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ABSTRACT

In regions exposed to drought stress, the use of bacteria applications to promote yield and quality has in-
creased. This study was carried out to determine the effects of rhizobacteria and algae treatments on some
biochemical and physiological properties of broad bean (Vicia faba L.) grown under water stress conditions.
According to the completely randomized experimental design, the study was carried out in 4 replications
in factorial order. In the experiment, the Filiz-99 broad bean variety was used as a plant material. In the
study, 4 different biological applications (control, blue-green algae, and 2 different bacteria) and 3 different
irrigation levels — 100% (NI), 50% (RI1), and 25% (RI2) — have been applied. In the study, properties such
as root and stem length, stem and root fresh weight, stem, and root dry weight, nitrogen balance index, an-
tioxidant, flavonoid, and phenolic properties were examined. Root length changed between 21.37-25.62 cm
in bacteria and algae applications, and the highest value was obtained from the B1 application with 25.62 g.
At increasing water stress levels, the nitrogen balance index varied in the range of 128.01-77.50%. In bacte-
ria and algae applications, the highest value was obtained from the B1 application. While the phenolic content
ranged between 127.53 and 134.31 mg GAE (Gallic Acid Equivalents) g' with increasing water stress, the
highest value among biological applications was B1 application with 138.06 mg GAE g!. As a result of the in-
teraction of factors, the highest phenolic values were obtained from B1 x RI2 (149.85 mg GAE g '), B2 x RI2
(137.05 mg GAE g), BO x NI (127.43 mg GAE g'), and BO x RI2 (123.69 mg GAE g) applications,
while the lowest values were obtained from B2 x NI (123.22 mg GAE g™'), Alg x RI2 (126.65 mg GAE g™),
Alg x NI (127.75 mg GAE g'), and B1 x NI (131.73 mg GAE g™') applications. In the study, it was determined
that bacterial applications were more effective than algae applications.
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INTRODUCTION

Broad bean (Vicia faba L.), the World’s oldest le-
gume plant, began to be cultivated in the early Neolithic
period. It is known that broad beans can be grown
in large areas ranging from Western Mediterranean
countries to India since prehistoric times [Cubero
1973, 1974]. The versatile use of the broad bean plant
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and its Mediterranean origin have made this product
privileged in the Mediterranean basin [Saxena 1991].
Broad bean seeds, which have an important place in
human and animal nutrition, are a good source of pro-
tein at rates varying between 25% and 35% [Nachi and
Le Guen 1996]. Dried broad beans were planted in
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an area of 2,671.497 hectares worldwide, and a total
of 5,669,185 tons of products were harvested from
this area [FAO 2020]. Broad bean is very resistant to
cold compared to beans, cowpea and peas [Vural et al.
2000] , which are considered as dry grains and vegeta-
bles in our country, as well as processed in the canned
food and food industry. The cultivation expenses of
this plant, which has a very important place in human
nutrition, are less than other cultivated plants. It is
a good pre-plant position in the alternation because it
gives early products in the spring months. The green
broad bean plant, which has a high nitrogen-fixing abil-
ity, is very important in increasing the fertility of the
soil [Ozdemir 2002]. The rapidly changing world pop-
ulation and the nutritional problem that arises accor-
dingly maintain its importance day by day. In addition,
one of the most critical factors emerging as a result
of global warming and the resulting climate change
is the decrease in water resources and the emergence
of drought. Drought is the definition of associating
the imbalance in humidity that may occur in a region
with the scarcity of water reserves in the same area.
According to many researchers, drought is the most
important natural disaster among 31 natural disasters.
With the narrowing of the leaf area in plants, more de-
velopment occurs in the roots than in the stem due to
the decrease in the transpiration rate. These changes in
the roots manifest themselves as better use of water in
the environment, and this is one of the morphological
changes caused by drought stress. The transmission of
compounds that play an active role in the realization
of photosynthesis to the root zone of the plant under
drought stress causes the rate of photosynthesis to
slow down in arid conditions [Pessarakli et al. 2015].
When plants encounter drought stress, they activate
their hormone and ion functions. One of these two
mechanisms is the increase in abscisic acid (ABA) in
plant cells [Kumlay and Eryigit 2011] and the closure
of stomata with drought, while the second ion func-
tion is the removal of potassium ions attached to the
stomatal cells and the opening of stomata [Munemasa
et al. 2015]. It can be said that there is a close rela-
tionship between the antioxidant defense mechanisms
of plants and their resistance to environmental stress-
es [Bettaieb et al. 2011, Biiyiik et al. 2012]. Since the
closure of stomata due to drought limits the uptake of
carbon dioxide gas (CO,), the rate of photosynthesis
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also decreases. In addition, the responses of plants to
drought stress may vary depending on their genetic
structures in general terms [Chaves et al. 2002]. The
fact that there is a symbiotic life between plants and
microorganisms such as arbuscular mycorrhizal fun-
gi (AMF) in the soil is known [Tiifenkgi et al. 2012].
Both biotic and abiotic stress significantly affect yield
and quality in agricultural production. With the com-
bination of PGPR and AMF in plants, plant growth is
promoted, the plant can be protected from stress fac-
tors, and the vitality in the soil is preserved [Nadeem
et al. 2014]. Kloepper et al. [1980] named it to plant
growth promoting rhizobacteria (PGPR). In addition,
one of the reasons why these bacteria are called ,,probi-
otic rhizobacteria” is that they provide benefits to plants
in many ways. These bacteria, which can benefit the
plant in many ways, have many features such as fixing
nitrogen, dissolving especially phosphorus and heavy
metals, producing hormones, increasing mineral-water
uptake and enzyme functionality, and also contribu-
ting to plant root development [Djordjevic et al. 1987,
Ferreira et al. 1987]. Bioagents and biofertilizers used
in grain cultivation are important elements in organ-
ic agriculture. In this sense, the importance of micro-
organisms is very clear in the conversion and use of
nutrients that are important for plants in organic ag-
riculture.

