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ABSTRACT

This study was aimed to evaluate the effect of spraying nano chitosan loaded with NPK
fertilizer and nettle leaf and green tea extracts on the growth and productivity of potato for
the spring and fall seasons of 2021.1t was conducted at private farm in Wasit Governorate,
Iraq, as a factorial experiment (5 x 5) within randomized complete block design using three
replicates. The first factor included spraying with four concentrations of chitosan
nanoparticles loaded with NPK fertilizer 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 with 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™ significantly in producing the highest plant height
62.77 and 60.86 cm, number of main stems of the plant 4.45 and 4.36 stem for the both seasons
respectively and mean of tuber weight (111.0 g tuber™) for the spring season which increased
the productivity of tuber yield (56.3 and 51.6 in ton ha™ for both seasons, respectively).

Keywords: Solanum tuberosum L, foliar application, Nano elements, plant extracts, tuber
yield.
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INTRODUCTION

Potato (Solanum tuberosum L.) is the most
important crop in agricultural production that
mainly  contributes to the economic
profitability and food security of Irag.
Consequently, our local society has a great
need to increase its production capacity (6, 7,
23) in particular; potato varieties for
processing (20, 21, 41, 42). The addition of
Nano fertilizers is an efficient way was applied
to several crops and improved their growth
and productivity as in tomato (43), broccoli
(37), date palm (31) and bread wheat (2, 25).
Elshamy et al.(28) found that when spraying
chitosan nanoparticles loaded with NPK with
three concentrations (10%-50%-100%) on
potato, it led to a significant increase in growth
and production for all concentrations
compared to the untreated plant, foliar
application at a concentration of 10% was
excelled other concentrations in the highest
stem length, root length, fresh and dry weight
of vegetative growth, leaves content of total
chlorophyll, number of tubers per plant, yield
per plant, average tuber weight, leaves, total
carbohydrates and TSS. Natural extracts are
considered as one of the promising bio
stimulants due to their high effectiveness to
become a new generation suitable for use in
sustainable agriculture (8, 13, 14, 15). Plant
extracts can be prepared by using any part of
the plant such as seed sprouts (10, 11, 12, 40)
roots, leaves (38, 39) , either individually or in
mixtures (30). Salman and Abdulrasool (38)
found that when spraying Coconut water led to
improve vegetative growth and vyield of
broccoli plants. Nettle Urtica dioica L. is one
of the oldest sources of plant fibers and has
recently been used as a substitute for synthetic
fibers in the textile and clothing industry (44)
and can be grown in polluted areas to reduce
the risks of pollutants to humans and the
environment (36). Garmendia et al. (29) found
that fermenting nettle and using it as an
organic fertilizer sprayed on potato plants led
to differences in growth .The results showed
that the application of a double dose of the
recommended (300 L ha™) of nettle extract led
to an increase in plant height, number of
leaves, and total chlorophyll content, excelled
on the other levels. Abdulraheem and Estefo,
(3) found in a study on the effect of foliar
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application of extracts of some plants on the
growth and vyield of two pea cultivars, Nettle
leaf extract was excelled than others (nettle
seed extract, fenugreek seed extract, and
licorice root extract) in producing the highest
means for plant height, number of leaves,
chlorophyll content, number of pods, and seed
yield for both cultivars compared to other
extracts treatments and control treatment.
Maricic et al.(33) notes in a field experiment
on green bean plants, fertilization using two
types of nettle extract, the first type, is a short-
term extract and it was prepared by soaking
183 g of wild nettle plant in 10 liters of water
for 24 hours, the short-term extract was foliar
application and the long-term extract was
added through the soil, The results showed that
the foliar application with nettle extract is
almost equivalent to the ground fertilization
with nettle extract and both types It had a
positive effect on the growth traits (plant
height and leaves area) compared with the
control treatment. Camellia sinensis L. green
tea is an interesting plant extract, Spraying
with Compost tea extract led to an increase in
the total crop production in the first year by
21.9% and in the second year by 16.3% due to
the increases in the number of fruits and leaves
area for pepper plant (45). Dahshan et al. (27)
noted that spraying green tea extract at three
levels (0.1, 0.2, 0.3)% gave a positive effect on
yield and tuber content of nitrogen,
phosphorus and potassium for potato plants
Burren cultivar. Abd-Alrahman and Aboud (1)
was extracted compost tea by adding 10 L of
water to a liter of compost they found that
foliar application compost tea extract (20L fed’
Ywith yeast extract at a concentration of 6 g L’
' on sweet pepper plants grown in containers
filled with perlite and peat moss medium (1:1
VIV). ) led to a significant increase in the
vegetative growth traits (plant length, number
of branches for each plant, and number of
leaves , leaves area, fresh and dry weight of
leaves), yield traits (fruit diameter, fruit length,
fruit weight, and total yield) and leaf content
of nitrogen, potassium, phosphorus, and
vitamin C for both seasons, respectively,
compared to the control treatment. The study
was aimed to evaluate the response of potato
growth and vyield to foliar application with
Nano chitosan loaded with mineral fertilizer
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NPK and spraying with nettle leaf extracts and
green tea.

