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Abstract

Two field experiments were conducted at private farm in Ismailia Governorate during two winter seasons of
2017 and 2018 to study the response of potato tuber (Solanum tuberosum L. cv Spunta) to application of humic
substances from different sources i.e, potassium humate (solid HKS and liquid HKL) and humic acid (HA) and foliar
spray with bio-stimulants of., dry yeast, compost tea and seaweed extract. HA combined compost tea in increased
plant height with highest value of 60.3 cm plant®. Humic substances and biostimulants increased, total
chlorophyll, vitamin C, starch and protein with highest value due to HA with combined foliar spray with
seaweed extract. Contents of N, P and K their uptake increased due to HA with or without biostimulants with
highest values due to HA with foliar sea weed extract spray. Humic substances and biostimulants increased soil
available N, P and K after potato harvest. Soil treated with HKS + seaweed extract gave the highest of available N

and P while, HKS + Compost Tea gave the available N.
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Introduction

Potato (solanum tuberosum L.) is the fourth most
important food crop in the world after rice, maize
and wheat in terms of human consumption (Karam
et al.,, 2009 and Kandil et al., 2011). The area of
potatoes in 2014 in Egypt was about, 381000 fed.™
producing about 4.27 million ton (CAMS, 2014). In
recent years, many efforts were done for improving
fertilization systems, with lower fertilizer inputs.
This would improve the quality, productivity and
environmental conondistions. For such purposes,
biostimulant products including some plant extracts,
seaweed, fungi, bacteria or animal hydrolysates,
which contain oligosaccharides, vitamins, humic
substances were used in fertilization, (Cavani and
Ciavatta, 2007). The use of biostimulants to remote
plant growth has been widely studied. some soluble
organic molecules have positive effects on metabolic
processes of plants, due to their particular molecular
structures, (Eyheraguibel, et al. 2008; Morard, et
al. 2011and Khaled and Fawy, 2011).

Biostimulants are usually applied to plants though
foliar spray using a solution. These are not used to
provide nutrition, but to encourage and stimulate
plant metabolism and increase nutrient use
efficiency, or leading to yield increase and quality
improvement, and to reduce the negative impact on
the environment,( Chen, et al. 2003, Tagliavini and
Kubiokin 2006 and Parrado et al. 2008).

Biostimulants improve plant physiology and
nutrition processes, (Selim et al. 2009, Hartz and
Bottoms 2010 and Mora et al. 2010). Humic acids
can stimulate vegetative growth of chicory, increase
root growth of pepper, (Arancon et al. 2003) and
growth of cucumber and tomato, (Atiyeh et al.
2002). Application of biostimulants to leaf

vegetables can increase the chlorophyll content, thus
enhancing the attractiveness for consumers
(Ferrante, et al. 2004).

Using biostimulants to promote plant growth has
recently gained increasing attention worldwide
(Farouk, et al., 2012, Calvo et al., 2014 and Isaac,
2000).

Seaweed (Ascophyllum nodosum Jol.) extracts
,SWE as organic biostimulants is fast becoming
accepted practice in modern agriculture for are used
in sustainable production agriculture. With 15
million Mg being is used an the world in 2006 as
supplementary (FAO 2006). The beneficial effect of
SWE is as a result of many components that work
synergistically. They contain  phytohormones
(Kurepin et al., 2014), nutrients (Zhang and Ervin,
2008), and secondary metabolites as quaternary
ammonium molecules, such as betaines and proline
(Mac kinnon et al., 2010). They are used as a foliar
sprays on many crops including potato (Arafa et al.,
2011, 2012, 2013, Calvo et al., 2014).

Compost tea in and manure tea are water extract
of compost and manure obtained by soaking or
steeping the compost or manure in water. They can
be as either a foliar application or soil application
(YYeggie, 2011).

