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ABSTRACT

Two field experiments were carried out at a private farm, El-Taweila Village, near EI-Mansoura City,
Dakahlia Governorate, Egypt during the two summer seasons of 2019/2020 and 2020/2021. The study aims to
investigate the role of seaweed extract at 0.5 g/L, bacterial mixture of Bacillus paramycoides and Azotobacter
nigricans at 1 cm?/L and potassium phosphite at 2.5 cm?/L individual or in combination as foliar applications on
vegetative growth, tuber yield and tuber quality of potato cv. Kara. The obtained results showed that all studied
treatments increased vegetative growth (plant height, leaves number per plant, stolons number per plant and fresh
and dry weight per plant) and tuber yield (tuber weight, tuber dry matter, tubers number per plant and tuber yield
per fed) as well as improved tuber quality (N, P, K, starch and carbohydrates percentages) compared to control.
The results suggested spraying potato plants with seaweed at 0.5 g/L, the bacterial mixture of Bacillus
paramycoides and Azotobacter nigricans at 1 cm®/L and potassium phosphite at 2.5 cm3/L to improve the

vegetative growth and increase the tuber yield and quality under similar conditions of the study.
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INTRODUCTION

Potato (Solanum tuberosum L.) is one of the important
food crops in the world, ranking fourth after maize, rice and
wheat (Mishra et al.,, 2019). It is a good source of
carbohydrates, protein, fiber, vitamin C, vitamin B6, b-
carotene, polyphenols, and minerals, i.e., potassium,
magnesium and iron (Zaheer and Akhtar, 2016). Potato is a
heavy feeder crop where it needs high amount of fertilizers
for good growth and high productivity (Nityamanjari, 2018).
Currently, increasing human population and extreme climate
changes assimilate greater pressure on soil and water
resources and affect the ability to produce sufficient food
(Meena et al., 2016 and Shahzad et al., 2021), as the world
will need 25-70 % above current production levels to meet
crop demand in 2050 (Hunter et al., 2017). Consequently,
chemical fertilizers and pesticides are used during the
growing season to supply the crops with nutrient needs and
protect them against pests, resulted in great environmental
pollution, induced pest resistance and having potential risks to
human health (Sansinenea, 2019). Therefore, using
environmentally sustainable alternatives to agrochemicals
such plant biostimulants (PBs) has attracted worldwide
interest in recent years. Plant biostimulants are any substances
or microorganisms applied to the plants for enhancing
nutrition efficiency, abiotic stress tolerance and/or crop
quality, irrespective of its nutrient content (du Jardin, 2015).

In recent times, seaweed extracts have been widely
used in agriculture as plant biostimulants, improve plant
growth and increase the productivity and the tolerance to
abiotic and biotic stresses (Paradikovi¢ et al., 2019 and EI-
Boukhari et al., 2020). Seaweeds (macroalgae) include
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almost 10,000 species that are subdivided primarily into three
categories depending on their pigmentation (Brown, Red and
Green) and contribute to about 10 % of global maritime
productivity (Khan et al., 2009 and Battacharyya et al., 2015).
Seaweed and seaweed-derived products contain a wide
variety of natural plant promoting substances such as auxins,
cytokinins and gibberellins, macro-and micronutrients,
proteins, carbohydrates, amino acids, osmo-protectants and
antimicrobial compounds in addition to many different
polysaccharides like galactans, fucoidan, laminarin, and
alginates (Abido et al., 2020 and Alli et al., 2021a). Actually,
seaweed extract foliar spray can be used for promoting plant
growth, enhancing flowering and yield and improving
nutritional content and quality as well as shelf life
(Battacharyya et al., 2015). The positive effects depend on the
type of the seaweed resource, the quality, and the composition
of the extract, as well as application method and concentration
(Alietal., 20214).

An important group of plant biostimulants is
microorganisms including fungi and bacteria (Drobek et al.,
2019). The useful bacteria include Bacillus spp., Azotobacter
spp., Enterobacter spp., Arthrobacter spp., Acinetobacter
spp., Pseudomonas spp., Ochrobactrum spp. and
Rhodococcus spp. (Gaiero et al., 2013 and Saifulla et al.,
2019) which can improve plant growth and mineral uptake,
control plant pathogens and increase plant tolerance to
different stresses (Hamid et al., 2021). These organisms can
produce phytohormones like auxins, gibberellins and
cytokinins, antifungals, fix nitrogen and solubilize
phosphorous and other nutrients (Sansinenea, 2019).
Microbial inoculants may contain a single or a mixture of
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microorganism strains that exhibit additive or synergistic
effects (du Jardin, 2015).