MATERIALS AND METHODS

The experiment was conducted at private farm
in Wasit Governorate (32.92°N, 44.77°E) and
about 55 km south of Baghdad / Irag. With
studying the effect of foliar application 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 used. At
the end of the season, part of the tubers
produced from the spring season 2021 were
stored in refrigerator at a temperature of 4 °C,
and later used as tubers for the fall season
2021. A furrows was used with a width of 0.75
m, then the furrows was divided into
experimental units which 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 conducted at a distance of
0.25 m between tubers, an average of 20 plants
per experimental unit for both seasons. The
tubers were planted on January 19, 2021 for
the spring season, and for the autumn season,
on September 17, 2021. The tubers of the same
hybrid of rank A produced from the spring
planting of the same field experiment, not
treated with the experimental treatments, 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 I) were prepared
in laboratory according to the mentioned
method Maricic et al.(33) and Corradini et al.
(26). It included foliar application with four
concentrations of Nano chitosan loaded with
NPK (17) in addition to chemical fertilization
treatment as fallow: C100% = ground addition
complete chemical fertilizer, C50% ground
addition half of the chemical fertilizer
recommendation plus Spray with distilled
water only (control treatment), NanoNPK1,
NanoNPK2 and NanoNPK3, Nano chitosan
loaded with NPK fertilizer at a concentrations
10, 15 and 20% respectively. Foliar
application was conducted in three stages, the
first after the completion of emergence, the
second during the vegetative growth and the
third during tuber growth. Half of the chemical
fertilizer recommendation was added to the
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foliar application treatments with Nano
chitosan, and the fertilizer recommendation for
the potato crop was adopted according to AL
Khadimy (9) (300 N, 300 P,0s and 300 K;O).
The second factor involved foliar application
with nettle leaf extract, symbol N (3) and
green tea extract symbol GT (27) with two
concentrations for each of them, in addition to
the control treatment as follows: CO (Control)
foliar with distilled water , N1 and N2 foliar
with nettle leaf extract at a concentration 25
and 35 g.L* respectively, GT1 and GT2 foliar
with green tea extract at a concentration 2 and
4 g.L" respectively, foliar application was
done with two time, after 45 and 60 days of
planting. The experiment was conducted for
both seasons as a factorial experiment with
two factors (5 x 5) within the randomized
complete block design (RCBD) with three
replicates, The results were analyzed using
analysis of variances and means compared
using LSD level 0.05 (16). Ten plants were
taken randomly from each experimental unit at
the end of the season to calculate the traits for
both seasons, plant height (cm), number of
main stems per plant (stem), number of total
leaves (leaf of plant?), and leaves' total
chlorophyll content. (mg 100 g F.W.™) and the
dry weight of the total vegetative part (g plant’
1), and measurements the yield of the plants
were taken at the harvest that conducted in the
spring season on 5/17/2021 (118 days from
planting to harvest) and in fall season on
6/1/2022 ( 111 days from planting to harvest)
and measuring total number of tubers (tuber
plant™), weight of the tuber (g.tuber™) and the
total yield (ton ha®). The concentration of
macro nutrients N, P and K % in leaves were
calculated.

