content (324.1, 323.5 mg 100g™) for
spring season respectively and producing
318.8, 3165 mg 100g™ for fall season
respectively compared to C100% CO, which
produce 227.7 and 224.4 mg 100g™ for both
seasons respectively, and C50% CO, which
produce the lowest content of Arginine in the
tubers (225.4 and 223.9 mg 100g™) for both
seasons respectively. NanoNPK2GT2 was
superior to all treatments by achieving the
highest content of glutamate amino acid,
(94.70 mg 100 g for spring season. and in
fall season it reached to 94.53 mg 100g™,
C50%CO0 achieved the lowest content of
glutamate amino acid (29.29 and 29.22 mg
100g™") for both seasons respectively. For
interaction between the two study factors it did
not show a significant effect on Amylose and
Amylopectin for the spring and fall seasons.
Increasing yield quality traits represented by
tuber hardness and percentage of total soluble
solids (TSS) may be due to the significant role
of the supplementary fertilizer manufactured
according to nanotechnology (chitosan
nanoparticles loaded with NPK) in exceeding
its effectiveness with traditional methods of
fertilization, in addition to its high absorption
speed as a result of its small size and high
surface area. As well as the role of plant
extracts (nettle leaf extract and green tea
extract) rich in a wide spectrum of nutrients,
proteins and amino acids, Both of them
contributed to increasing the readiness of
nutrients and their absorption by the plant by
repeating the spraying process, leading to an
increase in carbon metabolism and a better
accumulation of manufactured compounds
such as carbohydrates, soluble amino acids
and organic acids, so they are transported from
the source in the leaves to the final sink in the
tubers and stored in the form of dry matter as a
final product of carbon metabolism and
metabolism leading to an increase in the
percentage of both starch (Amylose and
Amylopectin).and protein  (Arginine and
Glutamate), which are directly proportional to
the increase in the percentage of dry matter in
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the tubers, and that the increase in the dry
matter in the tubers means an increase in the
percentage of total soluble solids (TSS) which
is one of the important indicators of the high
nutritional value of the tubers and increase
their storage capacity. The hardness of the
tubers is one of the important quality criteria
for potato tubers, and its increase in the tubers
is mainly associated with an increase in the
percentage of starch and the percentage of dry
matter. The physiological effect of the
nutrients  absorbed, especially nitrogen,
phosphorus and potassium with other elements
plays a physiological role in activating the
enzymatic activity of the pathways of carbon
metabolism and increasing the building of
amino acids that transport from the leaves to
storage places to form proteins through amino
acid transporters in the plant which is reflected
in the increase in the percentage of protein in
the tubers, while phosphorus has a role in the
synthesis of organic compounds due to the
occurrence of reductive oxidation processes
during vital activities such as carbon
metabolism, respiration, and carbohydrate
metabolism (28).Phosphorus also contributes
to stimulating the growth and development of
the plant and is involved in the formation of
starch granules and increasing the percentage
of starch in tubers, as well as its role with
potassium in transporting manufactured
materials from leaves to tubers. Potassium also
has a role in representing nitrogen and
converting it into basic units of amino acids to
form protein. Potassium also has an impact on
the process of protein synthesis itself, as it
helps separate the newly formed protein from
the ribosome and provides an opportunity for
the formation of a new protein (20) as for the
effect of spraying with chitosan nanoparticles
loaded with NPK, chitosan has a role in
increasing the hardness of tubers. The results,
in their general framework, are consistent with
what the researchers by (9) found in potato
tubers. As for the effect of the interaction
between the factors of the study, it is only a
reflection of its effect, which is reflected in a
positive way in increasing the qualitative yield
indicators represented by the percentage of dry
matter in tubers, starch components, amino
acids, tuber hardness, and the percentage of
total soluble solids (TSS). We recommend the
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use of spraying chitosan nanoparticles loaded

in improving the quality of potato tubers by

with NPK at a concentration of 15% and 20% increasing  its  nutritional  value  for
and spraying with green tea extract at a consumption or increasing the marketing
concentration of 4g L™ and nettle leaf extract capacity of the yield.

at a concentration of 35g L™ because their role
Table 3. Effect of spraying chitosan nanoparticles loaded with NPK fertilizer, nettle leaf
extract, and green tea extract on the quality traits of potato tubers in the spring and full
seasons 2021.

