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ABSTRACT

A pot experiment was carried out at the Experimental Farm of Environ. & Bio-Agriculture Dept,
Fac. Agric., Al-Azhar Univ., Nasr City, Cairo, Egypt, during the summer season of 2022 to study the
impact of some Plants biostimulants (PGPR, AMF, Chlorella extract, EM, and vermi tea) on growth,
chemical composition and yield in Ipomoea batatas L plants. Sweet potato grown organically. Results
could be summarized as follows: All treatments using biostimulants increased all vegetative growth
parameters of sweet potato plant. As for chlorophyll A, B and total chlorophyll, the use of biostimulants,
especially vermi tea (Treatment No. 7), had positive results. As for the chemical properties, treatment 9
(compost with mycorrhiza inoculation, PGPR and chlorella extract gave the best value for carotenoids),
and both treatment 7 (compost & vermi tea) and treatment 10 (compost with mycorrhizal inoculation,
PGPR, chlorella extract and vermi tea) gave the best value. Ascorbic acid value. As for fats, there were
no differences between the control (the recommended dose of chemical fertilizer) and between treatments
5 (compost + chlorella extract), treatment 8 (compost, mycorrhiza, PGPR and vermi-tea). Regarding
protein, treatments 3 (compost with inoculation with mycorrhiza) and treatment 4 (compost with PGPR)
were the best, and treatment 3 was better for fiber. Regarding sugars, treatments 3, 4, 7 and 8 were the
best, and treatment 10 was superior to all treatments in the percentage of starch. As for moisture, the
highest moisture content was using treatment 2 (compost alone), and treatment 10 and it outperformed
all treatments.
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INTRODUCTION

Sweet potato (Ipomoea batatas L.) is a high-
carbohydrate root crop that is also high in protein, fat, calcium,
and carotene. It provides a significant amount of food, animal
feed, and industrial raw materials (Neela, & Fanta 2019). The
crop ranks seventh in worldwide food crop production and
third in root crop production after potatoes and cassava (Fan et
al. 2012 & Hossain 2020). In Egypt, around 31,000 feddans of
sweet potato are grown each year, producing around 450,000
tons (Agricultural Statistics Bulletin 2019).

Biostimulants are natural materials or beneficial
microbes that are added to the soil or plant and give positive
effects on the growth, quantity and quality of the resulting crop.
In addition to this, biostimulants work to resist environmental
stresses to which plants are exposed, such as lack of water, high
soil salinity and high temperatures (Du Jardin 2015 ).
Biostimulants are not fertilizers because they do not deliver
nutrients to plants directly. However, biostimulants may aid
nutrient uptake by promoting metabolic processes in the soil
and plants as well as providing a habitat for the establishment
of arbuscular mycorrhizal fungi that carry nutrients to the host
plant is one example of such an activity (Tavarini et al. 2018).

AM fungi are biostimulants that can be found in all soil
habitats (Al Hadidi & Pap 2020). The fungal hyphae may
obtain the most critical nutrients for the host plants, such as
phosphate, nitrogen, potassium, and sulphate, via several
transporters (Wang et al. 2017 ). With the use of cyanobacteria
as biostimulants, several studies indicate that increased nutrient
availability is not the only mechanism contributing to enhanced
plant growth in inoculated soils (Garlapati et al. 2019 & Singh
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2016). As well as normal fertilization and balanced mineral
nutrition, biomolecules secreted by cyanobacteria, including
osmolality, phenols, proteins, vitamins, carbohydrates, amino
acids and plant sugars, function in plant growth (Singh et al.
2011 & 2014).

Beneficial microorganisms such as plant growth
promoting rhizobacteria (PGPR) which are applied to seeds or
soil aiming to increase soil fertility and plant growth via
increasing the biological activities in the rhizosphere (Gao etal.,
2020). These microorganisms can promote plant growth
through nitrogen fixation, phytohormone, phosphate and
potassium solubilization (Bashan and de- Bashan, 2005).
Besides, organic fertilizers such as compost, vermi tea, etc.,
play a significant role in soil fertility and plants productivity
(Gao et al., 2020).

Therefore, this research aims to study the ability of
biostimulants to improve on the growth and productivity of
sweet potato. We hypothesized that treating sweet potato plants
with bio-stimulants and organic stimulants and their
combinations would improve sweet potato growth and
productivity as well as tuber quality traits under a bio-organic
cultivation system.

MATERIALS AND METHODS

A pot experiment was performed in 2022 at the Farm
of Environment and Bio-agriculture Department, Faculty of
Agriculture, Al-Azhar University, Cairo, Egypt. The
experimental  soil sample was analysis for physical and
chemical according to Page et al. (1982) and Klute (1986).
Some physical and chemical characteristics are shown in
Table (1)
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Table 1. Initial physical and chemical properties of the
experimental soil.

Properties

Texture analysis

Sand (%) 88.5
Silt (%) 105
Clay (%) 1.00
Soil texture Sandy
pH soil-water suspension ratio (1:2.5) 8.61
EC (dsm) soil-water extract ratio (1:5) 0.82
Saturation point (SP) 20
Soluble cations (meqg/100g)

Ca** 25
Mg* 15
Na* 3.85
K* 0.32
Soluble anions (meg/100g)

COs~ -
HCOs 0.5
Cr 45
SO 3.17

Sweet potato seedlings

Sweet potato (Ipomoea batatas, L.) cv. Beauregard
seedlings were obtained from a private nursery in Mutobas
City, Kafr EI-Sheikh Governorate, Egypt.