Potassium humate fertilizer is an effective
organic potash which is useds as fertilizer or a
growth promater quality, and was used on many
crops, (Patil et al. 2010). Humic substances are
hormones-like substances (Pizzeghello et al., 2002),
which improve plant nutrient uptake (Bryan and
Stark, 2003), increase root growth and enhance
enzyme activity (Mikkelsen 2005, Mart, 2007), and
increase yield (Farouk et al., 2012, Rafell and
Pakkish, 2014). (Sanli et al. 2013) found that
exogenous application of leonardite (a concentrated
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form of humic and fulvic acids) increased plant
height, number of tubers per plant, and tuber yield
Arafa et al. (2011, 2012, 2013) found the
application of humic acid increased lettuce plant
growth  vyield total chlorophyll and total
carbohydrates.

The aim of the current investigation was to assess
response of potato (Solanum tuberosum) to (dry
yeast, compost tea seaweed extract) and humic acid
sources.

Materials and Methods

Two field experiments were conducted on a
newly reclaimed sandy loam soil in Ismailia

Governorate  during  winter  2016/2017 and
2017/2018,( Table 1) to study the response of potato
(Solanum tuberosum L. cv Spunta) to application of
humic acid ( as potassium humate or humic acid) as well
as foliar spray with bio-stimulant extract of yeast,
seaweed and compost on soil properties were analysed
according to Page et al. (1982). The experimental
design was a randomized complete block, factorial
(Two factors). Factors and their treatments were (A)
humic forms with treatments of (1) K- humate solid,
soil application (2) K-humate liquid foliar spray and
(3) humic acid. (B) Foliar spray treatments with
extracts of (1), yeast (2) Compost (3) seaweed.

Table 1. Physical and chemical properties of the investigated soil

Course Finesand Silt Clay Texture o.M CaCOs
sand (%) (%) (%) (%) gkg* gkg*
14.25 61.55 5.36 18.84 Sandy loam 7.2 18.9
oH (1:2.5) EC Soluble cations (mmolc L1) Soluble anions (mmolc L)
(dsm?) Ca* Mg** Na* K* HCO crr SO
8.05 1.58 6.18 3.19 4.44 1.99 3.38 6.89 5.53
Available macronutrients (mg kg?)
N P K
40.2 4.18 189

Available nutrients extract ants N: Kcl, P: Na-bio carbonate extract, K: NHs-acetate extract

Compost extract preparation:

Compost extract (compost) was done through three
stages:

1- Preparation: Compost was blended with distilled
water in 1:10 (W/V) dilution ratio, then homogenized

using an aquarium pump for 48 h until extract turned
brown then the extract was filtered using cheesecloth
properties of extract are shown at Table 2.

Table 2. Chemical analysis of compost extract (compost tea)

Soluble macronutrients

EC

Soluble micronutrients

1 pH (mg L) (mg L)
(dSm) N P K Fe Mn Zn
23 7.40 70.0 951 133 125 79 66

* composet : water extract (1 :10 W/V)
Seaweed extract preparation

Three  seaweed  species  (Ascophyllum
nodosum, Laminaria spp and Sargassum sp.) were

Table 3. Main properties of seaweed extract.

extracted by 1:200 (w: v). Analysis of extract is in
Table 3.

Density(g Macronutrients content gL Cytokines. Auxins Free amino
cm?) OMgL? pH N K and Gibberellins acids,
(L) mg kg™
0.633 450 4.5 15 120 600 20.4
Algenic acid (%) Manitol (%0) Water solubility (%) Appearance
12 5 100 Black powder

Yeast extract:
Dry yeast was extracted by water at a ratio of 1:1
(w/w), and then kept overnight at room temperature.

Spraying started one month after the planting and
repeated 3 times at 15 days intervals. Analysis of dry
yeast is in Table 4.
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Table 4. Some components of dry yeast used.
Macronutrients content gkg* Total protein Carbohydrates Auxin, IAA Gibberellin
N P K gkg* gkg! gkg* gkg*
16 1.3 12 103 56.1 5.1 0.3
Vitamin B gkg Glycin gkg* Tryptophan gkg? Lysine gkg*
32.4 311 5.2 43.1

Humic acid was applied in different sources as

follows:

1- Potassium humate a solid powder applied through
soil, with 850 g K-humate, 100 gK Kg?,10g Fe
kg! 9.9 kg! No. Rate of addition as soil
application at 48 kg ha* 3 days after sowing.