RESULTS AND DISCUSSION

Vegetative growth traits

The results show in Table (1) that the foliar
treatment of NanoNPK2 at a concentration of
(15%) was excelled in its counterparts in
producing the highest mean of plant height
(58.45 and 57.54 cm), the number of main
stems of the plant (4.03 and 3.94 stems) and
the number of leaves per plant (56.34 and
53.63 leaf) for both seasons, respectively
compared to C50%, which produce the lowest
values for the same traits (46.83, 44.37 cm
plant® and 2.90, 2.87 stem plant™ and 41.15,



Iraqgi Journal of Agricultural Sciences —2024:55(Special Issue):175-185 AL- Malikshah & Abdulrasool

40.46 leaf plant® for both seasons,
respectively). The NanoNPK2 treatment was
significantly superior in producing the highest
leaf content of total chlorophyll, which
reached 504.4 and 486.3 mg 100g F.W.™ for
both season respectively. While the C50%
produced the lowest total chlorophyll reached
to 419.6 mg 100g F.W.™ for the spring season,
and in C100% (385.8 mg 100g F.W.™) for the
fall season. The NanoNPK2 supervised in the
dry weight of vegetative growth, which
reached 49.69 and 46.21 g plant™ for both
seasons respectively. While dry weight of
vegetative growth in the C50 was reached
32.04 and 30.31 g.plant™ for both seasons
respectively. Foliar application with green tea
extract GT2 resulted in a significant increase
in plant height, number of main stems and
number of leaves per plant for both seasons
(58.39 and 56.82 cm, 3.68 and 3.63 stem,
55.23 and 53.22 leaf for both seasons
respectively, compared to the CO which
produced 50.07 and 48.07 cm plant™, 3.28 and
3.06 stem plant® and 41.71 and 40.17 leaves
plant * for both seasons respectively. GT2
resulted in a significantly superior of each of
the chlorophyll content and the dry matter of
vegetative growth (509.1 and 472.9 mg 100 g
F.W. " and 48.04 and 46.13 g.plant™) for both
seasons respectively. The lowest means were
in CO (430.6 and 407.6 mg of 100 g F.W. *
and 38.39 and 36.36 g.plant™ for both seasons
respectively) The interaction between Nano
chitosan loaded with NPK and extracts of
nettle leaves and green tea (Table 2), showed a
significant effect on all vegetative growth
traits. NanoNPK2 GT2 was significantly
superior than others, producing the highest
value of plant height 62.77 and 60.86 cm plant’
! number of main stems of the plant reached
4.45 and 4.36 stem.plant™ total chlorophyll
reached 547.3 and 526.7 mg.100g F.W. *, and
dry weight of the vegetative part reached 56.21
and 52.18 g plant® for both seasons,
respectively, compared to the lowest means in
C0 50% CO for plant length 39.26 and 36.29
cm plant® for both seasons, respectively,
number of leaves 37.56 leaf plant™ and the leaf
content of total chlorophyll 385.7 mg 100gm™
for the spring season and for dry matter 32.04
and 30.31 g. plant® for both seasons
respectively. The lowest mean of the number
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of main plant stems in C100% CO was 2.71
and 2.16 stem.plant® for the both seasons,
respectively, and total chlorophyll reached
322.7 mg 100g F.W.? for the fall season. The
increment in vegetative traits under the foliar
application with Nano chitosan loaded with
NPK can be due to the role of this fertilizer in
providing optimal concentrations nutrition of
mineral especially N, P and K which is a
positive method for rapid response to plant
nutrition (34, 35). Using Nano fertilizers based
on polymer as a carrier of fertilizers in
supplying the plant with nitrogen, potassium
and phosphorus to the plant may be improves
the nutritional status of the plant and prevents
the loss of nutrients in the soil, water and air
through direct entry, and avoids the interaction
of nutrients with soil, microorganisms, water
and air (5). 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 (2), enhancing the
various physiological processes of the plant
and raising the efficiency of photosynthesis