Fertilization
Mineral fertilizers (control)

The soil received the full recommended amount of
NPK (control). Nitrogen was provided at a rate of 200 kg/ fed
added as ammonium sulphate (20.5% N) in two equal doses
after 30 and 60 days from transplanting. Phosphorus was
applied at a rate of 250 kg/ fed as super phosphate (15 %
P205), and Potassium was added at a rate of 100 kg/ fed as
potassium sulphate (48% K20O). Phosphorus and Potassium
were applied along with nitrogen fertilizers.

Organic fertilizers (Compost)

Compost was obtained from El-Fairuz company,
Belbeis, El-Sharkia Governorate. Compost was applied at the
rate of 200g per pot. Some physical, chemical and biological
properties of the compost are shown in Table (2)

Table 2. Physical, chemical, and biological properties of
the organic stimulants.

Properties Unit Compost
Cubic meter weight Kg 710
Moisture % 35
pH (1:10) 7.8
EC (1:10) dSmrt 34
Total nitrogen % 12
Ammonium nitrogen ppm 86
Nitrate nitrogen ppm 51
Organic matter (OM) % 50.01
Organic carbon % 29.0
Ash % 49.99
C:N ratio 24:1
Total phosphorus (P-Os) % 1.24
Total potassium (K20) % 2.68
Total potassium humate % -
Humic acid % -
Fulvic acid % -
Weed seeds Nil
Plant pathogenic nematode Nil
Non-phytopathogenic nematode 1000
Fungi

Fusarium cfulg Nil
Rhizoctonia cfulg Nil
Pythium cfulg Nil
Phytophthra cfulg Nil
Alternaria cfulg Nil

-, Not applicable,

Biostimulants
Vermi tea

Vermicompost was obtained from the Farm of
Environment and Bio-agriculture Department, Faculty of

cfu, colony forming unit

Agriculture, Al-Azhar University, Cairo, Egypt. Vermi tea
was performed by soaking vermi compost in water at a ratio of
1:10 with an aeration source for 12 hours. It was filtered and
used at a rate of 3 ml per plant per day for a month, then once
every day and every other day for a month, then once every
two days for a month. Vermi tea was applied at the rate of 3ml
per pot daily up to 15 days, then day after day for a month, then
every two days for a month. The physical, chemical, and
biological properties of the used stimulants were shown in
Table 3.

Table 3. Physical, chemical, and biological properties of

vemi tea.
Properties Vermi tea
Cubic meter weight -
Moisture -
pH (1:10) 7.64
EC (1:10) 0.36
Total nitrogen 0.35
Ammonium nitrogen -
Nitrate nitrogen -
Organic matter (OM) -
Organic carbon 0.01
Ash -
C:N ratio 351
Total phosphorus (P2Os) 54
Total potassium (K20) 179
Total potassium humate 0.19
Humic acid 0.08
Fulvic acid 0.02

Plant Growth Promoting Rhizobacteria (PGPR)

These rhizobacteria contain the following strains:
Azotobacter chrococcum MF135558, Bacillus subtilis
MF497446, and Bacillus circulans ARC-SWERI- 2 were
kindly obtained from the Agricultural Microbiology lab,
Agricultural ~ Microbiology — Department, Faculty of
Agriculture, Mansoura University. A. chrococcum MF135558
is a high nitrogen fixer (Hauka et al., 2017) and effectively
produced indole acetic acid (EI-Sawah et al., 2018). B. subtilis
MF497446 is a high phosphate solubilizer (EI-Sawah et al.,
2021). B. circulans ARC-SWERI- 2 is a high phosphate
solubilizer and potassium releaser (Gao et al., 2020). Each
bacterial strain was grown on its specific cultivation medium.
A. chrococcum MF135558 was grown on Ashby’s liquid
medium (Abd-EI-Malek and Ishac, 1968) up to 3-7 days at 30
OC. B. subtilis MF497446 and B. circulans ARC-SWERI- 2
were grown on nutrient broth medium (Skerman, 1967) up to
3 days at 30 °C.

Arbuscular Mycorrhizal Fungi (AMF)

AMF inoculum containing a mixture of different
spores of Glomus clarum (Niclson & Schenck), Funneliformis
mosseae (Walker & Schuessler) and Gigaspora margarita
(Becker & Hall) was obtained from the Department of
Agricultural Microbiology, Faculty of Agriculture, Mansoura
University, Egypt. The AMF spores were left to multiply
according to the method of Gao et al. (2020) and then used as
mycorrhizal inoculum.

Chlorella vulgaris

The green alga Chlorella vulgaris belonging to
Chlorophyta was obtained from Algal Biotechnology Unit,
National Research Centre (NRC), Giza, Egypt and was grown
on BG11, according to Rippika et al., 1979.