2- Potassium humate (25%) as liquid form. The
compound contained 250 g humate L, 58gkL™,

Table 5. Humic acid analysis (plant source)

6g FeL'and 6g total NL* and added at rate of
9.52L ha.%/952 L after dilution with water (1:100 v/v)
at a rate of 1000 L ha', through the foliar spray 21, 55
and 65 after seeding.

3- Humic acid liquid extracted from plant sources
added at rate of 9.52L ha /952 L water within
irrigation system three times after 21, 55 and 65 DAS
and its properties are shown in Table 5.

. Total macro_r;utrlents Humic 5+ Total micronutrients (mg kg™)
Density H (9 kg™) acid (0 ko)
gcm? P N P K (g kg?) 9kg Fe Mn Zn
1.43 7.85 21.6 6.21 66.2 160 450 398 268 83.9

The experiment included two factors as follows:

1. Humic acid sources (HS): (a) Soild Potassium
humate, KHS; (b) Liquid Potassium humate,
KHL and (c¢) Humic acid from plant sources, HA.

2. Foliar spray of bio stimulants used as follow:

Compost tea ( CT) at rate of 119 L / 952 L ha.*!

three times after 21, 55 and 65 DAS.

Yeast (YST) at a rate of 19.04 g L 952 L water ha."

L three times after 30, 45 and 60 DAS.

A) Seaweed (SW) extract at rate 11.9 g L™* /952 L water
ha. /952 L water ha.? three times after 30, 45 and 60
DAS. The control treatment was the treatment which
received only the entire N, P and K doses as
recommended by Ministry of Agriculture.

A non- treated treatment was a treatment which did

not receive any of the mentioned treatment but

received N, P, K doses as recommended by Ministry
of Agriculture.

Planting procedures:

The treated potato tuber pieces were sown in the
ridges at 12to15 cm in
depth on October 9™ and 15™ in both seasons 2017
and 2018, respectively. As recommended by the
Agric. Res. Center, Egypt, Nitrogen fertilizer was
applied as ammonium sulphate (20.5 %) at the rate of
428.4 Kg N hal in three equal splits, after
emergence, two and four weeks later. Phosphorous
and potassium were applied during the preparation in
the form of calcium superphosphate (6.6% P) a rate
of 78.54 kg P ha.” and potassium sulphate (40 % K)
at a rate of 47.6 kg K ha! in two equal splits, 30 and 45
days after sowing (DAS). Agricultural practices for
growing potato were carried out as recommended by
the Ministry of Agriculture.

Sampling and data recorded:

At the developmental stage of 15 leaves,
dated at the active growth period (after 80 days from
planting), a random sample of four plants was taken
from each experimental unit to determine the growth
parameters, i.e. (plant height "cm" and tuber
diameter). In addition, some physiological
parameters like vitamin C and total chlorophyll in the
3 upper fresh leaf (mg g fw).

At harvesting time (115 days from planting), a
representative sample of 10 healthy tubers from each
experimental plot was selected from the larger sizes
to obtain the quality of tuber as follows:

1. Tuber yield.

2. Total Starch content.

3. Crude protein percentage “multiplying total
nitrogen percentage by 6.25 to give the crude
protein content’ (Ranganna, 1977).

4. Vitamin C, Ascorbic acid concentration in fresh
tissues.

5. Total chlorophyll content in fresh tissues.

6. N, P and K content and uptake

Biochemical determination

Total chlorophyll content: Chlorophylls a, b and
their total, were extracted from the blade of the 3™
terminal upper compound leaf of the main stem for
24 hr at laboratory temperature by methanol after
adding a trace from sodium carbonate (Robinson
and Britz, 2000), then photosynthetic pigments were
determined spectrophotometrically (Lichtenthaler
and Wellburn, 1985).

Starch content: Soluble starch content was
determined following Malik and Srivastava (1979).
For of soluble starch,a plan sample of 0.1 g of
ground dry material was homogenized in 80%
ethanol and centrifuged, the residue was retained
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which was repeatedly washed with 80% ethanol to
remove all traces of soluble sugars. The residue was
used for the determination of starch. Five mL of
distilled water and 6.5 mL of 52% perchloric acid
were added to the residue. Extraction of starch with
perchloric acid was carried out at 0 C° for 20 min,
and then centrifuged, and the extract was retained.
The extract for starch (0.1 mL) was determined by
the phenol- sulphoric acid methods using
spectrophotometer as described by Sadasivam and
Manickam, (1996).

