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ABSTRACT

The experiment was carried out at southwest Baghdad during fall season 2021 and spring season 2022
on the industrial potato of Arsenal hybrid, and the experiment carried out using randomized complete
block design with in split plot arrangement with three replicates (4 x 3 x 3). Bio-fertilizer distributed
within main plots and interaction between phosphorus levels and Brassinolide growth regulator within
sub plot. Bio-fertilizers included Aspergillus niger fungus alone and Bacillus Megaterium bacteria
alone and the combination between them add the control and phosphorus treatment of three levels of
0.100, 200 kg P.Os ha' and Brassinolide spraying of three levels of 0, 0.1, 0.2 mg L %, The results
showed a significant effect of the triple interaction among study factors, where the interaction between
fungal and bacterial Bio-fertilization and phosphate fertilization 200 kg h?' and spraying at a
concentration of 0.1 mg L with Brassinolide growth regulator had a significant effects, it gave the
highest significant value in the percentage of phosphorus, potassium and iron concentration of leaves
for both seasons and nitrogen percentage for the fall season with (0.45, 0.51 and 1.74, 1.74%, 130.00,
138.67 ppm and 1.31%) respectively, while the combination between fungal and bacterial Bio-
fertilization and, phosphate fertilization 200 kgP.Os h™* and spraying at a concentration of 0.2 mg L*
with Brassinolide growth regulator had the highest nitrogen percentage in the spring season 1.30% as
well as produced the highest dry matter percentage, starch and protein in tubers for both seasons
(21.00, 21.83 and 14.72, 15.64 and 1.79, 1.87%) respectively.
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INTRODUCTION improving potato cultivation techniques
The potato (Solanum tuberosum L.) is the third respectively to obtain high production and
most important crop after rice and wheat in the tubers with good qualitative traits (Morais et
world and it's one of the most efficient food al., 2018), and among the techniques used are
crops in yield and production of alimentary vaccines bio-fertilizers that improve soil
fiber, high-quality protein, minerals and properties and it's structure and increase the
vitamins, and is recognized as a good and availability of nutrients by increasing the
healthy food crop (Sharde et al., 2023) .It is solubility of unavailable elements, Therefore,
considered one of the important industrial it is one of the most important tools of modern
crops in the world and is used for many agriculture and the production of healthy
purposes, and therefore researchers in a large agricultural crops and is considered as good
number of countries have been interested in ways to increase the efficiency of land use and
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reduce environmental pollution as it provides
alternatives or supplements to chemical
fertilizers to support plant growth (EI-Ghamry
et al.,2018) It’s improves nutrient action in the
soil, stimulates plant growth and productivity,
and replaces 25% of chemical fertilizers.
Bacillus Megaterium secretes organic acids
such as citric acid, gluconic acid and proponic
acid (Zhong et al., 2017), and it has been
proven that the use of this type of bacteria with
mineral fertilizers increases plant height, dry
weight, the number of tubers and total yield of
the potato plant, and has the ability on
breakdown of organic pesticides and their use
as a carbon source for the growth of bacteria.
The same case for Aspergillus niger fungus
which is characterized by its ability to dissolve
mineral phosphorus compounds and convert
them in available formula for the plant by
secreting citric, saxonic, kluconic and oxalic
acid (Narsian and Patel, 2000), and this type of
fungi is not productive for toxins and is
harmless to the plant. Bio-fertilizers increase
the efficiency of the use of phosphate
fertilizers and make them more effective
compared to biological inoculation alone or
chemical fertilizer alone where the result is
more balanced nutritionally and bio-fertilizers
with chemical once increase availability of
N.P.K elements for plants. Therefore, the
modern research has directed to the use of this
technology, phosphorus is one of the important
elements that determine the growth and going
of the plant in the effective direction of
production especially after the appearance of
modern  hybrids which need different
requirements of phosphorus, so it needs a
continuous change in the addition of
phosphorus element in terms of quantity and
dates, determining the appropriate quantities of
fertilizers and increasing the efficiency of
plant absorption Especially after the rise in
fertilizer prices, so it is necessary to discuss
good management of the quantities of added
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fertilizers and achieve maximum benefit from
them because there is no ideal relationship
between the amount of phosphorus in the soil
and its amount inside the plant (Hopkins and
Hansen, 2019), phosphorus enters the
synthesis of DNA and synthesis of energy
reactions enzymes that important in the
process RNA nucleic acids and in the of
respiration and photosynthesis and in energy-
rich bonds such as ATP and ADP and in the
synthesis of phospholipids that form with
protein cell membranes, and has importance In
encouraging root growth (Hasan, 2015), and
phosphorus  deficiency is one of the
determinants of crop production, and the
activity of microorganisms has an important
role in the readiness of phosphorus in the soil
for absorption by the plant and the efficiency
of phosphorus absorption in the rhizosphere
area can be increased by reducing soil pH or
using organic acids especially in basic soils,
the rhizosphere is also expanded by increasing
root growth and these techniques increase the
effectiveness and efficiency of plant
absorption (Hopkins et al., 2014). In general,
mineral fertilization increases the percentage
of nutrient elements in the vegetative parts and
then fruits, in addition to its importance in
increasing the diameter and area of the roots
(Khudhair  and Abdulrasool, 2023).
Brassinostiroids is one of the new hormones
which are composed from complex mixture of
fats and exist in a free form or related with
sugars, proteins or fatty acids and these
compounds are important in plant growth and
development through their effect on the
growth, elongation ,cell division,
differentiation of the wvascular system
,formation of transverse roots, construction of
wall components and cell membranes,
resistance to stresses and the construction of
DNA and RNA (Belkhadir and Chory, 2006)
and because of the importance of this hormone
for the plant in reducing environmental
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stresses which the plant is exposed from the
change in temperature and soil salinity in Iraq,
it was used in research. because of increasing
the demand for industrial potatoes by factory
owners  varieties  with  manufacturing
specifications have been introduced to be used
in the manufacture of chips, but these varieties
are flawed for their low production compared
to consumer once, The most important
characteristic of industrial hybrids is that they
contain a high percentage of starch and dry
matter and lower percentages of sugars
compared to consumer hybrids (Boesch,
2012). Therefore, the study aimed to find out
the effect of bio-fertilization, phosphate and
spraying with a growth regulator Brassinolide
in absorbing nutrients and improving
qualitative traits.