Likewise, phosphite, a reduced form of phosphate,
appears as a new biostimulator in horticulture (Gémez-
Merino and Trejo-Téllez, 2015). Phosphites are alkaline salts
of phosphorous acid, like potassium phosphite, which are
widely used as fungicides (Schroetter et al., 2006). Phosphite
(H2PO3-) contains one less oxygen (O) than phosphate, which
makes its chemistry and behavior fully different (Lovatt and
Mikkelsen, 2006). Phosphites (Phi) have received particular
attention because they are eco-friendly and seem to be able to
control crop diseases caused by pathogenic bacteria,
oomycetes, fungi, and nematodes through enhanced plant
defense responses (Deliopoulos et al., 2010 and Trejo-Téllez
and Gomez-Merino, 2018). Nowadays, phosphite is appears
as a new plant biostimulant, improving crop productivity, so
it can be considered as a biostimulant, antibiotic and plant
resistance inducer (Trejo-Téllez and Gémez-Merino, 2018).
As a plant biostimulant, Phi has been shown to improve
nutrient uptake and promotes root growth, yield and
nutritional value of horticulture crops. Additionally, it can
activate several molecular, biochemical, and physiological
mechanisms leading to plant tolerance to abiotic stresses
(Gomez-Merino and Trejo-Téllez, 2015 and 2016). It was
reported that phosphite foliar treatment enhanced root growth
and development in several crops, with a biomass increase by
around 30 % (Swarup et al., 2020) and increased yield and
quality (Lovatt and Mikkelsen, 2006).

Therefore, this study aims to investigate the role of
seaweed  extract, microbial  inoculants  (Bacillus
paramycoides and Azotobacter nigricans) and potassium
phosphite as a foliar spray on growth and productivity of
potato.

MATERIALS AND METHODS

Bacterial isolates

The Gram-positive; Bacillus paramycoides ZW-5 and
the Gram-negative; Azotobacter nigricans NEWG-1 were
used in the current study. Later, both bacteria were molecular
identified and deposited in the GenBank under accession
numbers of MW876249 (Moussa et al., 2021) and LC485953
(Ghoniem et al., 2020), respectively.
Bacterial preparation

Nutrient broth medium containing (g L™ distilled
water), beef extract (1), yeast extract (2), peptone (5), and
NaCl (5) was used to prepare the inoculum. The medium was
autoclaved at 121°C for 15 min, then incubated under shaking
(150 rpm at 28 °C for 2 days). The fermentation conditions
for IAA producing were carried out on a nutrient broth
medium, supported with 5 mM L-tryptophan. The medium
pH was adjusted to 7+0.2 before autoclavation (121°C for 15
min). Inoculum at 5 % was used to inject 45 ml broth medium
contained in 250-ml Erlenmeyer flasks. After incubation
under shaking (150 rpm at 28 °C for 3 days), the culture was
centrifuged at 5000 rpm for 20 min to obtain the supernatant.
Indole acetic acid (IAA) and total phenolic contents were
assayed in the culture supernatant using the method of
Glickmann and Dessaux (1995) and Malik and Singh (1980),
respectively. The pH of the final culture was measured using
pH-meter (HI 9321 microprocessor pH-meter). Before the
mixed culture of both bacteria, the antagonism test was

carried out to ensure the compatible growth of both bacteria
with each other.
Field trial

Two field experiments were carried out in a private
farm, El-Taweila Village, near El-Mansoura City, Dakahlia
Governorate, Egypt (31.114849 N, 31.409796 E) during the
two successive seasons of 2019/2020 and 2020/2021. The
study aims to investigate the role of seaweed extract, bacterial
mixture of Bacillus paramycoides and Azotobacter nigricans
and potassium phosphite, individually or in combination as a
foliar spray on the growth and productivity of potato cv. Kara.