Total ascorbic acid (Vitamin C): was determined in
fresh tissues as described by Sattar, (1999)

NPK contents:

Ground dried tuber samples were wet digested
with HCIOs/H2SO4 until the solution was clear,
cooled, and brought to volume at 100 mL using
deionized water and kept for ion determinations.
Total nitrogen was determined by the Kjeldahl
method. Potassium was determined by flame
photometer (Kalra, 1998), and phosphorous was
determined using ammonium molybdate and ascorbic
acid (Cooper , 1977) .

Results and Discussion

Yield and yield attributes

Data in Table 6. Show the effect of humic and
biostimulants addition on plant height, tuber diameter
and tuber yield. Plant highet ranged between 46.6
and 60.3 cm plant® for non treated and the HA +
compost tea treatment, respectively The HA caused
29.4% increase. This is a of humic a positive
response of the humic cids and thier role in supplying
essential nutrients and organic matter for the plant
and improve the growth parameters, (Robert, 2004).
Patil et al. (2010) observed an increase in growth
parameter with an increase in potassium humate. The
effect of foliar spray with biostimulants was can be
arranged as follows: compost tea > seaweed > yeast
> non, effect of humic addition effect was not
stalistically. As for tuber diameter, addition of humic
substances and biostimulants under study increased
tuber diameter. The tuber diameter ranged between
2.45 cm (by non spray) and 4.23 (HA + Seaweed
extract spray giving ) the increase of highest value
was main effect of 72.7% increase. The increases of
tuber diameter as affected by humic addition
treatments were as: HA > KHL > KHS were, 51.8,
43.3 and 34.3%, respectively The average increased
caused by seaweed > compost tea > yeast > control
causing relative increases (63.3, 44.8 and 21.2%),
respectively over the control treatment.

Table 6. Effect of humic and bio addition on plant height, tuber diameter and potato tuber yield

Bio Source (B)

:)?::'?H) YST CT SW mean YST CT SW mean YST CT SW mean
Plant height (cm) Yield (Mg ha?) Tuber diameter (cm)
KHS 548 571 530 55.0 20.81 19.00 20.33 20.64 297 3.07 384 3.29
KHL 486 547 502 514 1435 16.08 20.02 1690 16.90 289 3.69 3.94
HA 525 603 541 556 1822 1958 2472 2083 3.06 388 423 3.72
Mean 520 574 524 17.71 18.24 21.70 297 355 4.00
Non
treated 46.6 12.19 2.45
LSD:- H: ns * el
BIO ** ** **
HxBio ns *x ol

* KHS: solid K- humate, KHL: liquide K- humate, HA: humic acid, YST: yiest, CT: compost tea, SW: sea weed extract

With respect to tuber vyield, the effect was
significant for humic and bio treatments in increasing
tuber vyield from 12.19 Mg ha. ! with control
treatment to the maximum value (24.72 Mg ha.™})
obtained owing to the treatment of HA when potato
plants sprayed with seaweed extract and giving an
increase of 103%. The relative increases for humic
substances were: 70.9, 64.6 and 38.0% for HA, KHS
and KHL, respectively, and 78.0, 49.6 and 45.9% for
seaweed, compost tea and yeast, respectively.
Siddique, et al. (2008) suggested that the use of
compost tea would be beneficial and safe a in
increasing plant growth. Increasing growth by
improving nutrient availability and promoting plants
cation exchange capacity (Ingham, 2005). The role
of dry yeast in increasing the growth parameters may

be due to the content of yeast to essential nutrients
and production of some growth regulators such as
Auxin and Gibberellin and cytokinin, which
stimulate biological processes in plants and
increasing plant growth, Twfig (2010). These results
are in agreement with those obtained by (Sarhan et
al., 2011 and Kahlel, 2015).

As a conclusion of the previous results, the
treatment of HA under foliar spray with seaweed
extract was superior to the other treatments in
increasing tuber diameter and tuber yield, while the
treatment HA+ compost tea was superior to the other
treatments in increasing plant height.

