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INTRODUCTION

ABSTRACT

This experimental study was conducted during the spring season
of 2018/2019 and 2019/2020 at the Experimental Station of Alexandria
University located at Abies, Alexandria, Egypt, to investigate the effect
of using compost, Pseudomonas fluorescens, and Arbuscular Mycorrhizal
fungus (Glomus intraradices) on the yield and quality of potato tubers
(Solanum tuberosum) under three irrigation intervals (every 3, 6 and 9
days). The field experiment was carried out using a randomized complete
block design with three replicates. The treatments were controlled, NPK
as recommended dose, AMF (G. intraradices), Pseudomonas fluorescens,
compost, AMF and Pseudomonas fluorescens, AMF and compost,
Pseudomonas fluorescens and compost, AMF and Pseudomonas
fluorescens and compost. Results showed that dual inoculation (G.
intraradices, and P. fluorescens) and the interaction between dual
inoculation (AMF + P. fluorescens) and compost had a significant impact
on root and shoot dry weights, plant height, tuber weight, and tuber
number/plant of the potato plants at all the irrigation intervals compared
to un-inoculated control plants and other treatments. The highest mean
values total tuber yield (12.01, and 13.19 ton/fed) for first and second
seasons respectively. Plant biomass were (15.77, and 18.55 g) and
(149.77, and 165.88 g) for root and shoot dry weights respectively after
90 days. In conclusion, it can be summed up that AMF inoculation
combined with PGPR and compost has a positive effect on the growth and
quality of the potato crop in drought conditions.

Potato tubers (Solanum tuberosum) have been developed for over 6000 a long time.
Currently, potato is one of the foremost momentous crops all over the world (Alamar et
al.,2017), as it is grown for many purposes as food, industrial uses, and seed tuber production,
depending on the locale, nation improvement, and historical reasons (Dolnicar 2021).In Egypt,
potato is considered one of the most important grown crops (Dewedar et al.,2021).
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Environmental conditions are serious
limiting factors for growth and yield in crops,
among these variables are drought, salinity
stress, and extreme temperatures, which
dehydrate the plant tissues and cause
irreversible cellular damage and death
(Bartels and Sunkar 2005).Drought is one of
the most devastating stress factors that
significantly ~ lower crop  productivity
(Lambers et al.,2008).

Arbuscular Mycorrhizal Fungi is an
obligate soil fungi that can't be cultured in the
absence of host plant roots (Nurbaity et
al.2019). The symbiosis of plants with AM
often increases nutrient uptake, accumulation
of biomass, an increase in photosynthetic
rates, and a decrease in root respiration and
water use (Balliu et al.,2015). During stress
conditions such as drought, AM fungus
produces growth regulators that help the plant
to cope with its environment; it also has the
potential to reduce plant stress by
accumulation and immobilization of heavy
metals in polluted soil (Bostrom 2020).

In Agriculture practices, compost has
been used to improve crop yield and quality
of the soil. As it is a rich source of vital
mineral nutrients, thus reduces the need for
the application of inorganic fertilizers (Rasool
et al.,2021).AM can be associated positively
with natural materials in the soil; therefore the
presence of growing substrates from organic
materials could have advantages to increase
fungal performance (Nurbaityet al.,2019).
Rhizobacteria of Pseudomonas spp. the group
is profitable for plants, ameliorating soil
fertility, and functioning as biological control
factors for plant pathogens and increasing
plant resistance (induced systemic resistance;
ISR) (McMillan 2007).

The co-inoculation of PGPR and AMF
can improve the nutrient use efficiency of
fertilizers. Also, PGPR and AM inoculation could
mitigate the detrimental effect of stresses through
enhancing photosynthetic efficiency,
overproduction of antioxidant enzymes and/or
non-enzymatic antioxidants, and/or activation of
the mycorrhizal induced resistance mechanism by
bypassing plant defense (Anli et al.,2020). PGPR
are able to increase AM fungal development by

affecting root colonization as well as by
enhancing plant N and P uptake (Miransari 2011).
Meanwhile, AMF affects the compositions of the
bacterial community directly or indirectly through
plants. The development of the mycorrhizal
fungal mycelium can serve as a carbon source to
PGPR as well as other rhizosphere microbial
communities and introduce physical
modifications into the environment surrounding
the roots (Kumar et al,.2017).

The key objective of this study is
evaluating the effect of inoculation with AMF and
PGPR, alone or as combination between the
different microorganisms in the presences of
compost on the growth, yield, chemical content of
potato plants cultivated under exertion of water
shortage, as comparison with NPK mineral
fertilizer and control plants.

MATERIALS AND METHODS

Soil Physico-chemical analysis of the
surface layer (0-30 cm) of the experimental
field was as follows: pH 7.75, E.C. 1.95(dSm"
1), available N: 51.08 mg/kg, available P: 3.95
mg/kg and available K: 111.85 mg/kg. Soil
texture was clay loam according to (Stotzky
et al.,1993). Tubers of the potato (Solanum
tuberosum) cultivar (Cara) were imported
from the Dutch General Inspection Service
for Agricultural Seed and Seed Potatoes
(NAK), Netherlands.

Bio-Inoculums Preparation:

The mycorrhizal strain  (Glomus
intraradices), the isolation and, the
identification was done by (Aboul-Nasr
1993). The inoculum consists of expanded
clay aggregates (2-4 mm in diameter, leca),
containing chlamydospores and fungus
mycelium, which had been produced on
Tagetes erecta L. (Aboul-Nasr 2004).
Inoculant was thrown at the rate of 100 g per
plot (5 m?) under potato tubers.