Effective microorganisms (EM)

EM was obtained from the Environmental Affairs

Agency, Egyptian Ministry of Environment. used at a rate of 3
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ml per plant daily up to 15 days, then once every day and every
other day for a month, then once every two days for a month.
Inoculation methods

Each bacterial strain was grown to the maximum
density at an appropriate time up to 108 cfu/ml for A.
chrococcum MF135558 and 109 cfu/ml for B. subtilis
MF497446 and B. circulans ARC-SWERI- 2 in specific
cultivation media as mentioned above. To make the inoculum
mixes, equal quantities were combined. For 30 minutes,
seedlings were immersed in microbial inoculants. As an
adhesive, Arabic gum (16%) was used. Each plant in the pot
received an additional 10 ml culture (Gao et al., 2020).

For mycorrhizal application, each hill was infected
with 5 g of trapped soil. Before transplanting, the inoculum
was deposited 5 cm below the soil's surface. The non-
mycorrhizal treatments received equal volumes of autoclaved
inoculum to supply the same nutrients (El-Sawah et al., 2021).

Chlorella vulgaris was applied at the rate of 3ml per pot
daily for up to 15 days, then day after day for a month, then
every two days for a month.

Experimental design:

Sweet potatoes seedlings were transplanted on 17th
May 2021. The soil was distributed in 50 sterile pots, 30 cm
diameter, and 40 cm height, and 16 kg per pot. The
experiments were arranged as a completely randomized
design with five replicates, each pot representing one replicate.
One plant was transplanted in each pot. Irrigation was
performed as needed by supplying the amount of water
required to fill the field capacity. All plants were harvested 145
days after transplanting. The treatments were presented in
Table. 3.

Table 4. Treatments of the experiment.

T1 The recommended dose of chemical fertilizer ( control)
T2 Compost

T3 Compost + AMF

T4 Compost + PGPR

T5 Compost + Chlorella

T6 Compost + EM

T7 Compost + vermi tea

T8 Compost + PGPR+AMF+ vermi tea

T9 Compost + PGPR + AMF+ Chlorella

T10 Compost +AMF+ PGPR +Chlorella + vermi tea

PGPR, Plant growth promoting rhizobacteria; AMF, Arbuscular
mycorrhizal fungi; EM, Effective microorganisms.

Measurements:

Randomly, three plants from each treatment were
chosen and used to measure plant height, number of
branches/plant, number of leaves/plant, leaf area, and
chlorophyll content. The chlorophyll content was determined
according to Lichtenthaler (1987). At the end of the mature
stage, the plants were harvested to determine the number of
tubers/plant, tuber weight, tuber height, and tuber
circumference. Carotenoids were measured according to
Lichtenthaler (1987). Ascorbic acid was measured according
to (Al-Majidi and Alqubury, 2016). Fat, moisture, protein, ash,
and fiber were measured according to NIRA (2013). Starch
and total sugars were measured by the method of Chow and
Landhdusser (2004).

Statistical analysis

The results were presented as means + standard
deviation (SD). The data were analyzed using a one-way
analysis of variance (ANOVA) using the statistical software
SPSS v25.0 and the means were separated using Duncan's test
(P <0.05).

RESULTS AND DISCUSSION

Data in Table (5) show the effect of some
biostimulants (PGPR, AMF, Chlorella extract, EM, and
Vermi tea) on the vegetative growth of Ipomoea batatas L
plants. Sweet potato was grown organically. The control
treatment gave the best value for both plant height (cm) and
the number of leaves for each plant. On the other hand, there
were no significant differences between the control and other
biostimulant treatments with regard to the number of branches
for each plant and the leaf area (cm2) for each plant. The
chlorophyll a, chlorophyll b, total chlorophyll, and carotenoids
contents in sweat potato leaves reported in Table (6) clearly
showed thatthe T 7 (Compost + VVermi tea) gave the best value
for chlorophyll A, B, total and carotenoids, as the values were
recorded as follows: 0.4419, 0.1154, 0.5874 and 0.1898,
respectively. This could be because vermi tea contains
minerals like N, P, K, Ca, and beneficial microorganisms. It is
crucial for plant growth and development, contributing to roots
and root growth, increasing soil organic matter, and preserving
environmental quality (Sundararasu & Jeyasankar 2014 ).

Table 5. Growth of the vegetative sweet potato plant under efficiency some bio stimulants after 90 days from

transplanting

Plant height Number of Number of Leaf area

Treatments (cm) branches/plant leaves/plant (cm?)

T1 Control 203.00+6.08a 4.66+1.15a 75.00+4.00a 26.75+3.92a
T2 Compost 179.00+3.60b 3.66+0.57a 53.00+6.08bc 25.0845.12a
T3  Compost + AMF 178.66+7.76b 4.00+0.00a 47.33+2.51c-e 25.83+2.88a
T4  Compost + PGPR 142.33+11.23d 3.66+1.15a 57.66+2.51h 24.2545.34a
T5 Compost + Chlorella 127.00+7.54e 4.33+0.57a 47.6645.13c-e 24.00+1.73a
T6 Compost + EM 115.3345.50f 3.33+0.57a 40.66+9.29 24.004£3.04a
T7  Compost + vermi tea 156.33+3.21c 4.00+1.00a 43.00+4.58de 21.66+1.44a
T8 Compost + AMF+PGPR+ vermi tea 153.00+3.60cd 4.33+0.57a 46.66+2.88c-e 25.83+2.88a
T9 Compost + AMF+ PGPR + Chlorella 179.33+£7.02b 3.66+0.57a 44.66+3.21c-e 28.41+1.58a
T10 Compost +AMF+ PGPR +Chlorella + vermi tea 154.66+8.32¢ 4.00+1.00a 51.66+6.65b-d 22.66+4.75a

Data are means + SD; different letters within the same column indicate significant differences between means according to Duncan’s multiple-range
tests. AMF, Arbuscular mycorrhizal fungi; PGPR, Plant growth promoting rhizobacteria; EM, Effective microorganisms.