Tuber quality
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The effect of humic substances and biostimulants
on tuber quality is shown in Table 7 contents of
chlorophyll (a+b), vitamin C and starch increased by
the applied treatments. The better impact of
biostimulants may be explained as; 1) All
biostimulants containing a considerable amount of
micro and macro-nutrients, which are required for
chlorophyll biosynthesis (Murillo et al., 2005
Sridhar and Rengasamy, 2010),. In a study on
responses of plants to with seaweed extract, Jannin
et al., ( 2013) attributed the increase in chlorophyll

content was owing to an increase in the biogenesis of
chloroplasts.

The highest total chlorophyll, vitamin C and
starch contents were obtained with humic acid in
presence of seaweed extract as foliar spraying with
increases of 83.1, 46.3 and 15.9%, respectively. This
is an indication of the positive effect on caused by
the plant growth contained in the humic substances
and seaweed extract, (Kurepin et al. 2014). Seaweed
extract contains a number of betaines and betain
analogues which enhance plant growth (Mac kinnon
et al., 2010).

Table 7. Effect of humic and bio addition on chlorophyll (a+b), tuber vitamin-C,and starch content

Bio Source (B)

Humic YST CT SW mean YST CT SW mean YST CT SW mean

form (H) Total chlorophy |, Tuber Vitamin C 1
100 mg g* 100 mg g* Starch g kg
KHS 51.7 62.2 70.8 54.7 131 13.7 15.3 13.2C 137 139 146 141C
KHL 46.9 55.4 61.4 54.6 12.7 13.2 14.6 140B 135 137 141 138 B
HA 57.2 68.3 75.8 67.1 13.9 15.0 17.7 159A 138 141 153 144A
M 519C 62.1B 69.3A 13.2C 140B 159 137C 139B 147A
ean A

Non 41.4d 12.1d 132 ¢
treated
LSD:- H: ok *x fal

BIO ** ** **

HxBio *x * *x

Seaweed extract was reported to increase chlorophyll and vitamin C and seaweed extract >

chlorophyll content in the treated plants (Arafa et
al., 2011 and Jannin et al., 2013). The second
highest increases were obtained by the plants sprayed
with seaweed extract in presence of potassium
humate as soild phase (KHS). Potassium in K-
humate was reported to increase the number of cells
leaf! and the number of chloroplasts cell* which
increase the photosynthetic pigment concentrations,
(Pizzeghello et al., 2013).

As for humic substances, the increases followed
the order: HA > KHS > KHL for total chlorophyll
and starch, and well as HA > KHS > KHL for
vitamin C.

With regard to biostimulants, the order was:
seaweed extract > compost tea > yeast for total

compost tea > yeast.
Protein content

Protein content increased by addition of humic
substances and foliar spraying with biostimulants
Table 8. The trend followed the same for chlorophyll
and starch hence, the treatment of HA + foliar spray
with seaweed extract was superior to the other
treatments followed by the treatment of KHS +
seaweed extract. These increases reflect the effect of
the non-symbiotic bacteria present in the
biostimulants with beneficial effects on roots
enhancing Ny—fixation and mineral uptake, and
increasing the chlorophyll content (Table 7) which,
in turn, promoted the synthesis of more
photosynthetic required for tuber protein formation.
(Abd EI-Nabi et al. 2016).

Table 8. Effect of humic and bio addition on potato tuber protein content,N content and N-uptake

Bio Source (B)

EL::]"?H) YST CT SW mean YST CT SW mean YST CT SW mean
Protein content (%) N- content (%) N- uptake (Kg hal)
KHS 823 838 925 862 132 134 148 138 2713 2547 2975 2745
KHL 786 777 869 811 126 124 139 130 1789 198 276.1 217.7
HA 887 850 933 890 142 136 149 142 257 264.2 366.5 295.9
Mean 832 822 9.09 133 131 145 2359 238 314.2
Non
treated 7.31 1.17 141.4
LSD:- H: *x *x il
BIO *%* ** **
HXBIO ** *%* **
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As for humic substances, the increases followed
the order: HA > KHS > KHL. The relative increases
were 21.8, 17.9 and 10.9% for HA, KHS and KHL,
respectively. With regard to biostimulants, the order
was: seaweed extract > compost tea > yeast causing
24.4,12.4 and 13.4% increases, respectively.