process and increasing the amount of
manufactured materials and activating a
number of enzymes. These results are

consistent with what was mentioned by
Elshamy et al. (28) who concluded that foliar
Nano chitosan loaded with NPK on potato
plants, and is consistent in its general
framework with what was reached by (22).
The increment in the vegetative growth traits
under the foliar application of plant extracts
nettle leaf and green tea extract can be due to
their role in providing the plant with nutrients,
due to their high content of biologically active
compounds such as phenols, carotenoids and
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 (26). These results are
consistent with what was stated by Garmendia
et al.(29) when using nettle leaf extract on
potato plants, and with what was confirmed by
(3) on pea plants. And with what was found by
(Abdulrasool and AL- Malikshah, (4) when
using foliar application with green tea extract
on pepper plants.
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Table 1. The effect of spraying with chitosan nanoparticles loaded with NPK, nettle leaf
extract, and green tea extract on the vegetative growth traits of potato plant planted in the
spring and autumn seasons 2021.

Plant height No. of main No. of Leaves Chlorophyll Dry weight
Treatments (cm) stems (Leaf. plant™) mg.100g F.W.™* (g plant™)
(stem. plant™) ' ' o
Spring Fall Spring Fall Spring Fall Spring Fall ~Spring Fall
Chitosan nanoparticles loaded with NPK fertilizer (%)
C1009% 54.52 51.00 3.17 2.94 44.50 43.32 441.2 385.8 4163 40.37
Csoo% 46.83 44.37 2.90 2.87 41.15 40.46 419.6 399.2 36.25 35.29

NanoNPK; 55.85 53.85 3.43 3.31 46.77 45.82 469.4 4516 4433 4181
NanoNPK;, 58.45 57.54 4.03 3.94 56.34 53.63 504.4 486.3 49.69 46.21
NanoNPKj; 56.73 55.74 3.99 3.87 53.78 50.45 483.6 479.1 46.36 4451

LSD g5 0.30 0.64 0.03 0.08 1.84 2.59 8.5 3.6 0.10 0.10
Plant extracts (g L™)

Co 50.07 48.07 3.28 3.06 41.71 40.17 430.6 407.6 38.39 36.36

N 54.39 52.31 3.49 3.44 48.00 47.35 449.8 4384 43.80 41.50

N, 53.73 50.01 3.46 3.30 44.64 43.13 443.2 4235 4181 40.04

GT, 56.15 55.29 3.60 3.48 52.96 49.8 485.4 459.6 46.23  44.15

GT, 58.05 56.82 3.68 3.63 55.23 53.22 509.1 4729 48.04  46.13
LSD g5 0.30 0.64 0.03 0.08 1.84 2.59 8.5 3.6 0.1 0.1

*C100% = ground addition to the recommendation chemical fertilizer, C50% = ground addition to half of the
recommendation chemical fertilizer, Nano CS-NPK; = chitosan nanoparticles loaded with NPK fertilizer at a
concentration of 10%, Nano CS-NPK, = chitosan nanoparticles loaded with fertilizer NPK at a concentration of
15%, Nano CS-NPK,=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™

Table 2. Effect of the interaction between spraying with chitosan nanoparticles loaded with

NPK and nettle leaf extract, and green tea extract on the vegetative growth traits of potato

plant planted in the spring and autumn seasons 2021

No. of main

Plant height stem No. of Leaves Chlorophyll Dry weight
Interaction (cm) (stem. plant™) (Leaf. plant™) mg.100g FW."  (g. plant™)
Spring  Fall Spring  Fall Spring  Fall Spring Fall Spring  Fall