MATERIALS AND METHODS

This study was carried out at south-west of
Baghdad for the fall 2021 and spring 2022
seasons on the industrial potato crop of the
Arsenal. The experiment was conducted as a
three factors experiment using randomized
complete plot design within Split Plot
arrangement. The biological factor was within
the main plots and the interaction between the
composting levels of phosphorus and the
Brassinolide within the sub plots, 36
treatments (4 x 3 x 3) with three replicates and
108 experimental units. The agricultural
operations were carried out on the field
including plowing, leveling, and smoothing.
The land was divided into experimental units
with a length of 1.75m and a width of 2m,
which equals an area of 3.5m2 Each unit
includes two rows for cultivation, spaced 1m
apart, with a distance of 0.25m between plants.
This results in an average of 7 plants per row,
or 14 plants per experimental unit. The

biological factor included two types of
fertilizers: Aspergillus niger and Bacillus
Megaterium, symbolizing the treatment

without Bio-fertilizer (Ao), Aspergillus niger
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(A1), Bacillus Megaterium (A2), and a
combination of them (As) Microbiological
isolates and mixed with peatmoss with a
biodiversity of 810, which were added at a rate
of 20 grams of biomaterial for each plant with
soil, adding 800g of organic matter for each
experimental unit and a fixed quantity of
poultry residues for all treatment. The second
factor is fertilization with phosphorus and
includes three levels (0, 100, 200) kg P,Os ha
as recommended (Ali, 2012) and symbolized
by Po, P1, and P2 respectively, the amount of
phosphate fertilizer added on a single batch
after five days from planting, The third factor
includes three levels of growth regulator
Brassinoslide (0, 0.1, 0.2) mg L?! and
symbolized by BLo, BL;, and BL>
respectively, sprayed with three, first sprinkles
after the emergence of 15 days the second and
third sprinkle at a rate of 15 days. Nitrogen
and potassium fertilizer were added in the two
batches the first batch was 50% nitrogen after
the emergence on 10 days with the addition of
25% of recommended potassium fertilizer and
after 20 days from the first batch the remaining
nitrogen fertilizer was added with 50% of
potassium fertilizer, The remaining potassium
fertilizer was added after 15 days from the
second batch of nitrogen fertilizer and all
experimental units were added equally (250
nitrogen and 300 potassium) kg ha' as
recommended (Ali, 2012). The Gestate
program was used in statistical analysis and
averages for all the study indicators were
compared by little significant difference
(L.S.D) at 5%.