With regard to the tuber specifications, the results
shown in Table (7) indicated that T 7 was the best in each of
the number of tubers per plant, tuber length (cm) and tuber
circumference (cm). The values were as follows: 5.33 tubers
per plant, 15 cmand 13 cm for tuber length and circumference,
respectively. In terms of tuber weight, the results shown in
Table 6 also indicated that T 4 (Compost + PGPR) and T 5
(compost + chlorella extract) were the best, recording 655 (g)
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and 626 (g) for each pot, respectively. The PGPR used in this
study had significant positive effects on the growth,
productivity and quality of the sweet potato plant indirectly
through reducing the impact of diseases by producing
antibiotics and induction of systemic resistance as well as
through competing for nutrients and habitats (Egamberdieva
& Lugtenberg 2014).
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Table 6. Contents of sweat potato plant leaves ( chlorophyll a, chlorophyll b, total chlorophyll, and carotenoids) under

using some bio stimulants after 90 days from transplanting.

Treatments Chlorophylla  Chlorophyllb  Total chlorophyll  Carotenoids
(mg/L) (mg/L) (mg/L) (mg/L)

T1 Control 0.334740.052cd  0.1106+0.294a  0.4454+0.081bc  0.1341+0.014d-f
T2  Compost 0.3386+0.011c  0.0944+0.036ab  0.4331+0.045bc  0.1318+0.005ef
T3  Compost + AMF 0.3290+0.010cd  0.1068+0.105a  0.4359+0.020bc  0.1364+0.008d-f
T4  Compost + PGPR 0.4153+0.020b  0.0802+0.008ab  0.4955+0.027b  0.1603+0.008b
T5 Compost + Chlorella 0.3831+0.003b  0.0327+0.024c ~ 0.4126+0.028c  0.1440+0.001c-e
T6 Compost + EM 0.2922+0.036d  0.0530+0.028bc  0.3452+0.013d 0.1211+0.009f

T7  Compost + vermi tea 0.4719+0.025a  0.1154+0.006a  0.5874+0.023a  0.1898+0.005a
T8 Compost + AMF+PGPR+ vermi tea 0.3376+£0.015c  0.0783+0.037ab  0.4159+0.046¢c  0.1397+0.008de
T9 Compost + AMF+ PGPR + Chlorella 0.3893+0.005b  0.7175+0.009a-c  0.4690+0.022bc  0.1589+0.011bc
T10 Compost +AMF+ PGPR +Chlorella + vermi tea 0.3720+£0.016bc  0.0551+0.002bc  0.4271+0.015bc  0.1481+0.004b-d

Data are means + SD; different letters within the same column indicate significant differences between means according to Duncan’s multiple-range
tests. AMF, Arbuscular mycorrhizal fungi; PGPR, Plant growth promoting rhizobacteria; EM, Effective microorganisms.

Table 7. Properties of sweet potato tubers under using some bio stimulants.

Number of Tuber weight  Tuber height Tuber
Treatments tuber/plant ()] (Cm) Circumference (Cm)
T1  Control 3.33+0.57¢ 321.33+75.11d 9.33+2.51c 7.00+2.00d
T2  Compost 3.66+0.57bc 350.00+20.00d  11.33+1.52bc 8.00+2.00cd
T3 Compost + AMF 4.33+0.57a-C 610.00+20.00ab  14.66+1.15a 12.83+0.28a
T4  Compost + PGPR 5.00+1.00ab 655.00+47.69a  14.83+0.76a 12.16+1.04ab
T5  Compost + Chlorella 5.00+1.00ab 626.66155.07a  14.66+1.15a 10.00+1.50bc
T6  Compost + EM 4.00+1.00a-c 428.33+36.17cd  12.66+0.57ab 9.66+1.52b-d
T7  Compost + vermi tea 5.33+0.57a 578.33+11250ab  15.00+1.73a 13.00+1.00a
T8  Compost + AMF+PGPR+ vermi tea 4.33+0.57a-c 430.33+44.04cd  12.33+0.57ab 9.00+1.00cd
T9  Compost + AMF+ PGPR + Chlorella 4.33+0.57a-C 504.00+60.10bc  10.66+1.15bc 9.33+1.52b-d
T10 Compost +AMF+ PGPR +Chlorella + vermi tea 4.00+1.00a-c 498.33£106.45bc  12.33+1.52ab 10.50+2.17a-c

Data are means + SD; different letters within the same column indicate significant differences between means according to Duncan’s multiple-range
tests. AMF, Arbuscular mycorrhizal fungi; PGPR, Plant growth promoting rhizobacteria; EM, Effective microorganisms.