The experiment was arranged in a complete
randomized block design with eight treatments and three
replicates. The treatments were T1 (seaweed extract), T2
(bacterial mixture of Bacillus paramycoides and Azotobacter
nigricans), T3 (potassium phosphite), T4 (mixture of T1 and
T2), TS (mixture of T1 and T3), T6 (mixture of T2 and T3),
T7 (mixture of T1, T2 and T3) and T8 (control of untreated
plants).

The experimental soil was clay loam with organic
matter (2.58 %), EC (295 ds/cm), pH (7.8), available nitrogen
(58.50 ppm), phosphorus (16.15 ppm) and potassium (346
ppm). The tubers were planted on 5"and 10" December in the
first and second seasons of the study at a 20 cm distance. The
tubers were treated with an antifungal compound before
planting. The plot area was 8.4 m?, which consists of 3 ridges
(4 m long and 0.7 m width). The plants were sprayed three
times, at 20 days after sowing, and repeated every 15 days.
Seaweed extract (Alga bright, a commercial product) consists
of Ascophyllum nodosum alga extract and 16 % potassium
alginate was sprayed at the rate of 0.5 g/L. The bacterial
mixture of B. paramycoides and A. nigricans was prepared as
previously described and mixed in equal portions, then diluted
at the rate of 1 cm®/L immediately before spraying. Potassium
phosphite (H2KO3P) was sprayed at 2.5 cm®/L. Potato plants
were fertilized with the recommended rates (180 kg N, 75 kg
P,Os and 90 kg K:O). Normal farming practices were
followed as recommended by the Egyptian Ministry of
Agriculture and Land Reclamation recommendations.
Studied characters
Vegetative growth

Five plants from each plot were chosen randomly in
both seasons at 70 days from planting to determine plant
height (cm), leaves number/plant, stolons number/plant, fresh
weight (g) and dry weight (g).

Tuber yield

At the harvest time, the following parameters were
measured, i.e., tuber weight (g), tuber dry matter (%), tubers
number/plant and tuber yield/fed (ton).

Tuber quality

A representative sample of ten healthy tubers from
each plot was selected to determine total nitrogen (%)
according to AOAC (1990), phosphorus and potassium (%)
according to Rangana (1977) and total carbohydrates using
the method described by Hodge and Hofreiter (1962).

Starch content (%) in tubers was determined
according to the formula described by Burton (1984) as
follows:

Starch = 17.55 + 0.891 (Dry matter % - 24.18)
Statistical analysis

The obtained data were analyzed according to

Snedecor and Cochran (1990). Duncan’s multiple range test
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at 0.05 of probability level was used to compare the
differences among means. The statistical analysis was
performed using CoStat version 6.400, 1998-2008 CoHort
Software.

RESULTS AND DISCUSSION

Secretion of bioactive compounds

Initially, an antagonism test was carried out between
both bacteria to ensure the compatibility between both
microbes. No antagonistic effect was observed between both
bacteria. So, they were mixed in a combined treatment. Both
B. paramycoides and A. nigricans were screened for the
bioactive compounds (IAA and total phenol) production and
their final culture pH (Table 1). The results indicated that B.
paramycoides was better in the secretion of total phenol
(11.54 pg/ml) than A. nigricans. On the other hand, A.
nigricans secreted the higher amount of IAA. However, the
mixed culture of both bacteria showed marked increments in
both bioactive compounds than the individual inoculation.

Table 1. Screening of both B. paramycoides and A.
nigricans, as well as their mixture for the
production of bioactive compounds and their
final culture pH.

(2019), Uysal and Kantar (2020), Wadas and Dziugiet (2020)
and Xi et al. (2020).

The studied treatments improved the vegetative
growth of potato compared to control plants in both seasons
of the experiment. Seaweeds have a positive impact on the
growth characteristics of potato (Table 2) and that may be due
to the presence of auxins, cytokinines, gibberellins and
several nutrient elements, vitamins and organic matter
(October, 2017). These components enhanced the growth of
lateral roots, improved nitrogen assimilation and promoted
the plant growth (Battacharyya et al., 2015), resulting in an
increase in plant height, leaves number and plant fresh and dry
weight (Table 2). Further, the betaine compound in seaweed
extracts stimulates chlorophyll synthesis by the inhibition of
chlorophyll degradation (Blunden et al., 1996).