RESULTS AND DISCUSSION

1. Concentration of mineral elements N, P,
K, Fe in leaves: The results of Table (1)
shows the superiority of the As bio-fertilizer
treatment by recording the highest value of the
nitrogen, phosphorus and potassium in the
leaves for both the fall and spring seasons
respectively it was amounted 1.26, 1.23 and
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0.40, 0.44 and 1.67, 1.68 % respectively and 1.58, 1.59% and 107.61, 114.00 ppm, and

the A; treatment was characterized by spraying with growth regulator Brassinolide
producing the highest value in the iron significantly affected in the concentration of
concentration of the leaves for the fall season the elements in leaves as the BL. treatment
and the Az treatment for the spring season it is had the highest nitrogen value of 1.23% for the
amounted to 125.07 and 124.19 ppm fall season and the BL: treatment produced the
respectively, compared to the Ao treatment highest value in the spring season amounting
which had the lowest value of nitrogen, to 1.19% and the BL; treatment produced the
phosphorus, potassium and iron for both highest value in the phosphorus and iron
seasons it's amounted to 1.17, 1.13 and 0.27, percentage for both seasons amounting to 0.36,
0.28 and 1.52, 1.57% and 95.40, 102.26 ppm 0.39 % and 116.29, 122.11 ppm, and the same
respectively, and the phosphate fertilization treatment had the highest potassium value of
treatment P> was also characterized by 1.64% for the spring season. There was no
produced the highest concentration of significant differences for spraying with
nitrogen, phosphorus, potassium and iron in Brassinolide for the percentage of potassium in
leaves and amounted to 1.25, 1.20 and 0.39, the fall season compared to the BLo treatment
0.42 and 1.64, 1.65% and 119.08, 124.19 ppm which produced the lowest value In the
compared to the Po treatment which had the content of leaves of nitrogen, phosphorus,
lowest value to those indicators for both fall potassium and iron amounted to 1.12, 1.16 and

and spring seasons respectively and it's 0.34, 0.36 and 1.60, 1.60% and 110.50 and
amounted to 1.19, 1.16 and 0.31 , 0.33 and 113.42 ppm.

Table 1. Effect of biological and chemical fertilizers and brassinolide in absorbing elements
and some qualitative traits in leaves and tubers of potato plants

the fall season 2021 spring season 2022
%
o, o, o, [0) (o)
%N %P %K Fein 24y % % oy op ok Fein 29 gtarch %0
. . . matter starch proteln . . . matter . proteln
T in in in leaves in in in in in in leaves . in

leaves leaves leaves m leaves leaves leaves m
(ppm) (ppm) tubers tubers

tubers tubers tubers
tubers

Ao 117 027 152 9541 1934 1323 148 113 0.28 157 10226 20.90 14.63 1.56
As 124 036 163 12507 1950 13.38 160 1.18 039 1.63 12419 2134 15.02 1.73
Az 122 038 161 11100 19.47 1335 15 118 039 161 119.82 21.36 15.03 1.72
As 126 040 167 12422 19.85 13.69 166 123 044 168 129.04 2148 1514 1.78

I;(ED 002 001 005 254 NS NS 006 001 001 002 330 046 041 0.07

Po 119 031 158 107.61 19.24 13.14 152 116 033 159 11400 20.86 1459 1.63
P1 122 036 160 115.08 19.55 1342 158 118 039 163 11828 21.40 15.07 171
Ps 125 039 164 119.08 19.83 13.67 162 120 042 165 12419 2155 1521 175
LS.D 001 001 002 202 030 026 003 001 001 002 29 032 028 0.03

0.05
BLo 121 034 160 11050 1924 13.15 154 116 036 1.60 11342 21.14 14.84 1.66
BL: 123 036 161 116.28 1957 1344 158 119 039 1.64 12211 21.17 1486 1.70
BL. 123 036 161 11500 1981 1365 160 1.19 038 1.63 12094 2150 1516 1.72

