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Abstract: This study was performed to evaluate the application of humic substances with N, P and K fertilizers
on growth and quantity and quality yield and nutritional status of potato (Solanum tuberosum, L. cv Spunta)
grown on sandy soils. So, field experiment was carried out at the experimental farm of the Agricultural Research
Station, National research center, El-Nubaria district, Egypt during the two early growing seasons of summer
2020 and 2021. Humic substances were extracted from the compost, which was made from vegetable farm
wastes.  Extraction  and  purification  of  humic substances from compost were based on the traditional
extraction method (International humic acid substances society, IHSS- N method). The used experimental2

design was a split-plot design with three replicates. Main plots were assigned to the two rates of humic
substances  (25  and  50 L fed ).  While,  sub  treatments  were  presented  three  minerals fertilization levels1

(100, 75 and 50 %), 100 % recommended chemical NPK fertilizer dose which is 200 kg N, 45 kg P O  and 85 kg2 5

K O fed  as recommended by Ministry of Agriculture. The results showed that increasing the addition doses2
1

of humic substances from 25 to 50 L fed  led to a significant increase in growth and yield parameters with an1

increase in mineral fertilization rates from 50 to 100%. The use of 100% mineral fertilization gave the best values
obtained  from  the  chlorophyll  content  of  the leaves and the starch and protein content of the tubers, but
with the increase in the rates of humic substances used from 25 to 50 L fed . Addition of humic substances1

(50 L fed ) to 50% and 75 % of mineral fertilization positively increased N, P and K content of potato tubers1

at two seasons of growth. it can be said that it is possible to reduce the total cost and reduce environmental
pollution as a result of excessive mineral fertilization and thus more profitability with the use of humic
substances, especially at a rate of 50 liters per feddan with irrigation water.
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INTRODUCTION usually have molecular sizes smaller than those extracted

Potato (Solanum tuberosum, L.) is one of the does not allow the formation of humic acids of high
important vegetables in Egypt for both local consumption molecular weight, because the humification time is too
and exportation [1]. Potato is a major source of short for the synthesis of poly condensed molecules.
inexpensive energy; it contains high levels of There are several methods for extraction of humic
carbohydrates, the predominant form of this carbohydrate substances, using different extraction reagents because of
is starch and amounts of vitamins B and C [2]. the contact air with humic substances material under

The recycling of waste by composting is a promising alkaline condition, a new method like international humic
solution and has become the aim of waste managers the acid substances society (IHSS) was established [4].
world over during composting, part of the organic matter Humic substances are organic materials formed and
is mineralized to yield carbon dioxide, ammonia and water, manufactured during the process of physical, chemical
while the remainder is transformed into humic substances and microbiological transformation of various wastes,
[3]. Interestingly humic acids from mature compost whether  animals  or  plants.  Humic substances consist of

from fossil or soil samples. This is because composting
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some elements and are essential in their composition, treatments were presented three minerals fertilization
namely carbon, hydrogen, oxygen, nitrogen and sulfur. levels (100, 75 and 50 %), 100 % recommended chemical
Humic substances can be divided into three components: NPK fertilizer dose which is200 kg N, 45 kg P O  and 85 kg
humic acids, fulvic acids and humin. One of the most K O fed  as recommended by Ministry of Agriculture.
important parts of humic substances is humic acid. Humic A random sample of four plants was taken from each
acid and fulvic acid represent alkali-soluble humus experimental  unit  to  determine  the growth parameters,
fragments, humin represents the insoluble residue [5]. i.e. (plant length "cm" and number of leaves). 

Humic substances played an important role in At harvesting time (115 days from planting), a
various agricultural activities, as they have an effective representative sample of 10 tubers from each experimental
role on the physical and chemical properties of soil and its plot was selected from the larger sizes to obtain the
fertility [6] and [7]. The humic substances affect the quantity and quality of potato yield (number of tubers,
growth of plants [8] and [9] and the quality and quantity tuber weight, length and diameter).
of productivity of different agricultural crops [10, 11]. To determine N, P and K concentrations in tuber

The paper aimed to extract humic substances from tissues of potato, samples were taken from each plot,
compost and use it at different rates with different levels dried at 70° and grounded using stainless steel
of mineral fertilization on the growth, yield and nutritional equipment.  From  each sample, 0.2 g was digested using
state of potato plants grown in sandy soil during two 5 cm3 from the mixture of sulfuric (H  SO ) and perchloric
successive growing seasons. (HClO) acids (1:1) as described by [15]. Total chlorophyll

MATERIALS AND METHODS according to Moran [16]. Soluble starch content was

This study was carried out in the Agricultural The data were subjected to the proper statistical
Research Station, National Research Centre, El-Nubaria analysis of split-split plot design using(MSTAT-C
district, Egypt (latitude 30°8/ N and longitude 30°16/ E and Software package). Since the data in both seasons took
mean altitude 21 m above sea level), during the two early similar trends, Bartlett's test was applied and the
growing seasons of summer 2020 and 2021to investigate combined analysis of the data was done. For means
the response of potato(Solanum tuberosum, L. cv Spunta) comparison, Least Significant Difference (LSD) at 5% level
to different rates of humic substances and various levels was applied [18].
of mineral fertilization on growth and yield parameters of
potato plants.

