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Abstract

The present study was carried out in Homs province, Syria, during the period

from 2021-2022, to study the effect of treatment with humic acid (0, 5, 10

g/l), and foliar application with yeast extract (0, 3, 6 g/l) and their interactions

on growth and productivity of potato plant cv. Sponta. The chemical analysis

was carried out in the laboratories of Faculty of Agriculture, Damascus

University. The study contains 9 treatments and the data was calculated using

Simple Random Design. The combination treatment of humic acid (10 g/l)

and yest (6 g/l) resulted in the best morphological parameters (57.06 cm, 3.50,

150.54 cm? for plant height, stem number/ plant and leaf area respectively),

physiological parameters (22.24 %, 17.25 %, 8.77 % for dry matter, starch,

total soluble solids, respectively), and productivity parameters (3.03, 225.07

g, 30.32 ton/ hectare for tubers number/ plant, tubers weight, productivity).

The lowest values for all studied parameters, however, were obtained in

control plants.
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Introduction:
Potato (Solanum tuberosum L.) is considered as one of the major food sources in the world
(Anonymous, 2008). It is a leading staple food in the world's population (Mona et al., 2012), and
considered as one of the vital cultivated crops in the world besides wheat, rice and corn because of
its importance as a source of minerals, carbohydrates, and vitamins. Potato tuber has a lot of
nutritional energy and protein per unit (McGill et al., 2013). The yearly worldwide potatoes
production is around 368.25 million metric tons, reaped from a territory that came to about 17.580
million hectares (ha) (FAO, 2018). Potato (Solanum tuberosum L.) provides a part of daily caloric
needs of human and delivers many essential nutrients and vitamins including potassium, phosphorus,
manganese, magnesium, folate, vitamin C and vitamin B-6 (Haynes et al., 2012). Moreover, it gives
a bulk dry matter and yield per unit area in comparison with other crops such as cereals, therefore
Potato is considered as a heavy nutrient requiring crop (Bari et al., 2001).
Humic substances which include humic acid and fulvic acid, are among the most complex and
biologically active organic matter compounds in the soil and are known to stimulate both plants and
microbial activities (Canellas et al., 2014). They positively influence root growth, lateral roots
emergence and root hair initiation (Puglisi et al., 2013). Xu et al., (2015) and Suh et al., (2014) treated
potato with different concentrations of HA applied to the soil. They observed increment in tuber
mineral contents, root elongation rate, fresh tuber weight and size. Humates promote plant growth
and physiological activities, activate soil microorganisms (bacteria and fungi) and provide carbon as
a source for the microorganisms. When soils looses part of their nutrients by leaching, humic acid

Bayerli —Syrian Journal of Agriculture Research- SJAR 12(2): 100-109-April 2025


mailto:%20roula.bayerli@damascusuniversity.edu.sy
mailto:%20roula.bayerli@damascusuniversity.edu.sy

101 2025 bl /oleai 109-1002) 12 el il Epall 44y pad) Unal) — L ol

increases nutrient availability such as phosphate, calcium and trace elements. It possesses high
capability in controlling soil pH against changes which might occurs from the use of chemical
fertilizer (Leonard, 2008).

Humates seem to have a particular favorable effect on the nutrient supply. Therefore, the application
of humates was tested as an approach to promote both, the nutrient balance of soils and plant vitality
(Boehme et al., 2005), improve the mineral status of plants and increase the crop yield (Kolota and
Osinska, 2001). Humic substances are generated through organic matter decomposition and employed
as soil fertilizers in order to improve soil structure and soil microorganisms (Halime et al., 2011).
Foliar sprays of these substances promote growth, increases yield and quality in a number of plant
species (Karakurt et al., 2009). Likewise, humic substances have been shown to stimulate shoot and
root growth and nutrient uptake of vegetable crops (Akinremi et al., 2000; Cimrin and Yilmaz, 2005).
Boehme et al., (2005) found that humic acid promotes the uptake of N, P, Fe and Cu of tomato and
other plants.

