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Abstract

The experiment was conducted in the vegetable field of the Department of Horticulture and
Landscaping , College of Agriculture and Forestry , University of Mosul in the spring season 2021
.To study the effect of two factors, the first: three cultivars of potatoes, Arizona, Montreal, Florice,
and the second: five levels of the fertilizer combination: 100% chemical, 75% chemical + 25%
nano, 50% chemical + 50% nano, 25% chemical + 75% nano. Chemical Zero + 100% Nano. The
experiment was designed in a split plot system using the R.C.B.D. complete block design with three
replicates. The results can be summarized as follows: The Montreal cultivar achieved the highest
significant values in the percentage of dry matter and starch in the tubers and the qualitative weight
of the tubers, while the Arizona cultivar recorded the highest significant value in tubers hardness,
While the cultivar Florice achieved the highest significant value in the percentage of protein in the
tubers. The fertilizer combination 50% chemical + 50% nano achieved the highest values in the
percentage of dry matter and starch in the tubers and the qualitative weight of the tubers. The
fertilizer combination 75% chemical +25% nano gave the highest nitrate content in the tubers, while
the 25% chemical +75% nano fertilizer combination achieved the highest significant value of
vitamin C content in the tubers. The interaction treatment between Arizona cultivar and the
fertilizer mixture 50% chemical +50% nano gave the highest significant values in the percentage of
dry matter and starch and the qualitative weight of the tubers. The interaction between Florice
cultivar with 100% nano had the highest significant value in the protein content in the tubers, and
the interaction between Florice cultivar and the fertilizer combination 25% chemical + 75% nano
was the highest significant value in the tubers content of vitamin C, The Arizona cultivar with
100% nano gave the highest significant value in tuber hardness and the lowest value in tuber nitrate
content, and the interaction between Montreal cultivar and the fertilizer combination 25% chemical
+75% nano gave the highest significant value in TSS ratio in tubers.
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Introduction 2019), The potato crop is affected by many

) factors, the most important of which is the
Potato (Solanum tuberosum L.) is one of the cultivar that is suitable for the environmental
most important vegetable crops in the world, conditions in the production area, its
and it belongs to the Solanaceae family. The resistance to disease and insect infestations
origin country of the potato is South America, spread in the production area, and that it has
after which it moved to Europe and North high productivity and its tubers are desirable
America (Manea et al., 2019). Tuber crops to the consumer in terms of shape and color
top the list, where they are one of the (Mosali, 2000).Hassan et al. (2017) found the
important vegetable crops that humans can superiority of Arizona cultivar in the
consume in relatively large quantities because percentage of dry matter and starch in tubers
they constitute an important source of many compared to Riviera and Volare cultivars.
nutrients and come in the fourth place among AL-Bayati et al. (2018) reported the
the most cultivated crops after wheat, rice and superiority of the Burren variety in the
corn (Daniels-Lake, 2013, AL-Taey et al, percentage of dry matter in the tubers, while
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the Arizona cultivar excelled in the proportion
of protein in the tubers. AL-Bayati and AL-
Quraishi (2019) noted the Arizona cultivar
excelled in the percentage of dry matter and
starch in tubers and tubers qualitative weight
compared to Riviera and Agria cultivars. AL-
Zebari et al. (2021) found the superiority of
Laperla cultivar in the percentage of dry
matter and starch in tubers, TSS percentage in
tubers and tubers qualitative weight compared
to Arizona, Montreal and Florice cultivars.
Nanotechnology is used as a technology with
multidisciplinary windows in agricultural and
food sciences and contributes to a lot of
agricultural research that can lead to new
ways to solve many agricultural problems
(AL-Taey and AL-Musawi, 2019),Nano-
fertilizers are one of the modern methods used
to increase agricultural production, due to the
increase in their surface area (AL-Juthery et
al., 2018), as well as due to the slow partial
release of nutrients from them, which leads to
efficient absorption of nutrients by
crops.Moreover, it is an excellent technology
for sustainability and new nutrient delivery
systems that penetrate the porous surfaces of
nano-coated plants, restore soil fertility and
reduce environmental pollution (AL-Juthery
et al, 2020). The success of using
nanomaterials as fertilizers in plant growth
depends on the types of plants and some other
factors such as size, concentration,
components and chemical properties of
nanomaterials (Thakur and Kumar, 2018).
When classified, nano-fertilizers contain
nutrients such as nitrogen, phosphorous and
potassium, or they may contain micro-
nutrients such as magnesium, calcium and
some essential micro-nutrients for plants
(Bruinsma and Alexandratos, 2012). Abboud
and Mijwel (2018) found that the addition of
chemical fertilizer with  nano-fertilizer
spraying at a concentration of 2 g L™ to potato
plants caused a significant increase in the
percentage of dry matter and starch in tubers
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While Ali (2019) mentioned that spraying
Arizona potato plants with nano-fertilizer
containing macro and micro elements at a
concentration of 1 g L™ led to giving the
highest significant values in the percentage of
dry matter, starch and TSS in tubers. Mijwel
and Muhsin (2019) indicated that spraying
potato plants with nano-fertilizer at a
concentration of 2 g L™ caused a significant
increase in starch content in tubers. Abd El-
Azeim et al. (2020) observed that spraying
50% NPK nano fertilizer for Cara potato
plants gave the lowest nitrate content in
tubers. Al-Abdali (2021) found that the
fertilizer recommendation 25% chemical +
75% nano, at a concentration of 2 g L™ for
plants of two cultivars of potatoes, Arizona
and Montreal, gave the highest significant
values in the percentage of dry matter and
starch in the tubers and the qualitative weight
in tubers and the lowest nitrate content in
tubers. compared to other treatments. This
study aims to know the best cultivar of the