For crude protein, total sugars, total carbohydrates and
starch(%) the results indicated in Table (8) thatthe T 3 & 4
gave the highest percentage of crude protein, recording 11.42
& 11.62%, respectively, while T3,T4,T7 and T8 they gave the
best values of total sugars % and there were no significant
differences between them. The control gave the best
percentage of carbohydrates, amounting to 73.26%, and T 10
(compost + AMF + PGPR + Chlorella + Vermi tea) had the

highest value of starch, reaching 15.62%. The beneficial
effects of arbuscular mycorrhizal fungi on P, N, K, Mg, Cu,
Zn, Ca, Fe, Cd, and Ni absorption (Pellegrino and Bedini,
2014). Arbuscular mycorrhizal symbiosis can influence
biochemical and physiological processes such as resistance to
oxidative damage, better water usage efficiency, gas
exchange rate, and osmotic regulation (Gai et al., 2006).

Table 8. Contents of protein, total carbohydrates, total sugar, and starch of sweat potato tubers under using some bio

stimulants

Treatments Protein (%) Total Carbohydrates (%) Total Sugar (%0) Starch (%)

T1 Control 8.56+0.27d 73.26+0.40a 3.06+0.03e 11.15+0.03g
T2 Compost 8.67+0.04d 70.23+0.21c 4.74+0.06b 13.7640.18d
T3 Compost + AMF 11.42+0.07a 65.96+0.17f 5.23+0.08a 14.52+0.10bc
T4 Compost + PGPR 11.62+0.17a 69.56+0.36d 5.17+0.29 13.63+0.15d
T5 Compost + Chlorella 6.68+0.27e 72.25+0.19b 4.17+0.05cd 13.04+0.65e
T6 Compost + EM 8.72+0.34d 70.65+0.17c 4.10+0.02d 12.4040.07e
T7 Compost + vermi tea 10.99+0.44b 65.00+0.569 5.24+0.06a 14.16+0.06¢c
T8 Compost + AMF+PGPR+ vermi tea 8.66+0.10d 70.73+0.11c 5.27+0.08a 13.48+0.09d
T9 Compost + AMF+PGPR + Chlorella 10.39+0.05¢c 68.58+0.75e 4.39+0.27¢ 14.84+0.07b
T10Compost +AMF+ PGPR +Chlorella + vermitea  10.57+0.11c 69.17+0.05de 4.360.16¢d 15.62+0.07a

Data are means + SD; different letters within the same column indicate significant differences between means according to Duncan’s multiple-range
tests. AMF, Arbuscular mycorrhizal fungi; PGPR, Plant growth promoting rhizobacteria; EM, Effective microorganisms.

According to Table (9) T9 gave the highest value of
B-carotene for sweet potato root tuber, which was 23.10 (mg
/ g). On the other hand, T 10 gave the highest value for
Vitamin C which was 10.20 (mg/g). These results may be due
to algal biomass such Chlorella vulgari which contains macro
and micronutrients, growth regulators, polyamines,
carbohydrates, proteins, amino acids, and vitamins
implemented for improving vegetative growth (Abd El
Moniem and Abd-Allah, 2008). As well as the roles of
mycorrhiza and PGPR previously mentioned.
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Finally, with regard to the content of sweet potato
tubers of fat, fiber, moisture and ash, the results (Table 10)
indicate that T5 and T8 gave a value for the percentage of fats,
which amounted to 2.35 & 2.45%, respectively. While T3,T2
and T7 gave the best value for fiber, moisture and ash,
reaching 6.17, 7.83 and 8.17% for each of them, respectively.
These results agree with Pellegrino and Bedini, 2014, Gai et
al., 2006, Egamberdieva & Lugtenberg 2014 and Abd EI
Moniem and Abd-Allah, 200
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Table 9. Contents of carotenoids and ascorbic acid of sweat potatoes tubers under using some bio stimulants.

Treatments Carotenoids(mg/g) Ascorbic acid (mg/g)
T1 Control 17.88+0.54g 8.15+0.05f
T2 Compost 22.30+0.08b 9.14+0.04d
T3 Compost + AMF 19.59+0.29 9.31+0.09¢
T4 Compost + PGPR 20.39+0.37d 9.65+0.04b
T5 Compost + Chlorella 21.25+0.15¢ 9.24+0.14cd
T6 Compost + EM 19.34+0.08e 9.23+0.10cd
T7 Compost + vermi tea 21.38+0.25¢ 10.16+0.04a
T8 Compost + AMF+PGPR+ vermi tea 22.34+0.16b 8.69+0.08e
T9 Compost + AMF+ PGPR + Chlorella 23.10+0.43a 8.30+0.12f
T10 Compost +AMF+ PGPR +Chlorella + vermi tea 18.61+0.42f 10.20£0.05a

Data are means + SD; different letters within the same column indicate significant differences between means according to Duncan’s multiple-range tests. AMF,
Arbuscular mycorrhizal fungi; PGPR, Plant growth promoting rhizobacteria; EM, Effective microorganisms

Table 10. Contents of fats, fiber, moisture, and ash of sweat potato tubers under using some bio stimulants.