The bread yeast (Saccharomyces cerevisiae) is a kind of biofertilizers in soil fertilization or in foliar
application (Agamy et al., 2013). Yeast extract is a natural component contains many of the nutrient
elements, which is safe and nonpolluting.

Many studies indicated that yeast is one of the richest source of protein, the essential amino acids like
lysine and tryptophan, and contains the essential minerals and trace elements, namely calcium,
nitrogen, phosphorus, potassium, magnesium, cobalt and iron (Hesham and Mohamed, 2011),
carbohydrates, reducing sugars, enzymes and it is the best sources of the B complex vitamins such as
B1l, B2, B6 and B12 (Khedr and Farid, 2000). Furthermore, yeast extracts contain trehalose-6-
phosphate synthase which is a key enzyme for trehalose bio synthesis (Yeo et al., 2000). Additionally,
yeast contains many nutrient elements and growth regulator compound such as auxins, gibberellins
and cytokinins (EI-Ghamriny e al., 1999). Gomaa et al., (2005) reported that interaction treatment of
yeast and organic fertilization significantly increased the productivity in potato plant. Moreover,
Hussain and Khalaf (2007) found that foliar spray of yeast solution (up to 8 g/l) on potato plant
significantly increased plant height, number of branches/plant, leaves fresh and dry weight, number
of tubers/plant, dry matter percentage of tubers, yield/plant, NPK concentrations in the leaves,
yield/plant and TSS. Sarhan and Abdullah (2010) reported that the treatments with yeast suspension
caused gradual significant increase in plant height, number of aerial stem per plant, leaves area, total
chlorophyll and shoots dry matter percentage. In addition, EI-Tohamy et al., (2008) found that foliar
application of yeast increased cytokinins content especially at the high level of yeast (10 g/l.).
Moreover, yeast is considered as a natural source of cytokinins-stimulates cell division and
enlargement as well as the synthesis of protein, nucleic acid and chlorophyll (Amer, 2004). Many
investigators reported that spraying plants with yeast extract to the organic fertilization significantly
improved plant growth, yield and potato quality (Gomaa et al., 2005; Ahmed et al., 2013). Therefore,
treatments with yeast solution significantly increased plant height, number of tubers, stem and
leaves/plant, yield/plant, total chlorophyll, TSS, tuber length, tuber diameter and dry weight of whole
potato plant (Ahmed et al., 2011; Lazim and Ahmed, 2013). The positive effects caused by the
addition of yeast suspension in improving shoots characteristics might be due to the direct or indirect
effect of the yeast throughout its ability in changing the environment of roots, or because the
development of the yeast after its analysis into wide groups of amino acids and vitamins (Ahmad et
al., 2011).

The extract is a valuable source of bio-constituents especially, cytokinins that work as a readily
available growth supplement for plants that eventually improve plant production (Ghoname et al.,
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2009) increase the productivity of potato plants, improve tubers quality in terms of specific gravity,
starch %, protein %, dry matter % as well as N PK and Zn concentration.

The physiological roles of vitamins and amino acids in the yeast extract increase the metabolic
processes and levels of endogenous hormones, i.e., IAA and GA3 (Sarhan and Abdullah, 2010) which
promote the vegetative growth characters and increase the tubers yield, enhance the tubers quality.
Material and methods:

A field experiment was conducted during summer season of 2021-2022 on sandy, loamy soil of
private farm at Homs province, Syria, to study the effect of humic acid and yeast on growth and
productivity of potato plant cv. Sponta (early variety, drought tolerant, virus resistant, high yield with
oval shaped tubers). Chemical analysis was performed at the Laboratory of plant physiology, Faculty
of Agriculture, Damascus University.

The soil was plowed up to a 35 cm depth, then planted in terraces form with 75x30 cm distance
between lines and plants.