studied cultivars suitable for the
environmental  conditions of  Nineveh
province, Irag, and the best fertilizer

combination to obtain the highest moral
values of the studied traits and the lowest
nitrate content in the tubers.

Materials and methods

The experiment was conducted during the
spring agricultural season of 2021, in the
vegetable field of the Department of
Horticulture and Landscaping, College of
Agriculture and Forestry, University of
Mosul.Samples were taken from the field soil
from the surface layer down to a depth of 30
cm in order to conduct a laboratory
examination to know the physical and
chemical properties of the field soil before
planting and Table No. (1) shows the most
important physical and chemical properties of
the measured soil.
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Table (1) shows some physical and chemical properties of the soil of the experimental field

before cultivation

traits values
PH 7.2
Electrical conductivity EC (m-1/dc) 0.3

% organic matter 1.3
Availability Nutrients Content

Nitrogen mg kg-1 27.2
Phosphorous mg kg-1 6.5
Potassium mg kg-1 100
Physical soil components g kg™

sand gram kg™ 420.5
silt Gram kg™ 340
Clay kg kg™ 239.5
texture Loam

The land was prepared for cultivation by
tillage with a triple Moldboard plow and two
perpendicular plows, and the smoothing and
leveling of the soil was conducted.The
chemical fertilizer NPK 15:15:15 was added
according to the treatments and mixed with
the soil. The experimental field was divided
into three sectors, and each sector was divided
into 15 experimental units with a length of 2
m and then work the troughs at an average of
three troughs for the experimental unit and
extend the drip irrigation pipes. The seeds
were planted on February 13, 2021, for the
cultivars Arizona, Montreal, and Florice, rank
E, The experimental unit included three
furrows with a length of 2 m, a width of 2.25
m, and the distance between one meadow and
another is 75 cm. The area of the
experimental unit was 4.5 m 2 and 8 tubers
were planted in each furrows . The number of
tubers in the experimental unit was 24, and
they were planted at a depth of 15 cm. The
method was drip irrigation. The agricultural
service operations were conducted as is the

case in the commercial fields of the potato
crop in the same methods for all the
experimental units, from weeding and
weeding (twice during the growing season),
exporting the soil for plants (once during the
growing season) and controlling diseases and
insects.