This study was carried out to determine how PGPR
isolates and algae affect the plant in broad bean (Vicia
faba L.) grown under water stress conditions.

MATERIAL AND METHODS

The experiment was carried out in the fully con-
trolled plant growth cabinet (temperature: 25°C, hu-
midity: 40-50%, photoperiod: 14 h light and 10 h
dark, light density: 250 umol'm's™) of Van Yuzuncu
Yil University, Faculty of Agriculture, Field Crops
Department in 2020. In the trial, the Filiz-99 stan-
dard broad bean variety (Vicia faba L.) obtained from
Aegean Agricultural Research Institute was used as
seed material. The experiment was conducted with 3
irrigation levels: normal irrigation (NI) and 2 reduced
irrigations — 1/2 (RI1) and 3/4 (RI2); and 4 biological
applications. Two rhizobacteria (Azospirillum lipofe-
rum, 1 x 106 CFU mL™, B1; Bacillus megaterium,
1 x 105 CFU mL"!, B2 rhizobacteria), 1 micro-algae
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(Chlorella saccharophilia, 2 x 104 CFU mL™, Algae)
were used as biological applications with a control
group (control). One of the bacteria used is phosphorus
solvent, the other nitrogen fixer, and the other green
algae. Since these have different structures and effects
from each other, the usage rate for each of them was
determined in line with the recommendations of com-
mercial companies. In the study, 1 broad bean variety,
2 rhizobacteria (B1 and B2), 1 algae, and 3 drought ty-
pes (NI, RI1, and R12) were applied. Thus, broad bean
seeds were sown in 12 pods together with the drought
control group. A trial was established with 48 pods out
of 4 replications. According to the method stated by
Cakmakei et al. [2014], the broad bean seeds were kept
in 70% (v/v) ethanol for 2 minutes and then washed 10
times with distilled water and cleaned from the chemi-
cal substance. Broad bean seeds purified with distilled
water were dipped in 5% Chlorella saccharophilia
(blue-green algae) solution and 10 ml L™ Bacillus me-
gaterium and Azospirillum lipoferum (rhizobacterium)
solutions and processed in a rotary mixer (81 rpm) for
20 hours [Cakmake1 et al. 2014]. Potting mortar pre-
pared from soil and perlite (2 : 1 ratio) was filled in
2 L pots, and 3 broad bean seeds were planted in each
pot. The analyzes of the potting mortar used in the stu-
dy were made in the Soil Science and Plant Nutrition
laboratory of Van Yuzuncu Yil University, Faculty of
Agriculture, and it was determined that the mortar was
salt-free, slightly alkaline, and poor in organic matter.
By determining the humidity of the working mortar,
the pots were watered with 50 cc of life water imme-
diately after sowing the seeds until the emergence time,
and this process was terminated with the start of seed
emergence. Before the water stress applications were
given to the pots, the field capacity and moisture con-
tents were calculated. The process of bringing them to
the field capacity was completed by weighing the pots
and performing the irrigation processes according to
Coskan and Senyigit [2018] and according to Karag6z
et al. [2018]. For the nitrogen and phosphorus require-
ments of the plants, 40 kg/ha nitrogen and 90 kg/ha
phosphorus (P,0;) were given to pots as fertilization.
Seedling growth was followed for 30 days and on day
30 the plants were exposed to stress conditions. Plants
were harvested 15 days after stress treatments.