Treatments Fats (%) Fiber (%) Moisture (%) Ash (%)

T1 Control 2.50+0.10a 4.15+0.05fg 5.74+0.12cd 5.66+0.13g
T2 Compost 2.20+0.26b 3.64+0.13h 7.83+0.11a 7.64+0.01d
T3 Compost + AMF 2.40+0.10ab 6.17+0.05a 5.52+0.13d 8.55+0.10b
T4 Compost + PGPR 1.80+0.10c 4.03+0.169 5.59+0.10d 7.50+0.26d
T5 Compost + Chlorella 2.53+0.20a 5.75+0.09b 6.45+0.07b 6.30+0.05f
T6 Compost + EM 1.8610.11c 4.40+0.19% 6.59:+0.08b 6.80+0.25e
T7 Compost + vermi tea 1.90+0.10c 5.40+0.08c 6.70+0.09b 9.55+0.09a
T8 Compost + AMF+PGPR+ vermi tea 2.45+0.05a 4.36+0.06ef 5.86+0.12c 8.19+0.04c
T9 Compost + AMF+PGPR + Chlorella 1.83+0.05¢c 4.72+0.19d 6.58+0.34b 7.71+0.10d
T10 Compost +AMF+ PGPR +Chlorella + vermi tea 2.304+0.10ab 4.15+0.14fg 7.69+0.07a 8.1740.04c

Data are means + SD; different letters within the same column indicate significant differences between means according to Duncan’s multiple-range
tests. AMF, Arbuscular mycorrhizal fungi; PGPR, Plant growth promoting rhizobacteria; EM, Effective microorganisms

CONCLUSION

Biostimulants are acquired in the current agricultural
system from various communities of naturally existing
microbes and the biochemical products created by them, such
as organic acid, proteins, enzymes, and hormones. When these
compounds interact with the plant-soil continuum, they
increase the availability or uptake of important nutrients that are
provided as fertilizers or that are already present in soil or crop
residues. On the other hand, biostimulants work to confront the
environmental stresses that the plant is exposed to, such as soil
salinity and drought, especially this time with the effects of
climate change. Accordingly, the study recommends the
importance of using biostimulants in sweet potato production
in an organic and sustainable farming system.

REFERENCES

Abd El Moniem, E.A. and Abd-Allah, A.S.E. (2008). Effect
of green algae cells extract as foliar spray on
vegetative growth, yield and berries quality of
superior grapevines. Amer.-Eurasian J. of Agric.
and Environ. Sci., 4(4): 427-33.

Abd-El-Malek, Y. and Ishac, Y.Z. (1968). Evaluation of
methods used in counting Azotobacter. J. Appl. Bact.,
31: 267-275.

Agricultural  Statistics Bulletin - Part Two 2018-2019,
Egyptian Ministry of Agriculture.

Al Hadidi, N. and Pap, Z. (2020). The Effectiveness of the
Arbuscular Mycorrhiza to Increase the Drought Stress
Tolerance in Tomato Crop (Solanum lycopersicum
L.): A-Review. In Water management: Focus on
Climate Change; Hungarian  University of
Agricultural and Life Sciences: Szarvas, Hungary;
Digitalis Kalamaris Kiado és Gyorsnyomda; Szarvas,
Hungary, : pp. 125-129.

Al-Magjidi, M. H. and Alqubury, H. (2016). Determination of
Vitamine C (Ascorbic acid) content in various fruit
and vegetables by UV-spectrophotometry and
titration methods. J. of Chemical and Pharmaceutical
Sci., 92927-2974.

55

Bashan, Y. and L. E. de-Bashan (2005). "Plant Growth-
Promoting. Encyclopedia". Soils Environ., 1: 103-115

Brown P, Saa S. (2015). Biostimulants in agriculture. Front
Plant Sci. [Internet] : 6.

Chow, P.S. and Landhdusser, S.M. (2004). A method for
routine measurements of total sugar and starch
content in woody plant tissues. Tree Physiol.
24(10):1129-36. doi: 10.1093/treephys/24.10.1129.
PMID: 15294759.

Du Jardin, P. (2015). Plant Biostimulants: Definition,
Concept, Main Categories and Regulation. Sci.
Hortic.196: 3-14.

Egamberdieva, D. and Lugtenberg, B. (2014).Use of
Microbes for the Alleviation of Soil Stresses. Vol. (1)
Springer; New York, NY, USA: Use of Plant Growth-
Promoting Rhizobacteria to Alleviate Salinity Stress
in Plants; pp. 73-96.