NPK uptake

Results of N-content and uptake in Table (8)
as well as P and K contents and uptake in Table (9)
Show that values of content and uptake followed the
same trend of that observed for protein content
hence, the values were significantly increased duo to
the treatments effect. Highest increases for N, P and
K contents (27.4, 87.0 and 17.3%), respectively and
(159, 276 and 138%) for N, P and K uptake,
respectively were obtained due to the addition
treatment of HA and foliar spraying with seaweed
extract over the control treatment (fertilized with N,
P and K recommended only).

Statistically, the increases in N and K-
uptake as affected by humic substances followed the
trend of: HA > KHS > KHL within insignificant

differences between HA and KHS effect with (109,
93.6 and 54.0 increases over the control value,
respectively for N-uptake) and (98.2, 83.9 and 52.7%
increases, respectively for K-uptake), while the order
was: HA > KHS > KHL for P-uptake causing (195,
158 and 96.6% increases, respectively) over the
control treatment.

As for biostimulants effect, the increases
followed the trend of: seaweed extract > compost tea
> yeast within insignificant effect among compost tea
and yeast for N and K-uptake values giving 122, 68.4
and 66.8% increases, respectively for N-uptake and
104, 67.0 and 64.3% increases, respectively for K-
uptake as well as the order: seaweed extract >
compost tea > yeast within insignificant effect
between compost tea and yeast for P-uptake values
with 209, 123 and 118% increases, respectively over
the control treatment.

As well as, the combinations effect between
H x bio on all data was show the significant effect
between them for all measurements under study
except, for their effect on plant height and starch
content.

Table 9. Effect of humic and bio addition on P contents and uptake by potato tuber

Bio Source (B)

;')‘::]"E’H) YST CT SW mean YST CT SW mean
P- content (%) P- uptake (Kg ha)
KHS 0.35 0.34 0.40 0.36 72.83 63.78 80.92 72.51
KHL 0.31 0.30 0.37 0.33 43.79 48.08 74.02 55.30
HA 0.39 0.37 0.43 0.40 70.92 71.88 105.67 82.82
Mean 0.35 0.34 0.40 62.59 61.17 86.87
Non
treated 0.23 28.08
LSD:- H: b o
BIO **% **
HxBio * el
Table 10. Effect of humic and bio addition on K contents and uptake by potato tuber
Humic Bio Source (B)
form (H) YST CT SW mean YST CT SW mean
K- content (%) K- uptake (Kg ha)
KHS 2.46 2.44 251 2.47 506.94 461.72 504.56 491.07
KHL 241 2.42 2.50 2.44 342.72 385.56 495.04 407.78
HA 2.55 2.51 2.58 2.55 461.72 487.9 633.08 527.57
Mean 2.47 2.46 2.53 437.92 445.06 545.02
Non
treated 2.20 266.56
LSD:- H: * fal
BIO ** **%
HxBio  * o

Soil available N, P and K after harvest

Data presented in Fig 1, show the available N, P
and K (mg kg?') content as affected by the used
treatments and their combinations on the studied soil.
Data revealed that available N, P and K increased as
affected by the addition of humic substances and
foliar spraying with biostimulants. Awvailable N
ranged between 40.1 to 47.1 mg kg™. Available P

ranged between 4.01 to 4.77 mg kg*. Available K
ranged between 156 to 214 mg kg* for humic
substances addition in combination with different
biostimulants. The soil treated with HKS + seaweed
extract gave the highest values of available N and P
contents while, the soil treated with HKS + Compost
Tea gave the highest value for available N content.
The used humic substances could be arranged

Annals of Agric. Sci., Moshtohor, Vol. 56 (4) 2018



Effect of humic substances addition and foliar spraying with biostimulants on

1127

according to their effects in the following descending
order: HKS > HA > HKL > control for available N
and P contents and HKS > HKL > HA > control for
available K content. As for bio stimulants addition,
the order was: Compost Tea > Seaweed > Yeast for
available N content and the order was: Seaweed >