Morphological measurements made in the plants are as
follows. Root length (RL; cm): it was determined by
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measuring the part from the tip of the root part of the
plant to the root collar. Stem length (SL; cm): it was found
by measuring the height of the plants from the soil level
to the extreme point. Root fresh weight (RFW; g): after
the root part of the plants representing the applications
was separated, the root wet weights were determined on
a precision balance. Stem fresh weight (SFW; g): after
the plants representing the applications were cut from
the soil level, the stem fresh weights were determined
on a precision balance. Root dry weight (RDW; g): after
harvest, plant samples were kept in an oven set at 70°C
for 48 hours, and root dry weights were calculated. Stem
dry weight (SDW; g): after harvest, plant samples were
kept in an oven set at 70°C for 48 hours, and stem dry
weights were calculated.

Biochemical measurements made in the plant were made
as follows. Total flavonoid (mg QE 100 g'): measurements
were made using a chlorophyll and polyphenol meter
device (Dualex Scientific + brand, Force-A/France)
when the leaf was in a turgor state on the harvest day.
In the same leaf sample, the nitrogen balance index
(NBI; %) was determined as follows; on the harvest day,
when the leaf was in a turgor state, measurements were
made using a chlorophyll and polyphenol meter device
(Dualex Scientific + brand, Force-A/France). Total
phenolic compounds (mg GAE g): the Folin-Ciocélteu
spectrophotometric method specified by Heimler et al.
[2005] was used to determine total phenolic components.
The determination of total antioxidant activity was made
according to the method described by Lutz et al. [2011].

Statistical analysis of data. The data obtained in the
experiment were subjected to analysis of variance
according to the factorial order in the completely
randomized experimental design using the Costat
(version 6.34) package program. The comparison of
the averages was made according to the LSD multiple
comparison test.

RESULTS AND DISCUSSION

Seedling length. As seen in Table 1, it was deter-
mined that bacteria and algae applications did not have
any effect on the stem length of the pod, and stem
lengths were found to vary between 31.99-35.08 cm.
Contrary to our study, Telek et al. [2019] reported that
rhizobacteria had a curative effect on plant height. In
the study, the highest stem length value in terms of wa-
ter stress was obtained from NS as 37.73 c¢m, and the
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Table 1. Some measurements of plant growth parameters

Biologic applications Reduced irrigation SL RL SFW REW Sbw RDW
(cm) (cm) (g) (8) (g) (8)