C100% Co 48.06 4438 271 216 4084 38.88 4131 3227  36.70 35.91
Cio09% N1 55.98 5146 3.29 3.28 4457 4471 4284 4010 4246 40.53
Cio0% N2 54.82  46.20 3.28 271 4233 40.69 4263 3593 3941 39.17
Cio00 GT; 56.09 55.38 3.26 3.25  46.53 4531 4611 4202 44.24 42.72
Cio00 GT; 57.63 5759 3.28 3.30 48.25 47.00 4772 4257 4534 43.50
Cs09 Co 39.26  36.29 2.89 2.87 37.56 36.54 3857 3834 3204 30.31
Cso9 N1 46.63 4552 292 2.86  40.07 39.99 4004 3962 3531 34.19
Cso9 N3 4580 39.81 2.90 2.90 39.43 37.96 3989 3936 3471 33.40
Cs00 GT1 50.03 49.10 2.86 2.84 4333 4298 4246 4076  39.13 38.51
Cso06 GT> 5242 5113 293 290 4535 4480 4884 4152  40.08 40.07
NanoNPK; C, 53.71  51.74 3.33 2.89 4150 39.83 4302 4277  39.25 37.68
NanoNPK; N; 55.97 5292 341 3.38 4585 4582 4486 4377  45.00 42.00
NanoNPK; N, 55.74 5252 3.39 330 4311 43.11 4379 4318 4353 39.07
NanoNPK; GT; 56.03  55.88 3.48 3.44  49.06 4730 5113 4750  46.00 44.20
NanoNPK; GT, 5781 56.18 3.53 3.52 54.31 53.03 5188 4859  47.88 46.08
NanoNPK; C, 55.00 54.08 3.70 3.66 4550 43.68  473.0 459.0 4292 39.58
NanoNPK; N; 5744  56.68 3.93 3.88 57.01 55.37 4944 4804  49.20 45.83
NanoNPK; N, 56.60 56.65 3.86 3.80 51.27 49.21  480.1 4727  46.10 44.74
NanoNPK, GT; 60.43 5945 4.22 3.99 63.05 58.35  527.3 4928  54.00 48.71
NanoNPK, GT, 62.77  60.86 4.45 4.36 64.86 6154 547.3 526.7 56.21 52.18
NanoNPK; C, 54.31 53.86 3.78 3.73 43.18 41.90 451.3 445.3 41.02 38.34
NanoNPK3 N; 55.93 5499 3.90 3.82 52.51 50.87 4771  476.7  47.05 44.96
NanoNPK3 N, 55.68 54.89 3.85 3.79  47.05 4470  473.0 4600 45.29 43.82

NanoNPK,GT,  58.14 56.65 4.16 390 6281 5505 5026 5024 47.79  46.62
NanoNPK,GT,  59.61 5833 4.23 409 6338 5971 5138 5110 50.67  48.84
L.S.D 005 0.66 143  0.07 017  4.12 NS 189 8.1 0.23 0.23
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Concentration of elements in the leaves

It is clear from the results in Table 3 revealed a
significant  effect of NanoNPK2 in
concentration of N% which reached 1.910%,
1.880%, and P% reached to 0.569% and
0.550% for both seasons respectively. Nano
NPK1, NanoNPK2 and NanoNPK3, produced
K% 1.750, 1.760 and 1.750% respectively in
spring season and 1.740, 1.760 and 1.740%
respectively for fall season; However no
significantly  differences was  observed
between the treatments within both seasons.
Compared to the lowest concentrations were in
C50% for N% (1.590, 1.570%), for P% (0.485,
0.457%), and for k% (1.600, 1.560%) for both
seasons respectively. The foliar application of
green tea extract GT2 produced a significant
increment in the leaves content of N%
(1.830%, 1.810%), P% (0.585%, 0.569%), and
K % (1.760%, 1.740%) for both seasons
respectively. The results of the interaction
between the two study factors (Table 4) had no
significant effect on the percentage of nitrogen
in the spring season. While for fall season the
results showed that the highest N% in
NanoNPK2 GT2, NanoNPK2 GT1, and
NanoNPK3 GT2, which did not gave a
significant differences between them and
reached 1.950%, 1.920%, and 1.910%,
respectively while C100% CO produced a
significant highest values of N% 1.540%,
compared with C50% CO, which had the
lowest N% 1.480%. Interaction treatment
NanoNPK2 GT2, NanoNPK2 GT1 and
NanoNPK3 GT2 for spring season was
producing highest P% (0.617%, 0.587%,
0.590%, respectively) with no significant
differences between them, C50% CO, which
produced the lowest P% reached 0.427%. In
fall season the interaction treatment did not
show any significant effect on P%.
NanoNPK2GT2 treatment was significantly
superior in the spring season for K% reached
1.790%, compared to the lowest percentage at
C50%N2 reached 1.530%. In fall season
NanoNPK2 GT2 treatment was significantly
superior at K% amounting to 1.780%,
compared to the lowest percentage which was
found in CO 50%, (1.500%). The increment in
the leaves content of N, P and K can be due to
the increase in the concentration of Nano
fertilizer, nettle leaf extract and green tea
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extract and their content of many nutrients
required for plant’s growth which varies
according to the nutrient type and the extract
nature and contributed to the plant reaching a
good nutritional state, which led to an increase
in the plant’s efficiency in absorbing and
accumulating  nitrogen, phosphorus  and
potassium in the leaves (38), in addition to the
role of each element, individually or in
combination with another element, in
activating many enzymes necessary for the
pathways of photosynthesis metabolism and
increasing the outputs of all vital processes by
building plant tissues, complex compounds,
amino acids and proteins (45).