Pseudomonas  fluorescens  strain
(DSM 50090) was obtained from the Bio-
fertilization unit, Faculty of Agriculture, Ain
Shams University, Cairo, Egypt. Two liters of
the bacterial suspension (3.9 x107 viable
cells/ml) were added as soaking tuber with
bacterial suspension.

NPK Fertilizers:

Nitrogen fertilizer mentioned as 150

Kg/fed of ammonium sulphate ((NHa4) 2SO4)
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was added at planting time. Phosphorus
fertilizer (mono-calcium phosphate P2Os) was
added as 400 kg/fed and, potassium fertilizer
(K20) 104 kg /fed was added at two equal
doses at planting and flowering time. Mineral
fertilizers were used in this study for both
growing seasons as the recommended dose
(100%).

Compost:

Compost was added a week before
planting at 100% of the recommended dose (6
ton/feddan). Characteristics of the compost
were: pH 7.53, E.C:3.25(dSm™), total N (%):
1.1, total P (%): .68, total K (%): 1.15 as per
Cairo University Research Park.

Field Experiment:

The experiments were carried out
during the summer seasons of 2018/2019 and
2019/2020 at Experimental Station of
Alexandria University located at Abies,
Alexandria, Egypt. Two field experiments
were laid out in a randomized complete block
design with three replicates, three intervals of
irrigation (every 3, 6 and 9 days). The
treatments were conducted as follows:
(Control, NPK mineral fertilizer, Glomus
intraradices, Pseudomonas fluorescens,
compost as organic fertilizer, AMF and
bacteria, AMF and compost, P. fluorescens
and compost, and combination between G.
intraradices, P. fluorescens and compost)

The  Following  Parameters  Were
Measured:
The Percentage of Mycorrhizal Root
Length Colonization:

The  mycorrhizal  root length

colonization percentage was estimated after
60 and 90 days from germination, according
to (Koske and Gemma 1989). The methods
modified according to (Giovannetti and
Mosse 1980).
Root and Shoot Dry Weights (g/plant):
The sample of 15 plants (five per plot)
was dried at 65°C till constant weight. The
average weight was calculated for each
sample.
Biological Yield Parameters:
Tuber weight/plant (g) and tuber
number recorded from a sample of 15 plants
from each treatment (five per plot) were

weighed the average weight was calculated
for each sample (g) the plants were harvested
after 120 days from germination.

Chemical Analysis:

Five plant samples were taken from
each plot, at harvest, washed with running tap
water, then distilled water. Samples were
dried at 65°C till the weight is constant. After
dryness, the plant samples were milled well
and stored for analysis. 0.5g of plant powder
was wet-digested with H.SO4 — H20- digest
(Lowther 1980)and the following
determinations were carried out in the
digested solution.

Nitrogen content (%b):

Total nitrogen was determined in
digested plant material calorimetrically by
Nessler's method (Chapman and Pratt 1978)
using 1 ml of Nessler solution (35g 1K/100 ml
dw + 20g HgCI/500 ml dw) +120g
NaOH/250 ml d.w. Reading was achieved
using a wave length of 420 nm.

% N = NH4% % 0.776485
Phosphorus Content (%o):

Total phosphorus was determined by
the Vanadomolyate yellow method as given
by (Jackson 1973) and the intensity of color
developed was read in a spectrophotometer at
the wavelength of 405nm.
Determination of Chlorophyll
(SPAD):

Chlorophyll index was measured by
chlorophyll meter device (SPAD 502)
(Arjenaki, Jabbari et al., 2012).

Total Sugars (%o):

Total sugars were determined in fresh
tubers samples according to (Malik and Singh
1980). Sugars were extracted from 5 g fresh
weight and determined by phenol sulfuric and
Nelson arsenate—molybadate colorimetric
methods for total and reducing sugars,
respectively. The non-reducing sugars were
calculated by the difference between total
sugars and reducing sugars.

Starch Contents (%0):

Tuber starch percentage (%) was
determined using a sample of 0.1 g of the
residue by hydrolysis with concentrated HCI
for 3h under reflux condenser (AOAC, 1985).
The total reducing sugars were determined

Index
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according to the method of(Malik and Singh
1980)and factor 0.9 was used to calculate the
starch (Woodman 1941).

Statistical Analysis:

Data were statistically analyzed by
ANOVA, the analysis of variance to test the
effect of the treatment on different measured
parameters. Data were analyzed using an
ANOVA randomized complete block design,
the differences between the different
treatment combinations were tested using
Duncan's Multiple range method outlined by
(Snedecor and Cochran 1982). Data for the
percentage of root length colonization were
analyzed using angular transformation (Steel
and Torrie 1982).

RESULTS

Effect of inoculated potato plants with
AMF (Glomus intraradices) and
Pseudomonas fluorescens that interact with
compost and mineral fertilizers NPK On
Growth Parameter Under Three Irrigation
Intervals:

AM Colonization Percentage (%):

The percentage of mycorrhizal root
length colonization was estimated when
plants were 60 and 90 days from germination.
Data in Table (1) shows that AM root
colonization was significantly increased with
all the different irrigation intervals in the first
season. The highest values were at the first
irrigation interval (every 3 days) which were

(28.66, and 30.62), and the lowest ones was
(23.86, and 25.59) after 60 and 90 days each
in turn. There were no significant differences
between the values of AM inoculation as a
single factor, as well as in the case of dual
inoculation with AM and compost. On the
other hand, the results showed significant
differences between the dual inoculation
(Glomus intraradices + Pseudomonas
fluorescens) which values were (60.03, and
65.55) after 60 and 90 days, respectively, and
the triple treatments (AM + Pseudomonas
fluorescens + compost), had values were
64.07, and 68.55 after 60 and 90 days,
respectively. In the second season, there was
no significant difference between the first and
second irrigation levels at 60 days, while at 90
days there was a significant difference
between the three levels. Moreover, the
results shown that there were a significant
differences  between all  mycorrhizal
inoculation treatments, and the highest values
were obtained in the case of dual inoculation
(AM + Pseudomonas fluorescens) and
compost the values were 62.44, and 70.55,
followed by the inoculation with both AM
fungus and Pseudomonas fluorescens
.Obtained data illustrated that there were no
significant impact between AM colonization
percentage under the three intervals of
irrigation furthermore, enhanced by adding
compost and Pseudomonas fluorescens .
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Table 1: Effect of inoculated potato plants with AMF (Glomus intraradices) and Pseudomonas
fluorescens on arbuscular mycorrhizal root colonization percentage under three

irrigation intervals in the first and second seasons (2018/2019 and 2019/2020).