El-Sawah, A.M.; Hauka, F.I.A. and Afify, Aida H. (2018).
Dual inoculation with Azotobacter chroococcum
MF135558 and Klebsiella oxytoca MF135559
enhance the growth and yield of wheat plant and
reduce N-fertilizers usage. J. Food Dairy Sci. 3"
Mansoura International Food Congress (MIFC)
October:67-76. https://doi.org/ 10.21608/ jfds.
2018.77756

El-Sawah, A.M.; EI-Keblawy, A.; Ali, D.F.1.; Ibrahim, H.M.;
El-Sheikh, M.A.; Sharma, A.; Alhaj Hamoud, Y.;
Shaghaleh, H.; Brestic, M.; Skalicky, M.; Xiong, Y.
C. and Sheteiwy, M.S. (2021). Arbuscular
Mycorrhizal Fungi and Plant Growth-Promoting
Rhizobacteria Enhance Soil Key Enzymes, Plant
Growth, Seed Yield, and Qualitative Attributes of
Guar. Agriculture, 11, 194. https://doi.org/ 10.3390
fagriculture11030194

Fan, W.; Zhang, M.; Zhang, H. and Zhang, P. (2012).
Improved tolerance to various abiotic stresses in
transgenic sweet potato (Ipomoea batatas) expressing
spinach betaine aldehyde dehydrogenase. PLOS
ONE, 7,e37344.


https://doi.org/%2010.21608/%20jfds.%202018.77756
https://doi.org/%2010.21608/%20jfds.%202018.77756
https://doi.org/

Ghanem, Kh. M. et al.

Gai, J.P.; Feng, G.; Christie, P. and Li, X.L. (2006). Screening of
Arbuscular Mycorrhizal Fungi for Symbiotic Efficiency
with Sweet Potato. J. Plant Nutr.29,1085-1094.

Gao, C.; El-Sawah, A.M.; Ali, D.F.l.; Alhaj Hamoud, Y.;
Shaghaleh, H. and Sheteiwy, M.S. (2020). The
Integration of Bio and Organic Fertilizers Improve
Plant Growth, Grain Yield, Quality and Metabolism
of Hybrid Maize (Zea mays L.). Agronomy, 10, 319.
https://doi.org/10.3390/agronomy10030319

Garlapati, D.; Chandrasekaran, M.; Devanesan, A,
Mathimani, T. and Pugazhendhi A. (2019). Role of
cyanobacteria in agricultural and industrial sectors:
An outlook on economically  important
byproducts. Appl.  Microbiol.  Biotechnol. ;103:
4709-4721. doi: 10.1007/ s00253-019-09811-1.

Hauka, F.LLA.; Afify AH. and El-Sawah, A.M. (2017).
Efficiency evaluation of some rhizobacteria isolated
from Egyptian soils, in vitro as biofertilizers. J. Agric.
Chem. Biotechn. 8: 231-235. https://doi.org/
10.21608/ jach.2017.38779

Higa, T. (1996). Effective Microorganism-Their role Kyusei Nature
Farming and sustainable agriculture, In Proceedings the
Third International Conference on Kyusei Nature Farming.
Parr, J. F, Homick, S. B. and Simpson, M.
E.(eds.),USDA Washington DC.,USA, 2:24.

Hossain, A. (2020). Research on biogenic control of Dickeya
dadantii causing stem and root rot of sweet potato
through Bacillus and biosynthesized nanoparticles.
Ph.D. Thesis, Zhejiang University, Hangzhou,
China, http:/Amww.ncbi.nlm.nih.gov/pmc/articles/P
MC4550782/. Accessed 13 Oct 2015.

Klute, A. (1986). Methods of Soil Analysis. Part 1. Physical
and mineralogical Methods 2nd Ed., Am Soc Agron
Monograph  No. 9  Madison,  Wisconsin,
USA .https://agris.fao.org/agrissearch/search.do?reco
rdID=XF2016031060

Lichtenthaler, H.k. (1987). Chlorophylls and Carotenoids:
Pigments of photosynthetic biomembranes. Methods
in Enzymology, Academic Press, 148, 350-382.

Neela, S. and Fanta, S.W. (2019). Review on nutritional
composition of orange-fleshed sweet potato and its
role in management of vitamin A deficiency. Food
Sci. Nutr., 7: 1920-1945.

NIRA (2013). Determination of proximate analysis of plant
samples by NIRA, Near InfraRed Analysis, FOSS,
1650

Page, A. L., Miller, R. H. and Keeney, D. R. (1982). Methods
of soil analysis. Part Chemical and Microbiological
Properties. 2nd. Am. Soc. Agron.
Inc. Publisher Madison, Wisconsin. https:// doi.org/
10.1002/ jpIn.19851480319

Pellegrino, E. and Bedini, S. (2014). Enhancing ecosystem
services in sustainable agriculture: biofertilization and
biofortification of chickpea (Cicer arietinum L.) by
arbuscular mycorrhizal fungi. Soil Biol. Biochem. 68,
429-439. doi: 10.1016/j.50ilbio.2013.09.030.

Rippika, R.; Deruelles, J. ; Waterbury, J.B. ; Herdman, M.
and Stanier, R.Y. (1979). Generic assigmments, strain
histories and properties of pure cultures of
cyanobacteria. J. Gen. Microbiol., 111: 1- 61.

Singh, D.P.; Prabha, R.; Yandigeri, M.S. and Arora, D.K.
(2011). Cyanobacteria-mediated phenylpropanoids
and phytohormones in rice (Oryza sativa) enhance
plant growth and stress tolerance. Antonie
Leeuwenhoek.; 100:557-568. doi: 10.1007/s10482-
011-9611-0.

Singh, J.S.; Kumar, A.; Rai A.N. and Singh, D.P. (2016).
Cyanobacteria: A Precious Bio-resource in
Agriculture,  Ecosystem, and Environmental
Sustainability. Front. Microbiol.; 7:529. doi: 10.3389
/fmicb.2016.00529.