During the experiment period, plants were irrigated and fertilized. Organic fertilizer was added (1
ton/donum) before planting, chemical fertilizers NPK (2 gm/ I) (50 kg/ donm for sodium super
phosphate added 15 days before planting, 1 kg/ donm for urea 46 added 15 days after planting) were
added three times after planting. Cut seedy explants were used as plant material. The soil samples
were taken and analyzed to be described physically and chemically as shown in table (1).

Table (1): The physical and chemical characters of the soil for the year 2022 before experiment
implementation

K20 P20s N | Organic EC pH mechanical analysis
available | available total | matter | Extract5:1  suspended of soil (%)

mg/kg % ds.m* (2.5:1) Clay | silt | Sand

3865 | 4.42 012 | 24 0.65 7.8 52.8 | 18.3 | 28.9

- The treatments:

Humic acid was applied with irrigation water at three concentrations (0, 5, 10 g/l). Yeast was foliar
sprayed at three concentrations (0, 3, 6 g/l).

- The experiment treatments were as follows:

» Un-Treated control.

» Treatment with humic acid at a concentration of 5 g/I.

« Treatment with humic acid at a concentration of 10 g/I.

« Treatment with yeast at a concentration of 3 g/I.

« Treatment with yeast at a concentration of 6 g/I.

» Treatment with humic acid at a concentration of 5 g/l + yeast at a concentration of 3 g/I.

« Treatment with humic acid at a concentration of 10 g/l + yeast at a concentration of 3 g/l.

« Treatment with humic acid at a concentration of 5 g/l + yeast at a concentration of 6 g/I.

« Treatment with humic acid at a concentration of 10 g/l + yeast at a concentration of 6 g/l.

- Treatments (with humic acid and yeast) were applied five times (20, 35, 50, 65 and 80 days after
planting).

- The study included 9 treatments, each treatment was repeated for three time, where, each replicate
contains 10 plants. A Simple Random Design (SRD) was used. Results were analyzed using the
statistical analysis program (XL-STATE, 2016).

- The averages were compared according to fisher's test and calculated the least significant differences
(LSD) at the level 95 % of significance.
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- The Studied parameters:
1) Morphological parameters:
After 90 days of planting, Plant height (cm), number of stems per plant and leaf area (cm?) were
calculated.
2) Physiological parameters:
After 120 days of planting Total Soluble Solids (TSS %) Content in tubers was determined using
digital refractometer.
tuber dry matter (%) was calculated in according to Eshu (2014) as follows:
tuber dry weight / tuber fresh weight * 100
Starch (%) was calculated as follows:
Starch (%) =17.55 + 0.891 (% dry matter — 182.24) (A.0.A.C, 1970).
3) Productivity parameters:
After harvesting (120 day from planting) Tubers number and weight (g) were determined as well as
the total tubers productivity (ton/ hectare).
Results and discussion:
1. Effect of treatment with humic acid and yeast on morphological parameters:
The effect of treatment with humic acid and yeast on growth parameters (plant height (cm), stems
number/ plant and leaf area (cm?)) is presented in Table (2). It was obvious that all tested treatments
improved growth parameters comparing with control. The highest plant height (57.06 cm), stems
number/ plant (3.50) and leaf area (150.54 cm?) were observed in the combination treatment of humic
acid (10 g/l) and yeast (6 g/l). Meanwhile, the lowest values (34.13 cm, 1.97 and 89.50 cm? for the
plant height, stems number/ plant and leaf area respectively) were recorded in control plants.
Humic acid provides nutrients and minerals that involve in plants bioactivities and promote growth
induction (Abdel-Mawgoud et al., 2007; Taha, 2011). It also improve growth of root and shoot
systems (Garcia et al, 2008). The promotion effect of humic acid on growth parameters characteristics
might also be due to the increase of auxins biosynthesis which increase cell division, elongation,
shoot growth, leaves area, plant fresh and dry weight (Gollan and Wright, 2006). Likewise, humic
substances have been shown to stimulate shoot and root growth and nutrient uptake of vegetable crops
(Akinremi, et al., 2000 and Cimrin and Yilmaz, 2005). The positive effects caused by the addition of
yeast suspension in improving shoots characteristics might be due to the direct or indirect effect of
the yeast throughout its ability in changing the environment of roots, or because the development of
the yeast after its analysis into wide groups of amino acids and vitamins (Ahmed et al., 2011).
Moreover, yeast extract is a valuable source of bio-constituents especially, cytokinins, which promote
cell division and increase plant growth (Ghoname et al., 2009).