Parameters
Irrigation Treatments AM colonization (%)
intervals 15t Season 2 " Season
60 days 90 days 60 days 90 days
Control 0.67 0.33 0.33 0.00
NPK 0.90 0.67 0.33 1.00
IR1 AMF 58.00 67.00 59.67 69.33
(3 Days) Pseudomonas fluorescens 0.88 1.00 0.83 0.67
Compost 0.33 0.00 0.33 0.33
Compost + P. fluorescens 1.21 1.67 0.94 1.00
Compost + AMF 62.33 65.00 59.33 64.67
AMF + P. fluorescens 66.33 68.00 60.33 69.33
AMF + P. fluorescens + Compost 69.33 72.00 62.67 73.33
Control 0.43 0.00 0.50 0.33
NPK 0.89 0.00 1.00 0.67
IR2 AMF 52.33 64.67 53.00 66.67
(6 Days) Pseudomonas fluorescens 0.44 0.33 0.44 0.00
Compost 1.77 0.33 0.53 0.33
Compost + P. fluorescens 0.00 0.33 0.33 1.00
Compost + AMF 56.67 58.33 58.67 60.67
AMF + P. fluorescens 61.67 67.67 62.67 69.67
AMF + P. fluorescens + Compost 63.00 70.00 65.33 72.67
Control 0.44 0.00 0.00 0.00
NPK 0.00 0.33 0.53 0.00
IR3 AMF 49.00 56.33 50.33 57.33
(9 Days) Pseudomonas fluorescens 0.00 0.00 0.33 0.33
Compost 1.00 0.33 0.00 0.33
Compost + P. fluorescens 1.32 0.00 0.83 0.66
Compost + AMF 51.00 48.67 52.67 50.33
AMF + P. fluorescens 52.10 61.00 53.00 62.67
AMF + P. fluorescens + Compost 59.89 63.67 59.33 65.67
Irrigation rates 3 days 28.66% 30.622 27.192 31.072
6 days 26.35° 29.07° 26.942 30.22°
9 days 23.86° 25.59¢ 24.11° 26.37°¢
L.S.D. 005 2.12 1.30 2.11 0.73
Treatments Control 0.51¢ 0.11¢ 0.27¢ 0.11¢
NPK 0.594 0.33° 0.62 0.55¢
AMF 52.77° 62.67 °© 5433 ¢ 64.44°
Pseudomonas fluorescens 0.44¢ 0.44° 0.53¢ 0.33¢
Compost 1.03¢ 0.22¢ 0.28¢ 0.33¢
Compost + P. fluorescens 0.84¢ 0.67 ¢© 0.70d 0.88°
Compost + AMF 56.33° 57.33 56.88P¢ 58.554
AMF + P. fluorescens 60.03° 65.55P 58.66° 67.22°
AMF + P. fluorescens+ Compost 64.072 68.55% 62.442 70.552
L.S.D. 005 3.68 2.26 3.66 1.28
Irig. X Treatm L.S.D. 005 * * * *

- Means followed by different letters in the same column differ significantly according to the Duncan test at P<

0.05, n= 5 plants.
- *: significant difference at 0.05 level of probability.

Root and Shoot Dry Weights (g/plant):
Data from the first season which
recorded in Table (2) shows that the
interaction between treatments had a
significant effect on root dry weight, the
highest mean values were (4.70, and 19.67 Q)
after 60 and 90 days, respectively, both in

case of the interaction between dual
inoculation  (Glomus intraradices  +
Pseudomonas fluorescens), and compost in
case of the first irrigation intervals (3 days).
Similar results were obtained in the second
season as the highest mean values were (6.24,
and 23.33 g/ plant), respectively, in case of the
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three treatments. Moreover, the values of the
dual inoculation (AM + Pseudomonas
fluorescens) were 17.33, and 19.33 (g/plant)
at the both seasons after 90 days. The
irrigation intervals had a significant
difference on the root dry weight separately
while, in contrast the microorganism’s
inoculation and compost increased the potato
drought tolerance. In the second season, the
effect of irrigation intervals also had a
significant difference on the root dry weight.

Table (3) showed that the highest
mean values of shoot dry weight after 60 and
90 days from sowing were (31.43, and 138.63
g/plant), respectively, at the first irrigation
interval (every 3 days), while water shortage
decreased the shoot dry weight values in case
of control plants although, the inculcation
with both mycorrhizal fungi and plant growth
promoting bacteria increased the shoot dry
weight values under draught stress after 90
days it was (117.33, and 136.33 g/plant) in
case of the third irrigation interval (every 9
days). Table (3) also, showed that there were
significant differences in the shoot dry weight
between dual and triple inoculation in the first
season, while the difference between the dual
inoculation and AM inoculation alone was not
significant. The data were recorded from the
dual inoculation (AMF, and Pseudomonas
fluorescens) were (32.64, and 151.11 g/plant).
While, the AM inoculation, after 60 and 90
days had (28.42, and 145.22 g/plant),
respectively. Regarding the second season's
results the triple treatments (AM +
Pseudomonas fluorescens + compost)
obtained the highest mean values at 34.69,
and 165.88 (g/plant) after 60 and 90 days,
respectively, followed by the inoculation with
Glomus intraradices, and Pseudomonas
fluorescens while, the lowest ones were
(13.62, and 46.44 g/plant) each in turn, both
from the control plants.