Singh, S. (2014). A review on possible elicitor molecules of
cyanobacteria: Their role in improving plant growth
and providing tolerance against biotic or abiotic
stress.J.  Appl.  Microbiol.;  117:1221-1244.
doi: 10.1111/ jam.12612.

Skerman, V.B.D. (1967). A guide to identification of the
genera of bacteria. 2 ed. The Williams & Wilkins
Co. Baltimore, USA.

Sundararasu, K. and Jeyasankar, A. (2014) . Effect of
vermiwash on growth and vyield of Brinjal,
solanummelongena, Asian J. Sci. Technol. 5171-173.

Tavarini, S.; Passera, B.; Martini, A.; Avio, L.; Sbrana, C.;
Giovannetti, M. and Angelini, L.G. (2018). Plant
Growth, Steviol Glycosides and Nutrient Uptake as
Affected by Arbuscular Mycorrhizal Fungi and
Phosphorous Fertilization in Stevia Rebaudiana Bert.
Ind. Crops Prod., 111, 899-907.

Wang, W.; Shi, J.; Xie, Q.; Jiang, Y.; Yu, N. and Wang, E
(2017). Nutrient Exchange and Regulation in
Arbuscular Mycorrhizal Symbiosis. Mol. Plant, 10:
1147-1158.

ikl a3 iy il A1) T 85 sl Unal L) g gy} ) el a5 i
ybwﬁhjéjw!&!jw\ﬁu\.\pcébdh&\&u:w

8 el e RS gl el 3l il

gadlal)

&\J‘A\?u}as\d)ac)m‘a)hm\c)‘a.\‘t.u.uc)A)Y\AM\A&AL\JJ\M&S&M}A}\ALU)“W m}dluﬂlmﬂ\@)ﬂwlmﬁglﬁuu
‘/\-’)}N\‘—‘L]GUABJM‘(AMH‘})M“—’\-'# (PGPR)uM\;dM\dJAﬂ\M\L\)\& Msd\)uMM}al\u\)Mluau)ﬂqmbﬂzozz
o2l (Kars, Lgae de ) jidll 3 sl Uaadl Ipomoea batatas L. <l b Jsandl 5 el S Al gall e el g3l L5 (EM) i cld g Sue
el - 48 ) ) dalisa - dbﬁ!\m uﬂ\d,k)a#\\hw\uud)mﬂ\}AAS\L_w\smeaaoahJL_A\ﬂu}.\;j\u\)sa.al\eba.wbu)mu\c.\uu:‘ L_QLJ\);.\”LA: Al
94}.«\:433 uuﬁ\uM\mhwu&IGum}Q\u\)M\ \M‘YL@;\U\S} (7@)41.4@\)6&}3]\Lshd\«..a\;(d.\sjjjlﬂ\_ﬁ)_\um‘}d}lﬂ\}u)}“}
PGPR GdJLS” C.\M\@a\.ul\) IO&M\J(dAJﬁ\dU\JJM\)7dA&A\ )SJ& (u\AuJJ\SﬂMJmB\uLﬂ:\ /\JJ}ES\ uﬂ&;—\a&A}PGPR s‘ﬁ‘).}ns“ cﬁl\”@i«m}\)
(L:_:Lm.\g\JM\wL@Jwﬂ‘AL)ﬂ\)d}).u}g\'ﬂ.«\:u@d})ﬂ.\a})dﬁU}Aﬂ‘\_mun.ll.«hdu)}Su‘}”MMJ@\H&‘(&A}A&\&M\}ﬁ)}N\W
\)J,SAA\JC_\QU\ el 344\:.55\;\4\55b&;})ﬂb&um}(‘jajﬁ\d\u&prPR subﬂ\sgyaﬂldw\)g (J\JJ}E}\uaXa.\uerJM\)Su)mM\uu}
c.uLuX\) ]0&@\@\5;%La5‘>1\@8;7}4}3 Gy PAPOA (G (N uh)SuMmuuS\.a\A\ uuﬂdmﬁ\3ﬂa\un u\S}MY\GA(PGPRcAJM\)AI.dAM\}
Z&M\P\Mbm,hj\mw}mw‘m,bj\w)m;mj Ld\w@u/\au\@u‘;cﬂ)m(‘jdjﬂ\gu\))u)}ﬂuak.\um PGPR 45)]:&!\@5“\
Ummwﬂ\@u\d);wd&\m\)ﬂ\waysé@;(&);ﬂ\du\jﬁ)}m\ua&&u PGPR ‘LSJH“C-‘SU‘C“AL‘“‘“) ]OMAM\JASJ c(od)wc_mx}.wg\)

Al ieall 4y gumall Aol ) W a ggda (giia] A AL § Allad g 5o Al S By pimal) 93y al) gl Ul Joaa pladiils Lo

56


https://doi.org/%2010.21608/%20jacb.2017.38779
https://doi.org/%2010.21608/%20jacb.2017.38779
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4550782/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4550782/
https://agris.fao.org/agrissearch/search.do?recordID=XF2016031060
https://agris.fao.org/agrissearch/search.do?recordID=XF2016031060