';('E'D 001 001 NS 202 030 026 003 001 00L 002 290 032 028 0.03

Table (2) shows the significant effect of potassium for both fall and spring seasons and
bilateral interaction between Bio-fertilizers it’s amounted to 1.30, 1.27 and 0.44, 0.39 and
and phosphate treatments as the AsP 1.73, 1.72% respectively The same treatment
treatment had the highest value in the also produced the highest iron concentration in
percentage of nitrogen, phosphorus and the leaves for the spring season amounting to
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134.44 ppm and the AP treatment had the
highest iron value for the fall season of 128.67
ppm, while the AoPo treatment produced the
lowest value in the leaves of the elements
concentration for both seasons amounted to
1.15, 1.12 and 0.21, 0.23 and 1.48, 1.52% and
87.78, 97.44 ppm respectively. The treatment
of bilateral interaction between Bio-fertilizers
and spraying with growth  regulator
Brassinolide had a significant effects as the
AsBL; treatment had the highest value in the
leaves of phosphorus and potassium
concentration for both seasons that reached to
0.41, 0.46 and 1.68, 1.70% and the same
treatment produced the highest nitrogen
percentage in the leaves for the fall season and
the highest percentage of iron for the spring
season it's amounted to 1.26% and 132.68 ppm
and the AzBL.> treatment produced the highest
nitrogen value in the spring season of 1.24%
The AszBL: treatment had the highest iron
concentration in the leaves amounting to
126.68 ppm for the fall season, while the
AoBLo treatment produced the lowest
percentage in the leaves for both seasons of
nitrogen, phosphorus, potassium and iron
concentration that reached to 1.16, 1.12 and
0.26, 0.26 and 1.51, 1.54% and 90.89, 96.56
ppm, also phosphate fertilization and spraying
with Brassinolide had a significant effect to
the leaves content of elements as the P2BL:
treatment had the highest value of phosphorus,
potassium and iron in the leaves for both two
seasons amounted to 0.40, 0.43 and 1.64,
1.66% and 12150, and 126.80 ppm
respectively, while the P>BL. treatment had
the highest value of nitrogen for both seasons
1.26 and 1.21% respectively, compared the
PoBLo treatment which had the lowest value
for the leaves content of nitrogen, phosphorus,
potassium and iron for both seasons that
reached to 1.17, 1.14 and 0.30, 0.31 and 1.56,
1.56% and 103.25, 108.08 ppm
respectively. The results of Table (3) show the
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effect of triple interaction between the study
factors. Bio-fertilizers, phosphate and spraying
with Brassinolide had a significant effects on
the leaves concentration from elements, where
the AsP,BL: treatment produced the highest
value of phosphorus, potassium and iron for
both seasons and amounted to 0.45, 0.51 and
1.74, 1.74% and 130.00, 138.67 ppm
respectively. The AsP.BL1 treatment had the
highest nitrogen percentage in the leaves for
the fall season amounting to 1.31% and the
AsP2BL. treatment produced the highest
nitrogen value in the spring season that
reached to 1.30% compared to AoPoBLo
treatment which had the lowest value in the
leaves content of nitrogen, phosphorus,
potassium and iron in the leaves for both
seasons, where reached to 1.14, 1.12 and 0.88,
0.20 and 1.44, 1.46% and 81.00, 91.33 ppm
respectively.

2. Dry matter, Starch and Protein in tubers
based on wet weight: The results in Table (1)
show the significant effects of using Bio-
fertilizers on the qualitative traits of industrial
potatoes as Az treatment showed the highest
value of the protein percentage for both
seasons reaching to 166 and 1.78%
respectively. The same treatment also
produced the highest value of dry material and
starch percentage for the spring season that
reaching to 21.48 and 15.14% respectively.
There was no significant differences for using
Bio-fertilizers in the fall season compared to
treatment Ao which had lowest value reaching
to 1.48 and 1.56% for the percentage of
protein in both seasons and 20.90, 14.62% for
the percentage of dry matter and starch in the
spring season. There was a significant effects
of using phosphate fertilizer as treatment P2
produced the highest value of dry matter,
starch and protein for both seasons reaching to
19.83, 21.55 and 13.67, 15.20 and 1.62, 1.78%
respectively compared to the lowest value
which was for treatment Po that reaching to
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19.24, 20.86 and 13.14, 14.59 and 1.52, 1.63%
for both seasons respectively. The spraying
with growth regulator Brassinolide had a
significant effects on the qualitative traits of
industrial potato in which Treatment BL:
produced the highest value of dry matter,
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starch, and protein that reaching to 19.80,
2150 and 13.65, 15.16 and 1.60, 1.72%
respectively for both seasons while treatment
BLo had lowest value reaching to 19.24, 21.14
and 13.15, 14.84 and 1.54, 1.66% respectively.

Table 2. Effect of Bilateral interaction for biological and chemical fertilizers and
brassinolide in absorbing elements and some qualitative traits in leaves and tubers of
potato plants

fall season 2021

spring season 2022

%N %P %K Fein 29V % o oiotein %N %P %K Fein 24 % %

T in in in leaves ma}tter sta}rch in in in in  leaves ma}tter St"’.lmh prgtem
leaves leaves leaves (ppm) in in tubers leaves leaves leaves (ppm) n in n

tubers tubers tubers tubers tubers

Po 115 021 148 87.78 19.05 1298 1.42 112 023 152 9744 2015 13.96 1.47

Ao P1 117 027 154 9422 1937 13.27 1.49 113 029 159 10467 21.26 14.95 1.59
P 119 033 155 10422 1958 1345 1.52 115 033 161 10467 2129 14.97 1.63