Tuber Number/ Plant:

The data was shown in Table (4)
indicates that the average of tuber number/
plant was significantly affected due to the
irrigation intervals. When looking at the effect
of inoculation it is stated that there was a
significant difference between AMF (Glomus
intraradices) inoculation moreover, the
interaction between fungal and bacterial
inoculation in the presence of compost had
higher tuber number/ plant, it was (8.17
tuber/plant), in other words, inoculation with
AMF achieved the same average data whether
alone or combined with bio fertilization
and/or organic fertilization. All treatments
showed significant differences compared to
plants inoculated with NPK fertilizer and
control potato plants. This trend was seen in
both seasons (2018/2019, and 2019/2020)
after 120 days.

Total Yield (ton/fed):

Results of Table (4) demonstrated that
the total tuber vyield had significantly
increased with bio-fertilizer compared with
un-inoculated plants in the first season,
enhanced by adding the compost treatment
(AM + Pseudomonas fluorescens, and
compost). The highest mean obtained in the
first and second seasons they were (12.01 and
13.19 ton/fed), respectively. Data analysis
recorded that the total tuber vyield was
decreased by the irrigation shortage while, the
potato plants treated with bio and/or organic
fertilizers had a significant impact in turn.
ANOVA analysis revealed a significant
difference between all treatments and the
irrigation intervals. Plots which treated with
compost or bio-fertilizer or mineral fertilizer
as single factor had significantly lower
marketable yield than those that received
combination of different factors.
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Table 2: Effect of inoculated potato plants with AMF (Glomus intraradices) and Pseudomonas

fluorescens on root dry weight under three irrigation intervals in the first and second

seasons (2018/2019 and 2019/2020).

Irrigation Parameters
intervals Root dry weight (gm/plant)
Treatments 15t Season 2" Season
60 days 90 days 60 days 90 days
Control 2.95 4.67 3.22 5.67
NPK 3.14 7.67 3.90 8.33
3'5 1 AMF 4.01 13.33 4.80 16.67
(3 Days) Pseudomonas fluorescens 3.23 8.67 3.80 11.67
Compost 3.32 9.67 3.32 10.67
Compost + P. fluorescens 3.39 10.67 3.47 13.33
Compost + AMF 4,14 15.33 3.61 17.67
AMF + P. fluorescens 4.67 17.33 5.88 19.33
AMF + P. fluorescens + Compost 470 19.67 6.24 23.33
Control 2.23 3.33 2.39 4.67
NPK 2.75 6.67 3.40 8.00
R 2 AMF 3.43 12.00 4.41 15.33
(6 Days) Pseudomonas fluorescens 2.47 6.33 3.01 7.33
Compost 3.22 8.33 3.27 11.67
Compost + P. fluorescens 3.27 9.33 4.16 13.33
Compost + AMF 3.32 12.67 3.23 15.00
AMF + P. fluorescens 3.78 13.67 4.86 15.33
AMF + P. fluorescens + Compost 4.05 15.00 5.44 17.67
Control 1.34 1.67 1.24 2.33
NPK 2.06 4.67 2.73 5.67
9'53 AMF 3.10 9.33 3.76 11.67
(9 Days) Pseudomonas fluorescens 2.47 4.00 2.42 4.33
Compost 2.94 5.67 3.11 6.00
Compost + P. fluorescens 3.09 6.33 3.12 8.67
Compost + AMF 3.39 10.67 3.88 12.67
AMF + P. fluorescens 3.31 11.33 3.92 13.67
AMF + P. fluorescens + Compost 3.61 12.67 410 14.67
3 days 3.72¢2 11.882 4252 14.07 2
6 days 3.16° 9.70 " 3.79° 12.03°
9 days 2.81°¢ 7.37°¢ 3.16°¢ 8.85°
L.S.D. 0.05% 0.17 1.05 0.33 1.23
Treatments Control 2.179 3.22°F 2.28 4 4.22¢
NPK 2.65 " 6.33 ¢ 3.34°¢ 7.334
AMF 3.51¢ 11.55¢ 432° 14,55
Pseudomonas fluorescens 2.72fF 6.33°¢ 3.07°¢ 7.774
Compost 3.16¢ 7.88 de 3.23¢ 9.44d
Compost + P. fluorescens 3.24 d 8.77¢ 3.63° 11.77°¢
Compost + AMF 3.61 ¢ 12.88 bc 3.57°¢ 15.11°
AMF + P. fluorescens 3.928 14,112 4.89 a 16.11°
AMF + P. fluorescens+ Compost 4122 15.77 2 5262 18552
L.S.D. 0.05 0.30 1.81 0.57 2.14
Irig. X Treatm L.S.D. 005 * * * *

- Means followed by different letters in the same column differ significantly according to the Duncan
test at P< 0.05, n= 5 plants.
- *: significant difference at 0.05 level of probability.
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Table 3: Effect of inoculated potato plants with AMF (Glomus intraradices) and Pseudomonas
fluorescens on shoot dry weight under three irrigation intervals in the first and second
seasons (2018/2019 and 2019/2020).