3- Yield and its components

The results in Table 3 indicate that there is a
significant increase in the tubers number the
plant for the spring and fall seasons,
NanoNPK2 producing highest value reached
8.98 and 8.79 tuber plant™ for both seasons,
respectively, C100% treatment produced 7.03
and 6.94 tuber Plant ' for both seasons
compared to C50% that produced the lowest
values reached to 5.74 and 5.61 tubers plant™
for both seasons respectively. The highest
means for weight of tuber in spring season was
108.4 g. tuber! at NanoNPK2, and in fall
season at NanoNPK1 (107.8 g.tuber),
compared to the lowest mean tuber weight
86.1 and 82.6 g tuber® at C100% for both
seasons respectively. These results were
reflected on the productivity of the potato
plant, the highest average was 51.9 and 49.1
ton ha® at NanoNPK2 for both seasons
respectively.Foliar application with nettle leaf
extracts and green tea had a significant effect
on the total number of tubers of plant, the
highest value at green tea extract GT2 (8.14
and 8.07 tubers .Plant™) for both seasons
respectively. While the lowest values were
recorded at CO reached 7.12 and 6.85 tuber
plant® for both seasons respectively. In the
mean of tuber weight foliar with green tea
extract at GT1, GT2 and the control treatment
CO did not show a significant difference
between them, although the control treatment
CO gave the highest value reached 102.5 g
tuber? for the spring season. Compared to
nettle leaf extract at N2 recorded the lowest
values reaching 99.9 g tuber. The highest
total yield was found (44.8 and 42.3 ton ha™)
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at  GT2 for both seasons, respectively,
compared to control CO, which produced the
lowest total yield (39.2 and 36.6 ton ha™) for
both seasons respectively. The interaction
between the two factors (Table 4) showed a
significant effect on the vyield and its
components. NanoNPK2 GT2 significantly
superior on number of tubers per plant (9.51
and 9.39 tubers plant®) for both seasons
respectively, Compared to C50%CO0 which
produced lowest value reached to 5.21 and
5.13 tubers plant® for both seasons
respectively. For the average tuber weight it
showed a significant increment (111.0 g. tuber
1) at NanoNPK2 GT2, compared to the C100%
N2 which producing the lowest value (83.3
g.tuber™) for spring season. While in fall
season, the interaction = NanoNPK1CO
produced the highest value for tuber weight
(112.7 g tuber™) compared to the lowest value
(76.8 g.tuber™) at C100%CO0. The interaction
between the two factors had a significant
effect on productivity, NanoNPK2 GT2
showed a significant increase reaching 56.3
and 51.6 ton hectare® for both seasons
respectively. Compared to the lowest
productivity at C50%CO0, which reached 27.2
ton ha™t in spring season, and at C100%CO
which reached 24.9 ton ha™ in fall season. The
increment in the tubers number of plant under
the factors of this study may have contributed
apparently to the plant in the method of
providing the plant with mineral fertilizers,
especially N, P and K by adopting Nano
polymer technology and creating particles
characterized by safe and high penetration
specifications of cell walls due to their small
size and the occurrence of a kind of food
homeostasis within the plant, which directly
affected the efficiency of the photosynthesis
process and increased the manufacture of
energy-rich compounds and the activation of
enzymes necessary for vital processes within
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the plant.This is reflected in the increase in
plant tissues, as well as the role of N in
building proteins and enzymes that increase
plant growth, as well as the participation of
nitrogen in the formation of amino acids and
the increase in the effectiveness of GA3
gibberellins, which are responsible for the
formation of stolons in potato plants, which
increases the number of tubers formed (17,
19). In addition to the role of K and P in
raising the efficiency of metabolizing
carbohydrates manufactured in the leaves and
storing them in tubers in the form of starch,
which reflected of plant yield by increasing the
tubers number of plant, which is positively
reflected on increasing the productivity. This
result was in agreement with Elshamy et al.
(28), which showed that spraying with Nano
chitosan loaded with nitrogen, phosphorus and
potassium contributed to increasing the vyield
indicators of potato plants, and agreement with
mentioned by a Al-Juthery et al in the field of
Nano fertilizers (18). The significant increase
in the tuber weight may be due to the role of
nutrients in providing the plant with nutrients,
as they are rich in mineral nutrients, organic
and amino acids, vitamins and hormones
which were important for the growth,
chlorophyll and then increasing the
accumulation of carbohydrates and their
transfer to the tubers, which increases their
weight. The effect of the study factors on
increasing the number of tubers and the weight
of the tuber was similarly reflected on the
plant yield and increased productivity. This
results was in agreement by number of
researchers (22, 46, 47, 48). We recommend
the use of foliar application with chitosan
nanoparticles loaded with NPK at a
concentration of 15% and green tea extract at a
concentration of 4g L™ because their role in
improving the vegetative growth of potato
plants and increasing plant productivity.
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Table 3. Effect of spraying with chitosan nanoparticles loaded with NPK, nettle leaf and green
tea extract on the concentration of elements in the leaves and yield traits of potato plant
planted in the spring and autumn seasons 2021.