Po 121 034 161 11844 1921 13.12 1.56 116 034 161 11844 2118 14.87 1.69

Ar P1 124 037 161 12811 19.75 13.60 1.61 118 040 1.62 121.78 2131 14.99 1.72
P, 127 037 166 12867 1953 13.40 1.62 119 042 164 13233 2154 1519 1.77

Po 119 0.33 159 103.00 19.54 1342 1.55 116 0.34 159 114.67 21.02 14.73 1.66

Az P1 122 040 161 113.00 1944 13.33 1.56 117 042 161 11944 2150 15.16 1.74
P, 125 042 162 117.00 1943 13.32 1.58 119 043 162 12533 2155 15.20 1.75

Po 121 036 163 12122 19.14 13.06 1.55 118 040 163 12544 21.09 14.80 171

As P1 126 040 166 125.00 19.62 13.49 1.64 122 043 1.69 127.22 2152 15.18 1.78
P 130 044 173 12644 2078 1452 1.78 127 049 172 13444 2183 15.46 1.85
LisD 0.02 002 004 405 0.59 0.53 0.06 0.02 0.02 0.03 581 0.63 0.56 0.06
BLo 116 026 151 90.89 18.67 12.64 1.42 112 026 154 9656 2052 14.28 151
Ao BL: 1.17 028 153 9833 1951 13.38 1.50 114 029 159 106.11 20.86 14.59 1.57
BL, 117 028 153 97.00 19.83 13.67 1.52 114 029 159 10411 2133 1501 1.60
BLo 123 035 162 12311 1956 1343 1.59 116 037 162 11933 2141 15.08 171
A1 BL: 124 037 162 126.67 19.23 13.14 1.58 118 040 1.63 12756 2126 14.94 1.73
BL, 125 036 163 12544 19.70 1355 1.62 118 040 162 12567 2136 15.04 1.73
BLo 121 037 159 107.22 1896 12.90 151 116 038 159 11522 2118 14.87 1.67
Az BL: 122 039 1.61 113.67 19.64 13.50 1.58 118 040 1.62 12211 2129 14.98 1.72
BL. 1.23 039 161 11211 19.82 13.67 1.60 118 040 1.61 12211 2159 15.24 1.75
BLo 124 039 166 120.78 19.77 13.62 1.64 120 042 166 12256 2146 15.13 1.75
As BL:1 126 041 168 12644 1989 13.72 1.66 124 046 170 13267 2125 14.94 1.78
BL. 126 040 168 12544 19.89 13.73 1.66 124 045 1.68 131.89 21.73 15.36 1.80
L'Oi'SD 0.02 002 004 405 0.59 0.53 0.06 0.02 0.02 0.03 581 0.63 0.56 0.06
BLO 117 030 156 103.25 18.94 12.88 1.48 114 031 156 108.08 20.70 14.45 1.60
POBL1 120 032 159 110.33 19.17 13.08 1.52 116 034 1.61 11750 2059 14.35 1.62
BL2 120 031 159 109.25 19.61 1348 1.56 117 034 160 116.42 2128 14.97 1.67
BLO 121 035 160 112.83 19.09 13.01 1.53 116 037 161 11250 2125 14.94 1.67
P1BL1 122 037 160 117.00 19.78 13.63 1.60 119 040 164 12200 21.38 15.05 1.72
BL2 1.23 037 1.61 11542 19.77 13.62 1.60 118 0.39 1.63 120.33 2157 15.22 1.73
BLO 124 038 163 11542 19.69 1355 1.61 118 040 163 119.67 2147 15.14 1.72
P2BL1 126 040 164 12150 19.75 13.60 1.62 121 043 166 12683 2152 15.18 1.76
BL2 126 0.39 1.64 120.33 20.05 13.87 1.64 121 042 1.65 126.08 21.65 15.30 1.77
Li‘sD 002 001 004 350 051 0.46 0.05 0.02 0.02 0.03 503 0.68 0.49 0.05