In addition, PGPB can improve plant growth by
different direct and indirect mechanisms. The direct
mechanisms include fixing nitrogen and production of
phytohormones such auxins (Table 1), gibberellins,
cytokinins and ethylene and secondary metabolites
(Figueiredo et al., 2016 and Vejan et al., 2016). The indirect
contain  producing inhibitory  substances  against
phytopathogens, releasing siderophores and increasing the
plant natural resistance (Sansinenea, 2019). Also, it was

Bacterium (HIQQD Tozﬁgma)nd Fmalpcﬁlture reported that Bacillus sp. was able to develop a symbiosis
B. paramycoides 843 1154 847 with potato roots (Keerthana etal., 2018), leading to alteration
A. nigricans 19.47 8.58 753 of root architecture (Sansinenea, 2019) and increased
Mixture 32.87 16.63 7.07 branching (Purwantisari et al., 2019), resulting in increased
Vegetative growth mineral absorption and improved plant growth.

The data of the field trial (Table 2) show the effect of
studied foliar treatments, i.e., seaweed extract, the bacterial
mixture, K-phosphite and their combinations in growth
parameters of potato. Compared with control (untreated
plants) all foliar treatments increased plant height, leaves
number/plant, stolons number/plant and fresh and dry weight
of the plant in the two studied seasons. Sprayed potato plants
with (seaweed + bacterial mixture + K-phosphite) recorded
significant high values followed by (seaweed + K-phosphite)
in the two seasons while the untreated plants came in the last
order. The positive effect of seaweed extract, bacterial
mixture and K-phosphite was reported by Purwantisari et al.

Likewise, phosphite foliar treatment improves leaf
water use efficiency and carbon assimilation and increases
nitrate reductase-a key enzyme in N assimilation, resulting in
increased assimilation of inorganic N to build up plant organs
(Swarup etal., 2020). Also, the previous researcher found that
phosphite treatment increased zeatin, one of cytokinins, in
root tissues across all time points in wheat. In addition,
phosphite influences primary metabolism and cell wall-
associated processes (Liljeroth et al., 2016), which include the
production of primary and secondary metabolites that are
essential for plant growth and tolerance to different stresses
(Han et al., 2021). In potato, Tambascio et al. (2014) found
that potassium phosphite treatment increased plant leaf area
and dry weight.

Table 2. Effect of seaweed extract, the bacterial mixture, potassium phosphite and their combinations on growth
parameters of potato in 2019/2020 and 2020/2021 seasons.

Plant height (cm) Leaves No /plant Stolons No /plant  Fresh weight /plant (g) Dry weight /plant (g)
Treatments 1t 2 nd 1t 2 nd 1t 2 nd 1t 2 nd 1t 2 nd
T1 61.00c* 6766bc  25.00cC 31.66b 8.00c 833de  20414e 22056e 1521ef  1595ef
T2 55.66 e 62.00e 22.00d 26.33d 7.83¢c 8.00e 197.63f 219.40e  1553ef  16.08 ef
T3 5833d  66.00cd 24.83c  30.66bc 8.83b 9.33bcd  217.80c 233.29cd 17.02cd 17.89cd
T4 62.16bc 68.33bc  25.16¢ 31.00b 8.66 b 8.66cde 210.35d 22801d 1629de 16.62de
T5 63.83ab  69.66b 28.33b 35.00a 9.00b 10.33b  22842b 24541b  1954b  19.76ab
T6 57.16de  65.00d 2100d  28.33cd 8.66 b 966bc  21886c 236.83c 1825bc  19.05hc
T7 65.50a 72.66a 3133a 35.33a 10.16 a 1166a  233.26a 25190a 20.90a 2112a
T8 50.83e 57.66 f 16.33¢ 19.66 ¢ 6.16d 6.66 f 160.88g  183.82f 1438 f 1492 f

T1 (seaweed extract), T2 (bacterial mixture of B. paramycoides and A. nigricans), T3 (potassium phosphite), T4 (mixture of T1 and T2), T5 (mixture of
T1and T3), T6 (mixture of T2 and T3), T7 (mixture of T1, T2 and T3), and T8 (control of untreated plants). Values in each column followed by the
same letter are not significantly different at (P = 0.05).