Two factors were studied in the experiment:
The first factor: Three types of seed grade E:
1- Arizona

2- Montreal

3- Florice

The second factor: Fertilizer combination

treatments :

1. Chemical fertilizer NPK 15: 15: 15 The full
recommendation is only 400 kg ha® (Al-
Fadli, 2006).
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2. 75% NPK 15:15:15 chemical fertilizer +
25% NPK 20:20:20 nano fertilizer.

3. 50% chemical fertilizer NPK 15: 15: 15 +
50% nano fertilizer NPK 20: 20: 20.

4. 25% NPK 15:15:15 chemical fertilizer +
75% NPK 20:20:20 nano fertilizer.

5. Only nano fertilizer (100% nano).

The nano-fertilizer was sprayed three times
during the growing season, and the chemical
fertilizer was added 15:15:15 before planting.
The first spray is a week after the completion
of tuber germination, the second is 20 days
after the first, and the third spray is 20 days
after the second spray.The experiment was
carried out in the split plot system once,
where the cultivars were placed in the main
plots and the fertilizer combination treatments
were placed in the split plots and with three
replicates.

Studied traits:

The percentage of dry matter in the tubers, the
percentage of starch in the tubers, the
qualitative weight of tubers, the protein
content in tubers%, tubers hardness (kg cm ?),

the nitrate content of tubers: (mg™ dry
weight), the percentage of TSS in tubers %
,The content of the tubers of vitamin C (mg
100 g™* fresh weight)

Results and discussion

The results in Table(2) indicate that the
Montreal cultivar gave the highest percentage
of dry matter and starch and qualitative
weight in tubers reached 21.05% and 14.77%
1.084, respectively, and did not differ
significantly from Arizona cultivar.While the
lowest percentage of dry matter and starch
and qualitative weight in tubers was 19.09%,
13.02% and 1.075, respectively, while Florice
cultivar gave the highest protein content in
tubers 9.341% and the lowest value for this
trait reached 8.392% in Montreal cultivar.As
for the fertilizer combination, it is noted that
there are no significant differences in the
percentage of protein in the tubers, While the
V3 treatment gave the highest percentage of
dry matter and starch and qualitative weight
in the tubers amounting to 21.79%, 15.42%
and 1.087, respectively, and the lowest values
for these traits were in the V5 treatment,
amounting to 18.54%, 12.53% and 1.072,
respectively.

Table (2): Effect of cultivar and fertilizer combination on some qualitative traits of potato

tubers.

Treatments ;-rh; rE)\ea:feern ti?ge tl?g -Cl)-P i sf:rrccl?magijﬁ \/Qvg?g:;;[ ,? g;/fubers protein in tubers%
tubers tubers

Arizona 20.44 a 14.22 a 1.081a 8.403 b

Montreal 21.05a 14.77 a 1.084 a 8.392Db

Florice 19.09 b 13.02 b 1.075a 9.341a

Fertilizer combination

V1 19.68 ¢ 1354 ¢ al.077 8.447 a

V2 20.08 ¢ 13.90c 1.079 ¢ 9.107 a

V3 21.79a 15.42 a 1.087 a 8.150 a

V4 20.87b 14.60 b 1.083 b 8.997 a

V5 18.54 d 12.53d 1.072d 8.859 a
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The averages with the same letter or letters
within the same column and the interaction
coefficients do not differ between them
significantly ~ according to  Duncan's
polynomial test under the probability level of
0.05, V1 = chemical only, V2 = chemical
75% + 25% nano, V3 = chemical 50% + 50%
Nano, V4 = chemical 25% + 75% nano, V5 =
100% nano

Table (3): The effect of interaction between cultivar and

gualitative traits of potato tubers.