Parameters
Irrigation Shoot dry weight (gm/plant
intgrvals Treatments 15t Season e Zp"d Se;son
60 days 90 days 60 days 90 days
Control 21.48 70.67 23.86 74.33
NPK 27.61 101.33 28.96 109.67
AMF 35.04 165.00 38.52 173.33
Pseudomonas fluorescens 30.71 133.66 28.83 135.67
IR1 Compost 31.32 140.33 33.30 144.67
(3 Days) Compost + P. fluorescens 33.13 133.33 32.94 140.33
Compost + AMF 28.03 147.67 31.13 147.67
AMF + P. fluorescens 36.59 180.00 30.50 186.33
AMF + P. fluorescens + Compost 38.98 175.67 40.76 197.67
Control 16.94 41.33 17.55 45.67
NPK 22.56 83.67 23.96 90.67
AMF 26.69 150.67 28.83 161.33
Pseudomonas fluorescens 22.63 93.67 21.91 100.67
Compost 24.27 109.33 24.85 116.67
IR2 Compost + P. fluorescens 25.56 105.00 24.32 114.33
(6 Days) ["Compost + AMF 30.15 133.00 28.82 142.00
AMF + P. fluorescens 33.11 154.00 31.30 160.33
AMF + P. fluorescens + Compost 34.25 156.33 35.10 163.67
Control 6.06 16.67 6.21 19.33
NPK 16.36 62.67 17.12 65.33
AMF 23.54 120.00 21.73 134.33
Pseudomonas fluorescens 11.63 61.33 18.26 73.33
IR3 Compost 22.92 78.33 20.91 81.67
(9 Days) Compost + P. fluorescens 26.51 71.00 23.10 80.67
Compost + AMF 29.60 110.67 27.56 117.00
AMF + P. fluorescens 28.23 119.33 29.68 132.67
AMF + P. fluorescens + Compost 31.95 117.33 30.26 136.33
o 3 days 31.43 2 138.632 | 138.632 | 14551¢%
'”;ggg’” 6 days 2623 P | 11411° | 114.11° | 121.70°
9 days 21.86 °© 84.14 ¢ 84.14° 93.40°¢
L.S.D. 0.05% 1.40%** 6.55*** | 6.55%** | 4.26%**
Control 14.82 © 42887 13.62F 46.44 9
NPK 22.17 ¢ 82.55¢ 21.56 ¢ 88.55f
AMF 28.42 e 145.22 2 30.182 156.33 P
Pseudomonas fluorescens 21.65 ¢ 96.22¢ 25.32d 103.22 ¢
Treatment =m0 oost 26.17 © | 109.33° | 24.41° | 114.339
S Compost + P. fluorescens 28.40 b | 103.11°¢ | 31.11°% | 111.77¢
Compost + AMF 29.26 P 130.44 ° 32.50° 135.55°
AMF + P. fluorescens 32.64 @ 151.112 33.972 159.77 @
AMF + P. fluorescens+ Compost 35.06 @ 149.77°° 34.69° 165.88 2
L.S.D. 005 2.43%** 11.34*** | 11.34*** | 7 39***
Irig. x L.S.D. o005 % * * *
Treatm

- Means followed by different letters in the same column differ significantly according to the Duncan
test at P< 0.05, n=5 plants.
- *: significant difference at 0.05 level of probability.
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Table 4: Effect of inoculated potato plants with AMF (Glomus intraradices) and Pseudomonas
fluorescens on yield parameters under three irrigation intervals in the first and second
seasons (2018/2019 and 2019/2020).

Irrigation Parameters _
. Treatments Tuber’s number/plant Yield (ton/fed)
intervals 15t Season | 2" Season | 15'Season | 2" Season
Control 5.67 6.33 7.19 8.27
NPK 6.33 8.33 11.49 12.46
IR1 AMF 7.50 9.33 13.87 15.76
(3 Days) Pseudomonas fluorescens 5.67 6.67 8.02 8.97
Compost 6.33 9.00 10.82 12.23
Compost + P. fluorescens 6.00 8.00 10.50 12.04
Compost + AMF 8.00 8.67 15.12 16.24
AMF + P. fluorescens 8.00 9.67 14.74 15.07
AMF + P. fluorescens + Compost 8.17 10.67 16.09 17.37
Control 5.33 5.67 5.85 6.60
NPK 6.67 7.67 10.61 11.73
AMF 7.67 9.00 13.16 14.12
(6I§a§/s) Pseudomonas fluorescens 6.00 6.33 8.81 10.62
Compost 6.33 5.67 9.68 10.15
Compost + P. fluorescens 6.00 6.00 9.24 9.48
Compost + AMF 7.00 8.33 12.37 12.95
AMF + P. fluorescens 7.67 8.67 13.80 14.67
AMF + P. fluorescens + Compost 7.17 66.00 13.12 14.6
Control 4.33 3.67 2.12 2.29
NPK 5.00 5.33 4.88 6.53
IR3 AMF 5.33 6.00 5.83 6.17
(9 Days) Pseudomonas fluorescens 4.00 4.67 3.00 4.33
Compost 4.00 4.33 3.97 4.98
Compost + P. fluorescens 5.33 5.33 5.53 6.19
Compost + AMF 5.00 4.67 6.01 7.34
AMF + P. fluorescens 5.33 6.67 6.13 6.76
AMF + P. fluorescens + Compost 5.67 6.33 6.84 7.60
Irrigation 3 days 6.85 @ 8.51 2 11.962 13.162
rates 6 days 6.64 @ 7.44 b 10.73° 11.66°
9 days 488 b 522 ¢ 492°¢ 5.80°¢
L.S.D. 005 % 0.44 0.80 0.84 0.35
Treatments | Control 511 ¢ 522 d 5.052 ¢ 5.722f
NPK 6.00 be 7.11be 8.99° 10.24 ¢
AMF 6.83 @ 8.11 @ 10.952 12.02°
Pseudomonas fluorescens 522 d 5.88 o 6.56 © 7.97¢
Compost 555 6.33 o 8.15" 9.124
Compost + P. fluorescens 577 6.44 © 8.42° 9.24 ¢
Compost + AMF 6.66 @ 7.22 be 11.162 12.18°
AMF + P. fluorescens 7.00 2 8.33 @ 11552 12.17°
AMF + P. fluorescens+ Compost 7.00 2 8.88 @ 12.012 13.192
L.S.D. 005 0.77 1.39 1.45 0.62
Irig. x L.S.D. 005 - - * *
Treatm

- Means followed by different letters in the same column differ significantly according to the Duncan test at P<

0.05, n= 5 plants.