5 -
% leaves No. of tubers Weight of Z;?]d#;_tf)\"ty

Treatment N P K (tuber. plant?) tuber(g.tuber™®)

Spring  Fall Spring  Fall Spring  Fall Spring Fall Spring Fall Spring  Fall

Chitosan nanoparticles loaded with NPK (%0)
C100% 1.63 1.62 0.50 0.48 1.72 1.70 7.03 6.94 86.1 82.6 32.2 30.6
Cso0 1.59 1.57 0.49 0.46 1.60 1.56 5.74 5.61 101.0 101.0 30.9 30.2
NanoNPK 184 181 051 049 175 174 789 770 1073 1078 452 442
1
NanoNPK 1.91 1.88 0.57 0.55 1.76 1.76 8.98 8.79 108.4 104.9 51.9 49.1
2
NanoNPK 1 g3 185 055 053 175  1.74 8.76 864 1062 972 496 447
3
LSD (5 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.04 0.4 13 0.2 0.5
Plant extracts (g L™)

Co 1.70 1.69 0.47 0.45 1.68 1.65 7.12 6.85 102.5 99.3 39.2 36.6
N, 1.77 1.73 0.51 0.49 1.71 1.70 7.59 7.42 101.9 99.5 41.5 39.4
N, 1.74 1.71 0.49 0.46 1.69 1.68 7.62 7.44 99.9 98.3 40.9 39.1
GT, 1.81 1.79 0.55 0.49 1.74 1.73 7.94 7.90 102.3 98.4 435 415
GT, 1.83 1.81 0.59 0.57 1.76 1.74 8.14 8.07 102.4 98.1 44.8 42.3
LSD (g5 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.04 0.4 NS 0.2 0.5