Arginine Glutamate

o .
(H érdcr;:-_szs) TSS % (mg 100g (mg 100g Amylose % Amyl;pectm
Treatments g D.wt?) D.W. %) 0
Srf’g” Fall SPN g SPAN o spring Fanl SPM pan SPTIN gy
Chitosan nanoparticles loaded with NPK fertilizer (%)
C100% 10.02 10.00 5.81 5.63 2379 2343 45.85 4?3'8 19.76 185'9 80.20 80.95
38.5 18.8
C50% 9.87 9.87 5.68 557 2351 2339 38.64 0 19.24 4 80.70 81.06
NanoNPK1 1076 1070 622 618 2648 2602 6175 - 2188 2%1 78.00 77.74
NanoNPK2 1111 1110 635 634 2062 2023 7833 /27 2315 5% 7670 7666
NanoNPK3 11.05 10.88 6.31 6.30 291.0 287.6 77.17 7%8 25.88 22'6 74.00 74.27
LSD 0.05 0.10 0.04 0.03 0.05 3.1 3.4 1.80 2.21 1.09 0.96 1.09 0.96
Plant extracts (g L-1)
45.9 20.4
Co 10.11 10.06 5.86 5.67 2453 2435 47.06 9 20.31 1 79.60 79.49
N1 10.54 10.46 5.94 5.88 262.0 257.6 59.97 5%'0 21.25 Zjé'o 78.60 78.85
57.2 21.5
N2 10.50 10.42 5.97 5.92 260.1 256.5 55.33 4 21.65 1 78.30 78.39
67.1 22.3
GT1 10.81 10.78 6.22 6.19 2753 2714 67.28 4 22.63 7 7730 77.53
715 23.4
GT2 10.86 10.82 6.38 6.35 282.3 279.3 7211 6 24.07 9 75.90 76.41
LSD 0.05 0.10 0.04 0.03 0.05 3.1 3.4 1.80 2.21 1.09 0.96 1.09 0.96

*C100% = ground addition to the recommendation chemical fertilizer, C50% = ground addition to half of the
recommendation chemical fertilizer, NanoNPK; = chitosan nanoparticles loaded with NPK fertilizer at a
concentration of 10%, NanoNPK, = chitosan nanoparticles loaded with fertilizer NPK at a concentration of
15%, NanoNPKs=chitosan nanoparticles loaded with NPK fertilizer 20%, CO = control treatment (spray with
distilled water only), N1 = 25g L™ nettle leaf extract, N2 = 35g L™ nettle leaf extract, GT1 = Green tea extract at a
concentration of 2g L™, GT2 = green tea extract at a concentration of 4g L™
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Table 4. Effect of the interaction between spraying chitosan nanoparticles loaded with NPK
fertilizer and nettle leaf extract, and green tea extract on the quality traits of potato tubers in
the spring and full seasons 2021.

Interactio Hardness TSS % (m Alrgg)nirlgew_ Glutamate Amvlose % Amvlobectin %
n (Kgcm?) 9 1)9 : (mg 100g D.W1) y yiop
Sp;n Fall Spgrln Fall  Spring Fall ~ Spring Fall Spgrln Fall Spg;’ln Fall
CuoCo 987 981 547 492 2277 2244 4000 3693 1808 17.60 8180  82.30
CuoxN, 1002 1000 568 553 2397 2355 4560 4477 1920 1853 8070 8137
CuwoxN, 998 099 557 540 2360 2344 4209 4285 1990 1880 8010 8110
Cuwos GT, 1010 1007 643 613 2404 2367 4863 4876 2070 1963 7930  80.27
Cios GT, 1014 1013 619 617 2457 2407 5295 5110 2090 2017 7910  79.73
Ces Co 956 964 541 508 2254 2239 2929 2922 17.90 1730 8200  82.60
CoweN; 982 978 547 536 2347 2316 3859 3831 1883 1883 8110 8107
CeN, 979 973 547 544 2343 2330 3571 3705 1883 1870 8110  81.20
CewsGT, 1007 1007 592 585 2381 2370 4214 4204 2000 1947 7990 8043
Cews GT, 1013 1041 614 612 2430 2438 4749 4590 2063 1990 7930  80.00
Na”g'#'DK 1027 1017 608 606 2495 2455 4976 4848 2047 2180 7940  78.10
1 0
Na”",\'I\'PK 1060 1052 615 612 2652 2556 6012 5763 2130 2097 7860  78.93
1M1
Na”‘,’\INPK 1051 1043 619 6.6 2613 250.6 5416 57.94 2150 2140 7840 7850
11N2
Na”gﬁpK 1120 1117 627 625 2726 2728 6939 6915 2227 2290 7760  77.00
1 1
Na”gﬁpK 1122 1120 640 630 2754 2765 7535 7414 2387 2373 7600 7617
1 2
Na”‘g\'PK 1053 1051 616 616 2683 2692 5885 5856 2193 2183 7800  78.07
2 ~0
Na”‘,’\INPK 1115 1118 621 619 2872 2841 7980 7954 2280 2200 7710  77.90
2 1N1
Na”OI\'I\‘PK 1111 1114 633 632 2863 2825 6938 7453 2297 2367 7690 7623
2 2
Na”gﬁpK 1134 1132 640 636 3153 3069 8892 8910 2360 2397 7630  75.93
2 1
Na”gﬁpK 1140 1134 666 665 3241 3188 9470 9453 2447 2473 7540 7517
2 2
Na”cé\'PK 1033 1019 616 615 2555 2546 5742 5675 2317 2350 7670  76.40
3 %~0
Na”?\INPK 1111 1082 618 618 2832 2812 7573 7491 2413 2490 7580  75.00
31N1
Na”?\INPK 1109 1081 628 627 2825 2818 7531  73.85 2503 2497 7490  74.93
31N2
Na”gﬁpK 1132 1125 638 637 3102 3036 8733 8667 2660 2587 7330 7403
3 1
Na”Cc_"ﬁPK 1139 1131 654 650 3235 3165 9006 9211 3047 2893 6940  70.97
3 2
LSDgss 023 009 007 012 70 7.6 401 495 NS NS NS NS
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