Table (2) shows the significant effect of
treatments on the qualitative traits as the AsP>
treatment had the highest value of dry matter,
starch and protein that amounted to 20.78,
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21.83 and 14.52, 15.46 and 1.78, 1.85% while
the AoPo treatment produced the lowest value
for all the mentioned traits that amounted to
19.05, 20.15 and 12.98, 13.96 and 1.42, 1.47%
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for both seasons respectively. The bilateral
interaction  between  Bio-fertilizers and
Brassinolide had a significant effect as well on
the qualitative traits for industrial potatoes the
AszBL; treatment had the highest value of dry
matter, starch and protein for both seasons that
amounted to 19.89, 21.73 and 13.73, 15.36 and
1.66, 1.80% compared to the AoBLo treatment
which had the lowest value for all indicators of
the mentioned qualitative traits and amounted
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to 18.67, 20.52 and 12.64, 14.28 and 1.42,
1.56% respectively. The bilateral interaction
between phosphate fertilization and growth
regulator Brassinolide the P2BL. treatment had
the highest value of dry matter, starch and
protein for both seasons that amounted to
20.05, 21.65 and 13.87, 15.30 and 1.64, 1.76%
respectively.

Table 3. Effect of triple interaction for biological and chemical fertilizers and brassinolide in
absorbing elements and some qualitative traits in leaves and tubers of potato plants

fall season 2021

spring season 2022

0.05

%N %P %K Fein 24V % = % o N oip oK Fein R4V % %
. . X matter starch protein . . X matter starch protein

T in in in  leaves . . . in in in leaves . . .
leaves leaves leaves (ppm) in n n leaves leaves leaves (ppm) in n n
tubers tubers tubers tubers tubers tubers
BLo 1.14 0.19 1.44 81.00 18.04 1208 133 112 020 146 9133 1940 1329 1.42
PoBL: 1.15 0.23 150 91.67 19.10 13.02 143 113 0.24 155 101.00 20.03 13.85 1.45
BL, 1.15 0.23 150 90.67 20.02 13.84 151 113 0.25 155 100.00 21.02 14.73 1.53
BLo 1.15 0.26 153 91.67 1851 1250 142 112 0.27 157 98.00 21.11 14381 154
AoP:BL:1 1.17 0.28 154 96.33 19.79 1364 153 115 0.30 159 110.33 21.18 14.88 1.61
BL, 1.18 0.28 154 9467 1982 1366 153 114 0.30 1.60 105.67 2150 15.16 1.61
BLo 1.19 0.32 1,55 100.00 19.46 1335 152 112 0.32 158 100.33 21.04 1475 1.58
P;:BL: 1.20 0.34 1.54 107.00 19.63 1349 153 116 0.34 162 107.00 21.36 15.03 1.66
BL, 1.19 0.33 155 10567 19.65 1351 152 116 0.33 1.62 106.67 21.46 1513 1.66
BLo 1.19 0.33 1.60 115.33 19.24 13.15 155 115 033 160 11433 21.05 1476 1.66
PoBL: 1.21 0.35 1.62 120.33 19.09 13.01 156 1.17 035 162 121.33 21.15 1485 1.70
BL, 1.23 0.35 1.61 119.67 1931 13.21 158 117 034 161 119.67 21.34 1502 1.71
BLo 1.23 0.36 1.62 127.00 20.21 14.01 163 116 038 160 116.67 21.35 15.03 1.71
A1P:1BL:1 1.24 0.38 1.58 130.00 1941 1330 159 1.18 042 164 126.00 21.28 1496 1.74
BL, 1.24 0.37 162 12733 1962 1349 161 118 041 1.63 122.67 21.31 14.99 1.71
BLo 1.26 0.37 165 127.00 19.23 13.14 159 118 0.40 1.65 127.00 21.84 15.46 1.76
Pz:BL: 1.27 0.38 1.66 129.67 19.21 13.12 160 120 043 165 13533 21.34 15.02 1.76
BL, 1.27 0.37 166 129.33 20.15 1396 1.67 120 0.44 164 13467 21.43 15.10 1.78
BLo 1.17 0.33 157 9733 1924 13.15 152 114 0.32 158 105.67 20.95 14.67 1.61
PoBL: 119 034 1.60 106.00 19.51 1339 156 1.17 0.35 1.61 119.67 20.82 14.55 1.67
BL, 1.19 0.32 1.60 105.67 19.87 13.71 158 1.17 035 160 118.67 21.29 1497 171
BLo 1.21 0.39 159 109.67 18.16 1218 145 116 040 158 11533 21.19 1488 1.68
A2P1BL:1 1.23 041 1.61 115.67 19.97 1379 161 1.18 043 162 12033 2151 1517 1.75
BL, 1.23 041 1.63 113.67 20.19 1400 162 117 042 161 12267 21.81 1543 1.78
BLo 1.25 0.41 1.61 11467 19.47 1335 157 118 042 160 12467 2140 15.07 1.73
PsBL: 1.25 0.42 1.63 119.33 1943 1331 158 120 043 164 126.33 2155 1521 1.76
BL, 1.26 042 1.62 117.00 19.41 1330 159 119 042 163 125.00 21.69 1533 1.75
BLo 1.19 036 1.62 119.33 19.22 13.13 154 116 0.38 161 121.00 21.42 15.09 1.72
PoBL: 1.23 037 1.64 12333 1897 1291 154 119 042 165 128.00 20.38 14.16 1.67
BL, 1.22 035 163 121.00 19.23 13.14 157 120 041 1.63 127.33 21.49 15.15 1.74
BLo 1.26 0.39 1.65 123.00 19.47 1336 162 121 0.42 168 120.00 21.35 15.03 1.73
AsP:BL:1 1.26 040 1.67 126.00 19.97 13.79 167 1.24 045 170 131.33 2154 1519 1.80
BL> 1.25 040 1.66 126.00 19.43 1332 163 122 044 169 130.33 21.67 1531 1.80
BLo 1.28 0.43 1.71 120.00 20.62 1437 175 124 046 170 126.67 21.61 1526 1.81
PsBL: 1.31 045 1.74 130.00 20.72 1447 178 129 051 174 138.67 21.85 1547 1.87
BL> 1.30 0.44 1.74 129.33 21.00 1472 179 130 049 172 138.00 22.03 15.64 1.87
L.S.D 0.04 003 0.07 701 103 092 010 0.04 0.04 0.06 1006 1.09 0.98 0.10