Table (2): Effect of treatment with humic acid and yeast on growth parameters of potato plant.

Control 34.13 f 197e 89.50 f

Yeast at 3 ¢/l 36.79 ef 2.31d 96.22 e

Yeast at 6 g/l 4141d 2.56 cd 111.04 c

Humic acid at 5 g/l 38.94 de 2.24 de 95.07 ef
Humic acid at 10 g/I 39.64 de 2.50 cd de 106.25 cd
Humic acid at 5 g/l + yeast at 3 g/l 40.33d 2.78 bc 100.44 de
Humic acid at ;?I g/l + yeast at 3 4522 ¢ 276 be 126.84 b
Humic acid at 5 g/l + yeast at 6 g/l 50.06 b 3.06 b 138.63 a
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Humic acid atgl/(l) Ig/I + yeast at 6 5706 a 3503 15054 a
LSD 0.05 2.96 0.34 6.23

*The same letters at the level of columns indicate no significant differences at the 0.05 significance level.

2. Effect of treatment with humic acid and yeast on physiological parameters:

Data presented in Table (3) show The effect of treatment with humic acid and yeast on dry matter
(%), starch concentration (%) and total soluble solids (%). The lowest values (17.07 %, 13.61 % and
6.18 % for dry matter, starch concentration and TSS respectively) were observed in control plants.
Meanwhile, the highest values (22.24 %, 17.25 %, 8.77 % for dry matter, starch concentration and
TSS respectively) were significantly recorded when humic acid (10 g/lI) was added in combination
with yeast (6 g/l).

Humates promote plant growth and physiological activities, induce soil microorganisms bioactivity
and provide carbon as a source for organisms. Humic acid increases the availability of some minerals
in soil such as phosphorus, calcium and trace elements (Leonard, 2008). Moreover, Taha, (2011)
reported that, humic acid is characterized by its high content of nutrient elements provides nutrient
base that increase the absorption of elements by root system, consequently increasing the
concentration of elements in plant organs. The same author reported that Humates can stimulate the
uptake of microelements, by create a positive effect on uptake of N, P, Fe, Cu, Mn ad Zn of some
vegetable plants, consequently increase their concentration in plant organs. Many studies indicated
that yeast is one of the richest source of protein, the essential amino acids like lysine and tryptophan,
and contains the essential minerals and trace elements, namely calcium, nitrogen, phosphorus,
potassium, magnesium, cobalt and iron (Hesham and Mohamed, 2011); carbohydrates, reducing
sugars, enzymes and it is the best sources of the B complex vitamins such as B1, B2, B6 and B12
(Khedr and Farid, 2000). Furthermore, yeast extracts contain trehalose-6-phosphate synthase which
is a key enzyme for trehalose bio synthesis (Yeo et al., 2000). Additionally, yeast contains many
nutrient elements and growth regulator compound such as auxins, gibberellins and cytokinins (El-
Ghamriny e al., 1999).

Table (3): Effect of treatment with humic acid and yeast on

physiological parameters of potato plant.