Potato pieces were cultivated on 15 February 2020
and 17 February 2021. Spacing between plants in rows
was 0.25 m at two growth seasons. Soil samples were
taken before planting at two growing seasons. Some
physical  and  chemical  properties  at  two   seasons  of
El-Nubaria soil were illustrated in Table (1) according to
Hesse [12].

Humic substances were extracted from the compost,
which was made from vegetable farm wastes. Extraction
and purification of humic substances from compost were
based on the traditional extraction method (International
humic acid substances society, IHSS- N method), this2

method was described by Andelkovic et al. [13]. Chemical
properties of the tested humic substances were measured
according  to the standard methods described by
Cottenie, [14].

The used experimental design was a split-plot design
with three replicates. Main plots were assigned to the two
rates of humic substances (25 and 50 L fed ). While, sub1

2 5

2
1

2 4

was determined in representative fresh leaves samples

determined following Malik and Srivastava [17].

Table 1: Some physical and chemical properties of the soil used

Values
---------------------------------------

Soil properties First season Second season

Particle size distribution (%) Sand 92.32 93.0
Silt 5.68 4.56
Clay 2.00 2.44
Texture Sandy soil Sandy soil

CaCO  (%) 2.11 2.143

pH 7.80 7.70(1:2.5 soil suspension)

EC (dS m ) 1.60 1.921

Soluble caions (mmol L ) Ca 6.02 8.961 ++

Mg 3.97 3.16++

Na 3.64 5.20+

K 2.37 1.88+

Soluble anions (mmol L ) CO - -1 - -
3

HCO 0.64 0.643
-

Cl 4.10 7.82-

SO 6.02 10.744
- -

Available nutrients mg kg N 32.2 28.51

P 4.05 4.00
K 88.6 58.5
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Table 2: Chemical properties of humic substances

N P K Fe Zn Mn
Sample pH EC dSm Organic matter % --------------- % ----------------- ---------------- mg kg  ----------1 1

Humic substances 7.60 1.84 65.2 2.11 1.36 4.27 522 112 245

RESULTS AND DISCUSSION chlorophyll content of leaves and the starch and protein

The results in Table (3) indicate that potato growth two successive growing seasons. The use of 100%
and yield parameters were affected as a result of using mineral fertilization gave the best values obtained from the
humic substances with different levels of mineral chlorophyll content of the leaves and the starch and
fertilization at two growth seasons. Increasing the protein content of the tubers, but with the increase in the
additional doses of humic substances from 25 to 50 liters rates of humic substances used from 25 to 50 liters per
per feddan led to a significant increase in growth and feddan, there was no significant decrease in the quality of
yield coordinates with an increase in mineral fertilization the potato yield with the decrease in the quantities of
rates from 50 to 100%. The addition of humic substances mineral fertilization, especially when 75% of mineral
with irrigation water contributed to reducing the fertilization are used.
quantities of mineral fertilization, as with the decrease in Humic substances have been shown to stimulate
the amounts of mineral fertilization to 50 and 75%, the plant growth and consequently yield by acting on
growth and total yield of potatoes planted in sandy soil mechanisms involved in: cell respiration, photosynthesis,
did not significantly decrease, as a result of the addition protein synthesis and enzyme activities [23]. Improving
of humic substances extracted from compost.It was found potato yield could be related to the increase of soil
that the use of 50 L fed  of humic materials with the use aggregates due to the high content of organic matter in1

of levels of nitrogen, phosphorus and potassium fertilizers humic substances application. The formation of these
up to 75% of the complete mineral fertilization decreased aggregates could protect potato tubers to be covered
the yield by a very small amount, up to 12% of the yield under soil at all growth stages and this could improve
obtained as a result of adding the three mineral fertilizers tubers quality [24].
in the quantities recommended by the Ministry of As shown in Table (5), the differences in means of N,
Agriculture. For this, it can be said that it is possible to P  and K concentration in potato tuber with the addition
reduce the total cost and reduce environmental pollution of  humic substances fertigation were significant.
as a result of excessive mineral fertilization and thus more Addition of NPK fertilizer at the maximum dose (100 %)
profitability with the use of humicsubstances, especially produced the maximum concentration of nutrients in
at a rate of 50 liters per feddan with irrigation water. tubers. Concerning the effect of the addition of humic