- *: significant difference at 0.05 level of probability.
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Effect of Inoculated Potato Plants with
AMF (Glomus intraradices) and
Pseudomonas fluorescens On Chemicals
Analysis Under Three Irrigation Intervals
in First and Second Seasons (2018/2019
and 2019/2020).

ANOVA analysis presented in Figures
(1, 2, 3, and 4) illustrated that all treatments
factor influenced the proline content,
chlorophyll content, total sugars, and
reducing sugars concentration which increase
potatoes crop quality. However, the three
irrigation intervals had also a significant
impact on all values in the first growing
season and the same trend for the second
season.

Proline Content:

Figure (1) and Table (5), showed that
there were no significant differences between
the values of proline in the three irrigation
levels. While plants inoculated with AM
showed significant differences compared to
un-inoculated plants, the difference among
the triple treatments as compared with control
plants it was 14.9% more than untreated
plants.

Chlorophyll Content:

Chlorophyll (SPAD total estimated
chlorophyll A) content was affected
according to drought conditions and the other
treatments. The highest chlorophyll content
was recorded in case of irrigated plants every
3 days and followed by 6 then 9 days. In The
first and second seasons the higher values
were obtained with the two inoculation that
interact with compost as presented in Table
(5).

Total Sugars and Reducing Sugars:
Data presented in Figure (3) shows
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that there were no significant differences in
the total sugars content between the three
irrigation levels, while in the second season
there was a significant difference between
both the first and second irrigation levels and
the third irrigation intervals, which indicated
that the possibility of reducing the amount of
irrigation by one-third without affecting the
content of the total sugars in the tubers.

A significant increase was observed in
the reducing sugars content in case of the
interaction between AMF and Pseudomonas
fluorescens, the percentage of increases was
44.44% compared to un-inoculated plants, in
the first season Figure (4). On the other hand,
no significant difference was shown in the
second season. Also, there were no significant
differences between the three irrigation
intervals in both seasons.

Nitrogen and Phosphorus Content:

The results in Table (6) clearly show

that the nitrogen content in leaves was
significantly affected by both the irrigation
intervals and mycorrhizal inoculation. It also
showed that AMF as a single inoculation
achieved the highest mean values in the two
seasons, which were (0.0298 and 0.0302 %),
respectively.
Data presented in Table (6) showed the
superiority with the triple treatments, as it
achieved significant differences and an
increase in phosphorous content of up to 29%
compared to the percentages achieved by
adding mineral fertilizers NPK. Phosphorous
content was affected by drought in the first
season, while the results did not show a
significant difference between the second and
third irrigation levels in the second season.
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Fig.1: The result of a two-way ANOVA (LSD o.05) showing the effects of the factors of

different treatments and irrigation intervals on proline content (mg/gDW)

Table 5: Effect of inoculated potato plants with biofertilizers that interact with compost and
mineral fertilizers on chemical parameters under three irrigation intervals during the

two seasons (2019/2020).

Irrigation Treatments Parameters
levels Proline Chlorophyll (60 days) Total Sugars Reducing Sugars
S 1 S S 1 S 2 S 1 S Season 1 | Seasom 2