Table (3) shows the effect of triple interaction
between the study factors on the qualitative
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traits of industrial potatoes as the AsP2BL>
treatment had the highest value of dry matter,
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starch and protein for both seasons that
reached to 21.00, 21.83 and 14.72, 15.64 and
1.79, 1.87% respectively while the AoPoBLo
treatment produced the lowest value of 18.04,
19.40 and 12.08, 13.92 and 1.32, 1.47%
respectively. Tables (1-3) show the effect of
the study factors in the absorption of elements
and qualitative traits for industrial potato
tubers in both the fall and spring seasons, that
represented in the concentration of nitrogen,
phosphorus, potassium and iron in the leaves
and dry matter, starch and protein in the
tubers, where the study factors showed a clear
effect on the quality indicators of industrial
potato tubers and this may be due to the
positive characteristics of the study factors in
improving  vegetative growth and the
concentration of nutrients in leaves which is
reflected in the quality of the tuberous vyield,
bio-fertilizers has many properties that
increase the plant's ability to absorb elements
and the quality of vyield, which may be
attributed to the positive effect in these
indicators. The bio-fertilizer is represented by
Aspergillus niger and Bacillus Megaterium
bacteria which dissolve minerals and facilitate
unprepared nutrients in the soil solution, in
addition to releasing hormones and semi-
hormones that improving soil properties,
stimulating resistance against pathogens and
overcoming plant stresses (Joshi et al., 2021),
among the hormones secreted by these
organisms are IAA auxins and gibberellins,
which have an indirect role to increase
readiness of plant nutrients (Nagaa et al.,
2023), by improving the vegetative growth of
the plant as a result of its effect on root growth
and absorption of elements and then improving
the yield and nutritional status of the plant and
its qualitative traits. Bio-fertilizers also have
the ability to release siderophores compounds
that work to chelate iron and make it available
for absorption from plants and increase the
accumulation of iron in the leaves Tables (1-3)
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as well as their importance in dissolving
unprepared and fixed phosphates in the soil
(Ab Rahman et al., 2018), and iron is one of
the important elements in improving
qualitative traits and increasing the percentage
of protein in tubers (Al-Dulaimi and Al-Amri,
2020). There is a very important issue among
the characteristics of bio-fertilizers especially
fungal, which is their ability to increase the
growth of the root group, root hairs and other
plant organs from branches and leaves that
increases the efficiency of nutrient absorption
and vegetative growth and as a result, it is
reflected on the carbon structure and the
biological composition of the plant up to the
quality features of the yield (Nazia et al.,
2019), also one advantages of bio-fertilizers is
the secretion a group of enzymes that work to
decompose large organic molecules in the soil
including the Amylase and Pectinase enzymes
in addition to proteins and organic enzymes
these work to release nutrients from organic
matter in the soil and increase their readiness
in the soil solution (Meyer and Ram, 2011),
also have the ability to release many elements
including zinc and potassium (Moreno
Quevedo et al., 2015). Bacteria used in bio-
fertilization also produce Siderophores (Santos
et al., 2014) and some secondary metabolites
compounds and increase ready nutrients in the
soil (Devi et al., 2017).which works to
improve vegetative growth indicators by
increasing the absorption of nutrients which
are positively reflected on manufactured
carbohydrates and important amino acids that
move to the tuberous parts for increasing the
dry matter in tubers and according to that, the
percentage of starch, the percentage of protein
in tubers increases and the effect of fungal
fertilization agrees with (Kalic et al., 2021) in
the absorption of nutrients and some
qualitative traits (Attia et al., 2022; Jain and
Singh, 2015) in improving qualitative traits,
(Ekin et al., 2019; Khalouf et al., 2019) on the
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role of bacterial fertilizer in qualitative traits
and nutrient absorption and in increasing ready
phosphorus in soil. It was also found that one
characteristic of microorganisms is the
increases in the percentage of calcium and
potassium in addition to iron and phosphorus