Humic substances isolated from compost present substances to low rates of mineral fertilization, the same
higher N and H content than the other sources , probably Table  showed  that the addition of humic substances to
due to the incorporation of N-containing groups and 50 % and 75 % of mineral fertilization positivelyincreased
polysaccharides-like structures, which may be nutrients concentration in potato tubers. The highest
decomposed by microbial activities when the process values of these nutrients were occurred with 100% mineral
takes more time, or even, the type and/or the fertilization plus humic substances followed by 75 %
characteristics of the processes used to stabilize the mineral  fertilization plus  humic  substances  and finally
organic residues [19]. Rizk et al. [20] mentioned that humic 50 % mineral fertilization plus humic substances,
substances are recognized as the most chemically active respectively, at two successive growing seasons.
compounds in soils. Bryan and Stark [21] found that Humic substances reduce other fertilizer
humic acid application with phosphorus fertilization rates requirements, increase yield in crops, improve drainage
led to increasing total yield, marketable yield and gross and increase nutrient content of most crops [25].
return of potato crop. Shankle et al. [22] indicated that the The role of humic substances application is mainly
addition of humic materials to soil increased the total related to the enrichment of nutrients uptake where these
marketable yield of sweet potato than the standard fertility humic substances increase soil cation exchange capacity
program. and can also form aqueous complexes with micronutrient

The data in Table (4) showed the role of adding humic effects were associated with increasing nutrient
substances extracted from compost on improving the total concentration in potato tubers [26].

content of potato tubers grown in sandy soil during the
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Table 3: Effect of humic substances and different rates of mineral fertilization on potato growth and yield parameters at two seasons

Humic substances L fed Mineral fertilization levels % Plant length cm No. leaves No. Tubers Tubers weight kg Tuber length cm Tuber diameter cm Total yield ton fed 1 1

First season

25 50 40.8 59.2 9.51 0.77 6.99 4.99 9.66
75 48.6 62.2 11.3 0.93 7.11 5.23 13.7

100 52.5 63.4 12.7 1.02 8.12 5.89 16.2

50 50 47.5 65.1 12.9 1.22 7.92 5.33 10.5
75 50.2 69.5 14.1 1.40 8.62 6.35 15.2

100 54.1 70.4 15.0 1.48 8.91 6.84 17.3

L.S.D 3.61 4.02 1.20 0.16 0.50 0.61 3.220.05

Second season

25 50 41.2 55.2 8.36 0.69 5.81 4.82 9.72
75 48.3 63.0 10.8 0.89 6.91 5.02 14.5

100 52.0 65.4 12.0 1.00 8.00 5.67 16.8

50 50 45.5 64.3 12.6 1.14 7.90 5.24 10.6
75 51.4 70.2 14.3 1.38 8.63 5.98 15.7

100 55.1 71.8 14.9 1.42 8.96 6.34 17.8

L.S.D 3.60 4.11 1.19 0.15 4.99 0.59 3.200.05

Table 4: Effect of humic substances and different rates of mineral fertilization on potato yield quality at two seasons
Humic substances L fed Mineral fertilization levels % Total chlorophyll (100 mg g ) Starch (%) Protein (%)1 1

First season
25 50 47.5 12.8 9.40

75 52.6 13.1 9.50
100 62.4 13.7 10.2

50 50 53.4 13.0 9.62
75 60.0 13.8 9.75

100 66.2 14.1 10.8
L.S.D 8.40 0.30 0.730.05

Second season
25 50 45.7 12.9 9.33

75 54.2 13.4 9.52
100 64.2 14.1 10.5

50 50 52.1 13.3 9.66
75 61.5 14.4 10.0

100 68.2 15.3 11.1
L.S.D 9.20 0.34 0.800.05

Table 5: Effect of humic substances and different rates of mineral fertilization on N, P and K content of potato’s tubers at two seasons
N P K

Humic substances L fed Mineral fertilization levels % ------------------------------------------- % ------------------------------------------1

First season
25 50 1.09 0.28 2.40

75 1.39 0.30 2.51
100 1.44 0.37 2.52

50 50 1.12 0.31 2.51
75 1.46 0.32 2.58

100 1.58 0.40 2.60
L.S.D 0.10 0.02 0.110.05

Second season
25 50 1.10 0.26 2.39

75 1.44 0.31 2.50
100 1.49 0.39 2.54

50 50 1.11 0.30 2.61
75 1.54 0.35 2.65

100 1.61 0.42 2.71
L.S.D 0.11 0.02 0.120.05
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