It is noted from the results in Table (3) that
the interaction treatment between Arizona
cultivar and V3 treatment gave the highest
percentage of dry matter, starch and
qualitative weight in tubers, amounting to
22.98%, 16.49% and 1.093, respectively,
while

fertilizer combination on some

Fertiliz | The The Qualitative o
Treatments | o | ey mtter in | aren - n | YO of | EEg
ation the tubers tubers tubers
V1 19.72 efg 13.57 efg 1.078 efg 7.868 bc
V2 20.09 ef 13.91 ef 1.079 ef 9.213 abc
Arizona V3 22.98 a 16.49 a 1.093 a 8.115 bc
V4 21.44 cd 15.11 cd 1.086 cd 7.995 bc
V5 17.95h 12.01 h 1.069 i 8.821 abc
V1 20.57 de 14.34 de 1.082 de 8.638 abc
V2 21.17 cd 14.87 cd 1.085 cd 8.851 abc
Montreal V3 22.67 ab 16.20 ab 1.092 ab 7.880 bc
V4 21.91 bc 15.53 bc 1.088 bc 9.076 abc
\V/5 18.94 g 12.88 g 1.074 gh 7511c¢
V1 18.74 gh 12.71 gh 1.073 ghi 8.831 ahc
V2 18.98 g 12.92 g 1.074 gh 9.255 abc
Florice V3 19.73 efg 13.58 efg 1.078 efg 8.455 abc
V4 19.26 fg 13.17 fg 1.076 fgh 9.918 ab
V5 18.74 gh 12.71 gh 1.073 hi 10.246 a

The averages with the same letter or letters within the same column and the interaction treatments do not differ between
them significantly according to Duncan's polynomial test under the probability level of 0.05, V1 = chemical only, V2 =
chemical 75% + 25% nano, V3 = chemical 50% + 50% Nano, V4 = chemical 25% + 75% nano, V5 = 100% nano

It is noted from Table (4) that there are no significant differences between the cultivars, the content of tubers of vitamin

C, the percentage of TSS in tubers,While the Arizona cultivar gave the highest tuber hardness of 11.14 kg cm 2 and the
lowest value for this trait was 9.49 kg cm 2 in the Montreal cultivar.
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Table (4): Effect of cultivar and fertilizer combination on yield characteristics of potato on

some qualitative traits of potato tubers.

Tubers The nitrate content of | TSS Vitamin C content of tubers

Treatments hardness (kg | the tupers (mg kg-1 _percentage (Mg 100 g-1 fresh wt.)
cm2) dry weight) in tubers%

Arizona 11.14a 0.902 b 5.26a 17.13 a

Montreal 9.49c 0.977 a 5.33a 18.34 a

Florice 10.63 b 0.977 a 5.09a 17.81a

Fertilizer combination

V1 10.35a 0.930 bc 499 b 17.03 b

V2 10.29 a 0.995a 523b 17.28 b

V3 10.47 a 0.964 ab 5.71a 17.72 b

V4 10.44 a 0.985 ab 58la 21.32 a

V5 10.57 a 0.886 ¢ 441c 15.48 b

The averages with the same letter or letters within the same column and the interaction treatments do not differ between
them significantly according to Duncan's polynomial test under the probability level of 0.05, V1 = chemical only, V2 =
chemical 75% + 25% nano, V3 = chemical 50% + 50% Nano, V4 = chemical 25% + 75% nano, V5 = 100% nano