The production of organic and inorganic acids as
a result of the microorganisms activities must have
contributed to a decrease in soil pH which produce
more chelating ions, leading to an increase in
available forms of elements in the rhizosphere zone.
These results are in agreement with those obtained

Compost Tea > Yeast for available P and K content. by Ewees and Abdel Hafeez (2010).
Available-N Available-P
50 5
= 40 - 4
¥ »
tén )
= 30 V| £ 3
z o
9 9
z 3
H 20 = 2
H >
< <
10 1
X
0 0
Control Yeast Compost Seaweed Control Yeast Compost Seaweed
Tea Tea
% Humate-K, solid 40.1 4.2 46.2 471 % Humate-K, solid 401 449 449 477
OHumate-K, liquid 42.6 42.8 431 DOHumate-K, liquid 423 422 446
1 Hmic acid 42.8 45.9 43.6 B Hmic acid 427 436 451
Available-K
20
- 200 | 1 \ 7
¥ ; : o —
E 160 |7 : i
x A i C —
2 120 |7 5 ‘
5 X
E; P —
Z 80 :
a0 X B
0 & —
Control ‘ Yeast Compost Seaweed
Tea
[ M Humate K, solid | 156 | 205 214 | 210
VI:| Humate-K, liquid‘ } 203 206 ‘ 211
® Hmic acid | 193 199 | 20,

Fig. 1 N, P and K contents (mg Kg™) in soil after harvest as affect by addition treatments

Hussein and Hassan (2011) indicated that humic
acids are important soil components that can improve
nutrient availability and have impact on other
important chemical, biological, and physical
properties of soils. Nasef, et al. (2009) reported that
the applied bio-fertilizer resulted in reduction of soil
pH due to various acids (amino acids such as glycine
and cysteine as well as humic acid) or acid forming
compounds and active microorganisms released from
the addition of organic materials and bio-fertilizer
hence increase nutrients content in soil.

The corresponding relative increases as affected
by KHS, KHL and HA were 14.5, 6.73 and 9.98%,

respectively for available-N, 14.2, 7.48 and 9.23%,
respectively for available-P and 34.6, 32.7 and
26.9%, respectively for available-K as compared to
control treatment.

Conclusion

There is more promise for the use of non-
chemical approaches in crop production in the light
of the recent shift towards organic farming and
growing public concern to minimize the use of
chemicals. This particular potential widens the scope
of biostimulants for use in other crops also. The
results of this study showed that foliar spray of
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seaweed extract plus humic acid enhanced
potato growth, yield and improved tuber quality of
potato plants.

The promotive effects of biostimulants on plant
growth are not fully clear, although there are some
theories which probably work together, and can be
summaried:

1) Biostimulant's effects on physiological
processes in plants like macro- and micro- nutrient
uptake, cell elongation, enzymatic activity and
protein synthesis and finally activation of biomass
production (Calvo et al., 2014, Rady and
Mohamed, 2015). In this concern, biostimulants
increased ion percentage, in special, phosphorous,
which play an important role in the biosynthesis and
translocation of carbohydrates and stimulation cell
division as well as formation of DNA and RNA
(Taiz and Zeiger, 1991).

2) Activate root cells and stimulate the
biosynthesis of endogenous cytokinin (Schmidt,
2005). Cytokinin are known to promote cell division,
inhibit leaf senescence by blocking export of
photosynthate to new tissue and stimulating
translocation of resources to treated leaves.

3) Altering hormonal balance and favor cytokinin
and auxin production (Stirk et al., 2004, Schmidt,
2005 for Seaweed extract and Pizzeghello et al.,
2002 for humic substancis),

4) Stimulation the biosynthesis of ascorbic acid,
at-tocopherol and carotenoids in chloroplasts which
protect photosynthetic and stimulation of chlorophyll
biosynthesis (Zhang and Schmodt, 2000).

5) Stimulation of chloroplast development and
enhancing phloem loading and delay senescence
(Demir et al., 2004).

6) Enriched content of seaweed extract in crude
protein and growth promoting hormones, in special,
auxin and cytokinin (Abdalla, 2015). Proteins are
essential for the formation of protoplasm, while
growth substances favored rapid cell division and
cell multiplication as well as elongation.
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