Tuber yield Table 3. Tuber weight, tuber dry matter, tubers number/plant

The effect of foliar treatments, i.e., seaweed extract,
mixture of B. paramycoides and A. nigricans, K-phosphite
and their combinations on potato tuber yield is presented in

and tuber yield/fed positively affected by aforementioned
foliar treatments in the two seasons of 2019/20 and 2020/21.
The highest values were obtained by (seaweed + bacterial
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mixture + K-phosphite) treatment (T7) followed by (seaweed
+ K-phosphite) treatment (T5). In general, all treatments
significantly increased tuber yield and its components

compared to control (T8). Similar results were noticed by
Trdan et al. (2019), Ali et al. (2021b), Garai et al. (2021) and
Han et al. (2021).

Table 3. Effect of seaweed extract, the bacterial mixture, potassium phosphite and their combinations on yield attributes

of potato in 2019/2020 and 2020/2021 seasons.

- S -
Treatments ;l'slilbel’ weight ggzd Tulbgr dry matter (%0) Tulbgrs number /g!znt Tlikzter yield /fed ét;)dn)

T1 156.67 ¢ 157.18¢ 1553e 16.08 ef 394c 4.00d 17.678d 17964 ¢
T2 152.01d 152.23d 15.21 f 15.95 ef 395¢ 4.06 bed 17.155e 17.690¢e
T3 158.60 bc 159.87 bc 17.02d 17.89cd 396¢ 4.05cd 17.976 ¢ 18.500 cd
T4 157.84 bc 15840¢ 16.29de 16.62 de 3.95¢ 4.01d 17.833 cd 18.178 de
T5 159.62 ab 162.26 ab 1954b 19.76 ab 4.05b 4.10hc 18.490b 19.047b
T6 157.91 bc 158.58 ¢ 18.25¢ 19.05 be 399¢ 4.13b 18.028 ¢ 18.738 bc
T7 160.67 a 164.62 a 20.90a 21.12a 417a 421a 19.166a 19.833a
T8 145.10e 148.18 e 14.38 f 1492 f 3.82d 3.8%e 15.857 f 16.476 f

T1 (seaweed extract), T2 (bacterial mixture of B. paramycoides and A. nigricans), T3 (potassium phosphite), T4 (mixture of T1 and T2), T5 (mixture of
T1and T3), T6 (mixture of T2 and T3), T7 (mixture of T1, T2 and T3), and T8 (control of untreated plants). VValues in each column followed by the

same letter are not significantly different at (P = 0.05).

In the present study, seaweed extract improved potato
tuber yield and its components (Table 3). Such increment may
be due to the positive effect of plant growth regulators and
macro and micronutrients existing in seaweed extract on
potato vegetative growth which reflected on tuber yield.
However, seaweed extract increased tuber content of
phosphorous (Table 4), stimulated root mass, increased
nutrient uptake, developed tuber formation and improved
tuber yield of potato (October, 2017). In a study conducted by
Issa et al. (2019), it was reported that tuber numbers, tuber
weight, and tuber yield of potato increased compared to
control due to seaweed extract treatment.

Concerning bacterial inoculation, the increase in tuber
yield may be due to the increase in tubers number and weight
(Table 3). Plant growth promoting rhizobacteria (PGPR)
produce auxins, gibberellins and cytokines (Sansinenea,
2019) which contributed to the production of potato tubers.
Also, (PGPR) can protect the plant organs against different
phytopathogens (Kashyap et al., 2019). In this context, Tahir
et al. (2019) found that rhizobacteria inoculation increased
potato tuber weight grown in normal or salt stress conditions.
In a similar way, Hassani et al. (2016) indicated that
inoculated potato plants with B. megaterium and B. subtilis
caused enhancement of the tuberization and yield.

As to phosphite (Phi), it may affect sugar metabolism,
cause changes in internal hormonal, and stimulate the
shikimic acid pathway, leading to increased tuber yield of
potato (Lovatt and Mikkelsen, 2006). Additionally, Phi may
induce many molecular, biochemical and physiological

processes leading to increasing crop production
(GoémezMerino and Trejo-Téllez 2016).
Tuber quality

Potato tubers content of N, P, K, starch and
carbohydrates were well responded to foliar treatments
compared to untreated plants. Sprayed potato plants with
seaweed extract plus the mixture of B. paramycoides and A.
nigricans plus K-phosphite (T7) produced potato tubers with
higher content of nutrients, starch and carbohydrates in
comparison with other studied treatments. B. paramycoides
and A. nigricans mixture + K-phosphite (T6) and B.
paramycoides and A. nigricans mixture + seaweed extract

(T5) foliar treatments came second and third, respectively.
Disregard control, when compared the sole treatments,
potassium phosphite surpassed seaweed and bacterial mixture
treatments in all parameters. Similar findings were noticed by
Abdel-Gaied et al. (2020) and EI-Anany et al. (2020).