Control 62.35 6145 54.50 5548 12 13 0.11 0.12

NPK 60.55 6047 57.30 58.90 15 15 0.16 0.16

R1 AMF 68.35 67.8 64.83 66.29 14 15 0.18 0.2

(3 Days) Pseudomonas fluorescens 64.68 63.76 56.27 57.78 0.9 1.03 0.09 0.09

Compost 62.77 62.74 68.43 66.66 1 1.1 0.09 0.1

Compost + P fluorescens 61.55 61.51 67.33 67.82 11 1.23 0.15 0.16

Compost + AMF 66.37 66.36 79.23 68 1 12 0.16 0.13

AMF + P fluorescens 70.2 70.03 65.13 67.21 11 133 0.22 0.19

AMF + P fluorescens + Compost 72.53 72.11 67.53 69.99 13 14 0.14 0.21

Control 61.62 60.83 46.83 47.16 0.9 1.03 0.09 0.12

NPK 53.71 62.1 50.73 50.22 16 1.7 0.16 0.15

AMF 66.37 66.86 56.23 58.74 15 1.7 0.14 0.16

IR2 Pseudomonas fluorescens 66.56 66.27 53.17 52.2 0.8 1 0.09 0.1

(6 Days) Compost 60.67 61.87 53.03 53.28 1 116 0.11 0.13

Compost + P fluorescens 61.61 61.63 5997 60.31 12 136 0.14 0.15

Compost + AMF 67.49 67.33 60.83 62.65 11 126 0.14 0.14

AMF + P fluorescens 69.47 69.5 62.60 61.64 1 1.13 0.16 0.16

AMF + P jfluorescens + Compost 70.66 7047 63.67 6543 12 1.56 0.13 0.18

Control 59.06 5941 44.80 43.67 0.8 0.76 0.09 036

NPK 61.88 61.77 49.93 5131 12 12 0.13 0.14

IR3 AMF 64.47 64.25 59.60 59.95 11 11 0.15 0.16

(9 Days) Pseudomonas fluorescans 66.19 66.41 50.63 54.7 0.9 1 0.1 0.11

Compost 60.73 61.87 56.83 5291 1 123 0.13 0.13

Compost + P fluorescens 63.84 63.37 62.53 62.39 1.2 1.33 0.15 0.15

Compost + AMF 65.2 65.17 63.20 65.61 3 14 0.14 0.15

AMF + P fluorescens 71.03 7037 59.23 58.90 1 1.13 0.17 0.15

AMF + P jfluorescens + Compost 72.01 7031 62.67 64.4 12 1.26 0.14 0.16
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Table 6: Effect of inoculated potato plants with AMF (Glomus intraradices) and Pseudomonas
fluorescens on nitrogen content and phosphorus content under three irrigation

intervals in the first and second seasons (2018/2019 and 2019/2020).

Irrigation Treatments Parameters
intervals N (%) P (%)
15t Season | 2" Season 15t Season | 2" Season
Control 0.0239 0.0238 0.116 0.116
NPK 0.0295 0.0297 0.133 0.132
IR1 AMF 0.0293 0.0299 0.151 0.152
(3 Days) Pseudomonas fluorescens 0.0242 0.0244 0.1 0.090
Compost 0.0287 0.0285 0.134 0.134
Compost + P. fluorescens 0.0253 0.0256 0.124 0.124
Compost + AMF 0.0262 0.0264 0.144 0.142
AMF + P. fluorescens 0.0311 0.0307 0.163 0.162
AMF + P. fluorescens + Compost 0.0321 0.031 0.170 0.168
Control 0.0231 0.0231 0.099 0.097
NPK 0.0225 0.0224 0.111 0.105
AMF 0.031 0.0312 0.120 0.119
IR2 Pseudomonas fluorescens 0.0244 0.0246 0.108 0.105
(6 Days) Compost 0.0291 0.0290 0.117 0.118
Compost + P. fluorescens 0.0262 0.0263 0.112 0.110
Compost + AMF 0.0318 0.0295 0.138 0.138
AMF + P. fluorescens 0.0258 0.0256 0.140 0.143
AMF + P. fluorescens + Compost 0.0298 0.0299 0.150 0.151
Control 0.0211 0.0214 0.093 0.09
NPK 0.0264 0.0267 0.09 0.09
IR3 AMF 0.0292 0.0295 0.119 0.117
(9 Days) Pseudomonas fluorescens 0.0267 0.0266 0.117 0.118
Compost 0.0273 0.0272 0.117 0.119
Compost + P. fluorescens 0.0256 0.0259 0.123 0.120
Compost + AMF 0.0255 0.0257 0.119 0.117
AMF + P. fluorescens 0.0253 0.0261 0.136 0.135
AMF + P. fluorescens + Compost 0.0275 0.0272 0.143 0.141
Irrigation 3 days 0.02782 0.02782 0.1372 0.1352
rates 6 days 0.0270° 0.0268° 0.122° 0.120°
9 days 0.0260 © 0.0262° 0.117°¢ 0.116°"
L.S.D. 005 2.16 e 3.93e* 0.002 0.008
Treatments Control 0.0227! 0.0228 ¢ 0.102f 0.101f
NPK 0.0261f 0.0263 ¢ 0.111¢ 0.109 def
AMF 0.02982 0.03022 0.130° 0.129°¢
Pseudomonas fluorescens 0.0251" 0.0252f 0.108 ¢ 0.104 ¢
Compost 0.0274° 0.0282° 0.1234 0.123 «d
Compost + P. fluorescens 0.0257¢ 0.0259¢ 0.119¢ 0.118 cde
Compost + AMF 0.0278¢ 0.02724 0.133°¢ 0.132 be
AMF + P. fluorescens 0.0274¢ 0.0275¢ 0.146° 0.146
AMF + P. fluorescens+ Compost 0.0297° 0.0294 2 0.154 4 0.1534
L.S.D. 005 3.75e° 6.81e* 0.004 0.014
Irig. * Treatm L.S.D. 005 * * * *

- Means followed by different letters in the same column differ significantly according to the Duncan test at P<
0.05,
- *: significant difference at 0.05 level of probability.

n=>5 plants.
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different treatments and irrigation intervals on reduction sugars (%)

DISCUSSION

Water scarcity is one of the most
severe abiotic stresses threatening crop
growth and production on the globe. Severe
drought profoundly affects plant physiology,
growth, development, and reproduction, and
exerts substantial losses in crop yield as well
as reduces crop quality (Posta and Duc 2020).
Common methods used to overcome
environmental stress include using bio-
fertilizers and organic fertilizers, such as
arbuscular mycorrhizal fungi, PGPR, and
compost which we focus on in the current
study. AM can improve plant performance,
change the plant-water relationship, and
increase plant productivity under drought
stress (Liet al.2019). Another microorganism
group that can alleviate drought effects is
PGPRs, which include species of
Pseudomonas fluorescens that are capable of
utilizing a wide range of organic and
inorganic compounds which imparts their
capacity to live in varied environmental
conditions (Panpatte et al.,2016). Biological
interactions between PGPR and mycorrhizal
fungi are believed to cause a cumulative effect
on all rhizosphere components (Nadeemet

al.2014). To further enhance these effects on
the plants and the soil, compost can be used in
conjunction with bio-fertilizers. In fact,
interactions between PGPR, AM, and
compost has been broadly used to promote
plant growth by different mechanisms
(Boutasknit et al.,2020; Boutasknit et
al.,2021).