(Bhatt and Maheshwari, 2020). and these
elements are important in improving the
construction, transportation and storage of
processed carbohydrates in tubers which is
reflected in qualitative traits and have an
active participation in the formation of sugars
and protein (Taiz and Zeiger, 2010). Phosphate
fertilization and the addition of supplemental
fertilizers of nitrogen and potassium may have
a role in improving the quality traits of yield,
nutrient absorption and nutrient absorption
balance nitrogen, phosphorus and potassium
tables (1-3), each of them plays a
physiological and effective role in plant vital
activities such as carbon synthesis, amino
acids and proteins (Huang et al., 2020) and is
reflected in the percentage of proteins in
tubers. Phosphate fertilization has an important
and effective role in the growth and spread of
the root system in the soil (Hailu et al.,2017),
and this increases the possibility of the plant
obtaining nutrients from the soil and
increasing their accumulation in the plant,
which is reflected in its growth and then the
quality of the yield (Fernandes et al., 2017),
and in enzymes of energy reactions for
respiration, carbon synthesis and nucleic acid
synthesis enzymes (Bechtaoui et al., 2021).
The effect of phosphorus on yield quality is
agreed with (Ali and Al-Jothari, 2012; Ali and
Al-Jothari, 2021). Phosphate fertilization
increasing the readiness of these nutrients and
their high concentrations in the plant parts
leads to improving the quality of the
qualitative traits of the plant due to the
importance of these elements in carbon
construction and the production  of
carbohydrates and their transfer to the stored
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parts such as tubers, which is reflected in the
indicators of qualitative traits. or it could be
attributed to the effective effect of the
Brassinolide growth regulator on the
vegetative growth and increases the plant's
ability to tolerate biological and non-biological
stresses and in the organization of
physiological processes, so it was used in the
production of environmentally friendly crops
and sustainable agriculture was increased
(Sharma, 2021), Also its increases growth and
yield due to its importance in elongation and
cell division and increasing plant ability to
tolerance oxidative damage and salt stresses
(Li et al., 2021), on the other hand, it activates
enzymes involved in chlorophyll biosynthesis
and increases the efficiency of carbon
synthesis and carbohydrate synthesis (Siddiqui
et al.,, 2018), and modifies carbohydrate
absorption properties, which indicates to the
integration of growth with the participation of
other hormones (Mdussig, 2005). It was found
that it increases the activity of enzymes
involved in plant biological processes and as a
result, it improves element absorption and fruit
quality (Ali, 2017). Its use on the plants at
different stages of the plant life cycle, whether
the vegetative or fruitful stage, it was found
that external spraying does not only improve
vegetative growth, but also improves the
quality of the qualitative traits of the yield, one
of its most important roles is the growth and
development of the root system (Pacifici et al.,
2015) that is important in absorbing nutrients
from the soil, which increases their
accumulation in  the leaves and then
participated in building a vegetative and root
plant  structure, which increases the
manufacture of nutrients to the extent that they
are surplus to the need of the plant and stored
in the external parts and improves the quality
of the yield, as it was found that it increases
the amino acids in the plant (Yuan et al.,
2012), amino acids are the basis for the
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synthesis of proteins, which increases the
quality of the yield, and increases in dry matter
in tubers leads to an increases in the
percentage of indicators of other qualitative
traits (Abdeldaym et al., 2019), and the role of
Brassinolide in improving qualitative traits is
agreed with (Bideshki et al., 2019; Siddiqui et
al., 2018).
CONCLUSION
Through the study of the two seasons, it could
be conclude that the use of bio-fertilizers for
the combination of the two types and
phosphate fertilization with spraying with a
growth regulator Brassinolide within the levels
used had a positive effect in increasing the
concentration of the leaves, increasing the
elements and improving the qualitative traits
according to the measured indicators of
industrial potato tuber.
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