*C100% = ground addition to the recommendation chemical fertilizer, C50% = ground addition to half of the
recommendation chemical fertilizer, Nano CS-NPK; = chitosan nanoparticles loaded with NPK fertilizer at a
concentration of 10%, Nano CS-NPK, = chitosan nanoparticles loaded with fertilizer NPK at a concentration of
15%, Nano CS-NPK,=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™
Table 4. Effect of the interaction between spraying with chitosan nanoparticles loaded with
NPK fertilizer nettle leaf extract, and green tea extract on the chemical and yield traits of

potato plant planted in the spring and autumn seasons 2021

% leaves No. of tubers Weight of Productivity

Interaction N P K (tuber. plant™®)  tuber(g.tuber®)  (ton hal)
Spring  Fall Spring  Fall Spring  Fall Spring  Fall Spring  Fall Spring Fall

C1009% Co 1.57 1.54 0.44 0.43 1.66 1.64 6.34 6.08 92.3 76.8 31.2 24.9
C10006 N1 1.63 1.62 0.47 0.45 1.72 1.71 7.10 7.02 84.2 83.0 31.9 311
C1000 N2 161 161 0.45 0.43 1.70 1.69 7.14 7.13 83.3 83.1 317 316
Cio00 GT1 1.66 1.64 0.55 0.52 1.74 1.73 7.22 7.19 84.4 85.1 325 32.6
Cio00 GT> 1.69 1.67 0.57 0.57 1.76 1.75 7.36 7.28 86.2 85.2 33.8 33.0
Csa6 Co 154 148 043 040 157 150 521 513 980 993 272 271
Cso06 Nyt 157 1.55 0.46 0.43 1.55 1.53 5.48 5.28 104.0 105.0 304 29.6
Cs06 N> 1.55 1.53 0.44 0.41 1.53 1.52 5.82 5.49 96.8 98.4 30.0 28.8
Cs00, GTy 1.64 1.63 0.53 0.50 1.65 1.63 5.78 5.86 106.5 103.2 32.8 32.3
Csp0 GT 1.67 1.65 0.56 0.54 1.68 1.64 6.43 6.30 99.8 99.3 34.2 33.3
NanoNPK; Cqy 1.76 1.78 0.46 0.44 1.70 1.67 7.60 6.94 106.7 112.7 43.3 41.7
NanoNPK; N 1.85 1.76 0.47 0.47 1.75 1.74 7.91 7.64 104.2 106.0 43.9 43.2
NanoNPK; N, 1.83 1.72 0.47 0.46 1.74 1.73 7.94 7.89 107.5 105.1 45.6 44.2

NanoNPK; GT; 1.87 1.88 055 053 177 176 7.97 8.00 108.7 106.8 46.2 456
NanoNPK; GT, 1.88 1.90 057 056 1.78 177  8.03 8.02 1093 1084 468 464

NanoNPK; C, 1.84 1.82 053 051 173 173 814 8.07 1109 1088 481 4638
NanoNPK; N; 1.93 1.87  0.56 055 1.76 176  8.96 8.92 1102 1034 526 491
NanoNPK; N, 1.88 1.85 0.55 052 173 1.74  8.87 834 1041 1063 493 473

NanoNPK,GT,; 1.95 192 059 057 178 177  9.40 9.23 1059 1027 531  50.6
NanoNPK, GT, 1.97 195  0.62 060 179 178 951 939 1110 1031 563 516

NanoNPK; C, 1.81 180 051 049 1.72 171 8.30 8.02 104.8  98.6 464 422
NanoNPKj3 N; 1.87 186 055 052 175 1.74 849 8.26 106.8 100.1 484 441
NanoNPK3 N, 1.85 182 054 049 173 172 835 833 1076 983 479 437

NanoNPK; GT, 1.92 1.87 057 055 1.76 175 931 9.23 1061 943 52.7 464
NanoNPK;GT, 1.95 191  0.59 058 177 176  9.36 936 1057 945 528 472

L.S.Dggs N.S 0.04 0.03 N.S 0.05 005 0.04 010 09 2.8 0.3 11
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