In the current study AMF colonization
was significantly affected in the plants treated
dual inoculation (AMF and PGPR) in the
presence of compost, in both seasons, as
shown in Table (1). Comparable results were
found in a study conducted by (Aalipouret
al.,2020) who reported that the inoculation of
Pseudomonas fluorescens and AM induced a
high AMF colonization, and Visen et al.,
(2017)who showed that the contemporaneous
inoculation  with  PGPR  considerably
stimulates the AMF colonization. This
phenomenon could be due to the ability of
PGPR to synthesize cell wall degrading
enzymes, which help in promoting AM
symbiosis (Visen et al.,2017)However,
results regarding AM root colonization in
composted soil were inconsistent, as some
studies demonstrated that compost effectively
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AM colonization whether in the presence or
absence of drought stress (Armada et
al.,2014;Caravaca et al,.2003;Duong et
al.,2012), while others showed that compost
addition resulted in decreasing mycorrhizal
colonization of roots (Harso 2016;Aitet
al.2020). A possible explanation is the
nutrients in the compost could make the plant
to be less dependent on the AM fungus
(Bucking et al.,2012).

Although, water stress-induced a
significant reduction in potato’s dry biomass
Tables (2, and 3). The inoculation with (AMF
and P. fluorescens) as biofertilizer combined
with organic compost improved significantly
these morphological traits than non-colonized
plants. The results obtained in this study
showed that inoculation with AM had a
significant effect in terms of reducing the
harmful impact of drought on several growth
parameters such as shoot dry weight (28.42,
22.17, 14.82 g/plant) and root dry weight
(3.51, 2.65, 2.17 g/plant) compared to mineral
NPK fertilizers (100% of the recommended
dose) and control plants, respectively. Several
studies have explained these results based on
AM ability to improve the growth of host
plants by promoting nutrient and water uptake
to alleviate abiotic stresses, such as drought
(Baum et al.,2015; Zhao et al.,2015; Bowles
et al. 2018). This is due to biofertilizers to
increase_the ability of AMF fungal hyphae to
explore soil pores that the root hair cannot
contact, accessing water and nutrient sources
that are not available to non-AMF plants.
Therefore, these findings are in agreement
with the results of previous studies that also
confirmed that the symbiosis between the
roots of potato plants and mycorrhizae can
increase the absorption of water, mineral, and
compounds needed by plants (Susiana et
al.,2019). Moreover, AMF can effectively
improve plant productivity under water-
deficit stress(Gholamhoseini et al.,2013).
Inoculation  with mycorrhiza led to a
significant increase in the number of tubers
and the fresh and dry weight of both the root
and the shoot in different potato
cultivars(Rafiq et al.,2015).A  study
conducted by (Baradar et al., 2015) revealed
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that AMF colonization accompanied with
PGPR strains had positive effects on root
colonization and in consequence led to
increasing fresh and dry weight and other
growth factors in potato plants.

Two of the most important factors to
look at with regards to potato production are
tuber weight and tuber number. Our results
demonstrated that mycorrhizal inoculation,
whether alone dual inoculation or dual
inoculation in the presence of compost
efficiently increased the tuber weight and
tuber number values significantly. Compost
addition_to dual inoculation had up to 41%
more tuber number and 54% more tuber
weight compared to un-inoculated plants,
Table (4). This observation was in line with
the other study that AM inoculation increased
the number of tubers per plant, average tuber
weight, tuber yield, as well as overall
marketable tubers (Lombardoet al.2020;Saad
and Salem 2020). Deja-Sikora et al.(2020)
suggested that the positive effects of
mycorrhizal inoculation on potato yield may
be due to AM facilitating the uptake and
transfer of mineral nutrients.

Another  significant  benefit  of
myecorrhizal inoculation is to enhance proline
accumulation. Proline is a basic amino acid
that is accumulated in plants under drought
stress (Abid et al.,2018). The results show
that AM inoculation, in general, had a
significant effect on the proline content of
potato leaves, while no significant differences
were observed in the proline content between
the three irrigation intervals. Many studies
reported similar results that indicated
enhanced drought tolerance in the presence of
a higher proline concentration in AM-
inoculated plants (Chitarra et al., 2016; Zhang
et al., 2018). Other components that could be
modified due to environmental stress are total
and reducing sugar content in leaves. The data
shows that there are no significant differences
in the total and reducing sugars content in
leaves between plants inoculated with
mycorrhiza and those inoculated with NPK
fertilizer. Some studies found
that mycorrhizal formation increased total
soluble sugar content significantly (Beltrano
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et al,.2013), While another showed the
significant effect of mineral fertilizer on sugar
content (El-Hadidi et al.,2017).AM fungi
symbiosis is  believed to enhance
photosynthesis rate (Auge et al,.2016). The
results of the current study show that
inoculation with mycorrhiza, in all its forms,
had a significant effect on the chlorophyll
content in leaves, achieving an increase of up
to 7% compared to NPK. It has been reported
in several studies that the amount of
chlorophyll in the inoculated plants of
mycorrhizal fungi was far more pronounced
than in non-mycorrhizal plants (Arya and
Buch 2013;Deja-Sikora et al.,2020). AM also
helps to enhance the plant's uptake of some
nutrients such as phosphorous and nitrogen,
which was supported by the results of this
study that showed significant differences in
the content of these two elements in the leaves
of AM-inoculated potato plants compared to
un-inoculated plants or plants fertilized with
mineral NPK fertilization. These results are in
agreement with other studies conducted on
potatoes (Liu et al,.2018), tomatoes (Balliu et
al.,2015), and other plants.

Conclusion
From the above-mentioned results,

the application of dual inoculation “Glomus

intraradices” and “Pseudomonas
fluorescens” in the presence of compost
enhanced the resistance of potato plants to
drought.
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