Treatments Dry matter Starch Total solid sugars
(%) concentration (%) (%)TSS
Control 17.07 c 13.61 f 6.18 f
Yeast at 3 g/l 19.03 b 14.32 ef 6.80 e
Yeast at 6 g/l 19.69 b 15.56 cd 7.87hb
Humic acid at 5 g/l 17.3° ¢ 14.37 ef 7.07 de
Humic acid at 10 g/l 19.26 b 14.89 de 7.47 cd
Humic acid at 5 g/l + yeast at 3 19.25b 14.88 de 7.74 bc
g/l
Humic acid at 10 g/l + yeast at 3 21.19a 16.07 bc 7.99b
g/l
Humic acid at 5 g/l + yeast at 6 21.22 a 16.41b 8.48 a
g/l
Humic acid at 10 g/l + yeast at 6 22.24 a 17.25a 8.77a
g/l l
LSD 0.05 1.29 0.76 0.4

*The same letters at the level of columns indicate no significant differences at the 0.05 significance level.
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Effect of treatment with humic acid and yeast on productivity parameters:
Humic acid application either alone or in combination with yeast significantly increased tubers
number/ plant, tubers weight (g) and productivity (ton/ hectare) (Table, 4), However, the highest
values (3.03, 225.07, 30.32 for tubers number/ plant, tubers weight (g) and productivity (ton/ hectare)
respectively) were significantly observed when humic acid and yeast were added in combination at
10 ¢/l and 6 g/l respectively. On the other side, the lowest values (1.88, 171.86, 14.38 for tubers
number/ plant, tubers weight (g) and productivity (ton/ hectare) respectively) were recorded in control
plants.

The promotion effect of humic acid in enhancing growth characters resulted in increasing of the
productivity characters (tubers number/ plant, tuber weight and yield), this might be due to the indirect
effect of humic in releasing different types of auxins which regulate plant growth, environmental
respond and improve productivity (Jensen, 2004; Taha, 2011). Moreover, the high content of nutrient
elements in humic increase the activity of the microorganisms (Tisdale et al., 1997), improve the
physical and chemical characteristics of the soil and promote plant yield (O’ Dell, 2003).

Many investigators reported that spraying plants with yeast extract to the organic fertilization
significantly improved plant growth, yield and potato quality (Gomaa et al., 2005; Ahmed et al.,
2013).

The extract is a valuable source of bio-constituents especially, cytokinins that work as a readily
available growth supplement for plants that eventually improve plant production (Ghoname et al.,
2009) increase the productivity of potato plants, improve tubers quality in terms of specific gravity,
starch %, protein %, dry matter % as well as N PK and Zn concentration. The physiological roles of
vitamins and amino acids in the yeast extract increase the metabolic processes and levels of
endogenous hormones, i.e., IAA and GA3 (Sarhan and Abdullah, 2010) which promote the vegetative
growth characters and increase the tubers yield, enhance the tubers quality.

Table (4): Effect of treatment with humic acid and yeast on productivity parameters of potato plant.

Tubers Iproductivit
Treatments VB U 06T weight ‘ (ton/ .
i (9/ tuber) hectare)
Control 1.88d 171.86 g 14.38 f
Yeast at 3 g/l 1.98 cd 182.39 f 16.02 def
Yeast at 6 g/l 2.16 bc 193.40d 18.58 cd
Humic acid at 5 g/l 1.96 cd 179.96 f 15.71 ef
Humic acid at 10 g/I 2.09 bcd 189.38 de 17.61 de
Humic acid at 5 g/l + yeast at 3 g/l 2.10 bcd 184.92 ef 17.29 de
Humic acid at 10 g/l + yeast at 3 ¢/l 2.27b 202.99 ¢ 20.44 ¢
Humic acid at 5 g/l + yeast at 6 g/l 2.85a 216.08 b 27.34b
Humic acid at 10|g/| + yeast at 6 g/l 3032 995 07 a 30.32 a
LSD 0.05 0.25 5.35 2.57

*The same letters at the level of columns indicate no significant differences at the 0.05 significance level.

Recommendation:
This study recommends that the combination treatment of humic acid (10 g/l) and yeast (6 g/l)
promote growth, improve physiological characters and enhance the productivity parameters.
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