The enhancing effect of seaweed extract foliar
treatment on the tubers content of N, P and K (Table 4) may
be attributed to its role in regulating some root nutrient
transporter genes (EI-Boukhari et al., 2020) which led to more
uptake of nutrients. Furthermore, seaweed could contribute to
break down the polysaccharides of the cell wall and
increasing sugar contents within the tuber tissues (Abido et
al., 2020) which, in turn, enhanced the potato tuber quality.

Concerning bacterial treatment, it can improve the
availability of N, P and K nutrients in potato tubers through
the production of some organic acids and other chemicals,
which stimulate plant growth and nutrient availability (Ali et
al., 2021b). Moreover, PGPR increased root branching
(Purwantisari et al., 2019) which led to increased mineral
absorption and accumulation in tubers. Our results are in line
with those found by Ali et al. (2021b) they showed that
inculcated potato plants with PGPR significantly increased
the uptake of N, P and K by 34%, 32% and 62%, respectively
compared to the control.

Additionally, potassium phosphite produced potato
tubers with higher values of N, P, K, starch and carbohydrtaes
and that might be due to the role of phosphite in improving N
mobilization resulting in a higher nutrient efficiency (Swarup
et al., 2020). Furthermore, in sugarcane, K-phosphite
probably improves soluble solids availability by releasing
water-soluble inorganic ions like P and K, and signaling of
phytoalexins  synthesis and antimicrobial secondary
metabolites which protect plants from pathogens (Moreira et
al., 2019). In potato, Achary et al. (2017) found that phosphite
foliar ~ treatment increased  pectin  content and
polygalacturonase activity and induced the formation of a
new chitinase isoform in tubers. In another study, Xi et al.
(2020) reported that some biosynthetic pathways of low-
molecular-weight metabolites like glucose and fructose were
activated by Phi application.
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Table 4. Effect of seaweed extract, the bacterial mixture, potassium phosphite and their combinations on tuber quality

of potato in 2019/2020 and 2020/2021 seasons.

N % P % K% Starch % Carbohydrates %
Treatments 1st 2 nd 1st 2 nd 2 nd 1st 2 nd 1st 2 nd
T1 2.28d 2379 0.324d 0.330f 2.83¢g 290g 9.84e 10.33ef  24.99de 2550d
T2 2.33d 242 f 0.331c 0.342e 292f 3.00f 9.55 ef 1022ef  2533cd  25.83d
T3 244c 255e 0.346 b 0.352¢c 3.15d 3.22d 11.17d 1194cd 2550bcd 26.24c
T4 250c¢c 2.60d 0.340b 0.345d 3.05e 310e 1052de 10.8l1de 25.71bc  26.60c
T5 258b 269¢c 0.354a 0.364b 320c 327c 1341b  136lab 26.02abc 26.98b
T6 2.62ab 2.72b 0.357a 0.365b 3.25b 3.32b 12.26 ¢ 1297bc  26.18ab 27.11b
T7 2.67a 277a 0.360a 0.369a 329a 3.39a 14.63a 1482a 26.47a 27.61a
T8 2.18e 2.26h 0.314e 0.322¢g 2.70h 2.74h 8.82f 9.30 f 2459¢e 25.06e

T1 (seaweed extract), T2 (bacterial mixture of B. paramycoides and A. nigricans), T3 (potassium phosphite), T4 (mixture of T1 and T2), T5 (mixture of
T1and T3), T6 (mixture of T2 and T3), T7 (mixture of T1, T2 and T3), and T8 (control of untreated plants). Values in each column followed by the

same letter are not significantly different at (P = 0.05).

CONCLUSION

From the finding of this study it can be concluded that
spraying potato plants with seaweed extract at 0.5 g/L, the
bacterial mixture of B. paramycoides and A. nigricans at 1
cm?®/L and K-phosphite at 2.5 cm?/L three times, starting from
20 days after planting, and repeated every 15 days was
effective practice for increasing potato growth and
productivity and improving tuber quality under similar
conditions of the study.
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