It is noticed from table (5) that the highest
hardness of tubers was 11.48 kg cm? and the
lowest nitrate content in tubers was 0.847 mg
kg dry weight in the treatment of Arizona
cultivar with V5. The highest TSS ratio was
6.00 in the Montreal cultivar treated with V4,
and the highest content of vitamin C in tubers
was 22.17 in the Florice cultivar treated with
V4.From the above results, the Montreal
cultivar was significantly superior in the
percentage of dry matter and starch in the
tubers, and the Florice variety in the
proportion of protein in the tubers (Table
2)and the cultivar Arizona gave the highest
value in tubers hardness and the lowest value
in nitrate content in tubers (Table 4) This may
be due to genetic differences between the
cultivated potato cultivars (NIVAA, 2107).
There are significant differences between
potato cultivars in the qualitative traits of
tubers, and these results are consistent with
what was mentioned by (AL-Bayati et al.,
2018), (AL-Bayati and AL-Quraishi, 2019)
and (AL-Zebari et al., 2021).The fertilizer
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mixture 50% chemical + 50% nano is
significantly excelled in the percentage of dry
matter and starch in the tubers and the
qualitative weight of tubers (Table 2). The
percentage of TSS in tubers (Table 4) and the
100% nano fertilizer combination gave the
lowest value in the tubers content of nitrate,
and the 25% chemical + 75% nano fertilizer
combination gave the highest value in the
tubers content of vitamin C (Table 4)This
may be due to the fact that the use of nano-
fertilizers in the form of a fertilizer
combination with chemical fertilizers led to
an improvement in vegetative growth and
thus an increase in the efficiency of the
photosynthesis process, which increases the
accumulation of dry matter in plants and
transferring  those outputs from the
manufacturing center in the leaves Source to
the storage centers in the tubers Sink, which
increases all the qualitative traits of the tubers
(AL-Bayati et al., 2019),It may also be due to
the homogeneity of fertilizers in the fertilizer
mixture added to the soil, which led to an
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increase in the readiness of the elements in
the soil solution and an increase in the amount
absorbed by the roots and spraying with nano-
fertilizers for the leaves and through direct
absorption of these fertilizers, all of which led
to an improvement in the qualitative traits of
the tubers and the fertilizer combination
100% nano, gave the lowest nitrate content in
the tubers due to the lack of accumulation of
nitrogen fertilizer in addition to the ground

and foliar spraying of this element, which
caused a reduction in its accumulation in the
leaves and thus reduced its transmission to the
tubers. These results are consistent with what
was mentioned by (Abboud and Mijwel,
2018), (Abd EI-Azeim et al., 2020) and
(Abdali, 2021) that the recommendation of
ground fertilizer with spraying nano fertilizers
for potato plants caused a significant increase
in the qualitative characteristics of the tubers.

Table (5): The effect of the interaction between the cultivar and the fertilizer combination on

the yield traits of potato

Fertilizer Tubers The nitrate content | TSS Vitamin C content
Treatments combination hardness (kg | of the tubers (mg percentage of tubers (mg 100
cm2) kg-1 dry weight) in tubers% | g-1 fresh wt.)
V1 10.86 bcd 0.847c 491 cde | 16.57 bcd
V2 10.88 bcd 0.945 abc 54labc | 17.03 a-d
Arizona V3 11.13 abc 0.930 abc 5.73ab 16.80 bcd
V4 11.37 ab 0.941 abc 5.82 ab 20.33 abc
V5 11.48 a 0.847c 4.44 ef 1493 d
V1 9.48¢e 0.977 ab 5.18 bcd 17.73 a-d
V2 9.38e 1.006 a 5.31 bc 17.73 a-d
Montreal V3 9.83e 1.007 a 5.65ab 18.92 a-d
V4 9.33e 1.019 a 6.00 a 21.47 ab
V5 945e 0.874 bc 4.56 def 15.87 cd
V1 10.70 cd 0.964 abc 4.87 cde | 16.80 bcd
V2 10.63 cd 1.034 a 4.98 cde 17.03 a-d
Florice V3 10.45d 0.954 abc 5.74 ab 17.43 a-d
V4 10.62 cd 0.994 ab 5.61ab 22.17 a
V5 10.77 cd 0.935 abc 424 c 15.63 cd

The averages with the same letter or letters within the same column and the interaction coefficients do not differ
between them significantly according to Duncan's polynomial test under the probability level of 0.05, V1 = chemical
only, V2 = chemical 75% + 25% nano, V3 = chemical 50% + 50% Nano, V4 = chemical 25% + 75% nano, V5 = 100%

nano
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Conclusions

It is concluded from this study that the
Arizona variety was one of the best cultivated
cultivars and the fertilizer combination was
50% chemical + 50% nano in giving the best
results in the studied qualitative traits .
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