NI 35.23 23.53 6.67 5.53 0.82 0.66

Control RI1 31.20 22.47 3.92 4.94 0.59 0.74
RI2 29.53 21.97 4.11 541 0.63 0.77

Mean 31.99 22.66 AB 4.90 5.29 0.68 0.72

NI 39.33 24.23 6.48 5.33 0.81 0.62

B1 RI1 32.80 23.40 3.75 4.38 0.55 0.61

RI2 25.33 29.23 422 5.40 0.53 0.81

Bacteria Mean 32.49 25.62A 4.81 5.04 0.63 0.68
NI 39.47 24.40 6.69 5.87 0.81 0.60

B2 RI1 33.40 20.93 5.23 4.77 0.76 0.70

RI2 30.40 18.77 3.57 4.62 0.46 0.71

Mean 34.42 21.37B 5.16 5.09 0.68 0.67

NI 36.90 24.13 7.04 6.18 0.87 0.75

Alg RI1 34.17 19.63 5.02 5.34 0.73 0.74

Blue-green algac RI2 34.17 29.50 486 530 074 0.85
Mean 35.08 24.42 AB 5.64 5.61 0.78 0.78

o NI 3773 a 24.08 6.72 a 5.73 0.83 a 0.66
gg“;ir‘lmga“o“ RI1 32.89 b 21.61 448 b 486 066 b 070
RI2 29.86 b 24.87 419 b 5.18 0.59 b 0.78

LSD (5%) BA ns 4.093 * ns ns ns ns

LSD (5%) RI 4558 ** ns 1.026 ** ns 0.146 ** ns

LSD (5%) BA x RI ns

ns ns ns ns ns

* There is a statistical difference (5%) between the values shown with different bold and capital letters in the same column

** There is a statistical difference (5%) between the values shown with different lower and italic letters in the same column

RL — root length; SL — stem length; RFW — root fresh weight; SFW — stem fresh weight; RDW — root dry weight; SDW — stem dry weight;
B1, B2 — bacteria; Alg — blue-green algae; NI, RI1 and RI2 — reduced irrigation; BA — biologic applications

shortest values (29.86 to 32.89 cm) were taken from
RI2 and RI1. It was determined that the interaction of
the biological application and water stress factors ap-
plied in the experiment was not significant on the stem
length of the pod, and stem lengths were determined
to vary between 25.33-39.47 cm. Depending on the
duration of the stress, the stem length of the plants can
change. Depending on the stress conditions, stem gro-
wth in plants slows down while root growth continues
to reach the water. Root elongation slows down as a
result of increases in drought stress, and as a result,
decreases in photosynthesis activity occur [Anjum et
al. 2011]. Plants with short stems are less affected by
drought stress [Shakir et al. 2012]. It was determined
that commercial biofertilizers containing Azoarcus,
Azospirillum, and Azorhizobium increased root length
by 29% and stem length by 65% in wheat plants [Dal
Cortivo et al. 2017].
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In a previous study, it was reported that the stem
length values of the calendula plants varied between
9.34-11.00 cm and 8.58-11.10 cm in bacteria and
drought applications [Selem et al. 2021]. It is thought
that the difference between our data and the literature
may be due to the plant species.

Root length. In the study, the effect of bacteria and
algae applications on the root length of the broad bean
was significant. While the longest root length value
was obtained from the B1 application with 25.62 cm,
the shortest root length value was obtained from the B2
application with 21.37 cm. Commercial biofertilizers
containing Azoarcus, Azospirillium, and Azorhizobium
were found to increase root length by 29% in whe-
at plants [Dal Cortivo et al. 2017]. The obtained data
are in harmony with the literature. It was determined
that water stress levels did not have any effect on root
length in pods, and the root lengths were varied be-
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tween 21.61-24.87 cm. In the study, it was determined
that the interaction of biological applications and water
stress factors did not affect the root length of the pod,
and the root lengths varied between 18.77-29.50 cm.
In order for the root system to form in plants in a he-
althy way, the water required by the plant in the soil
must be at the desired level. In addition, an effective
root system is accepted as the most important factor
protecting plants from drought stress [Blum 2009].
The effect of drought stress on plants may vary de-
pending on the duration and severity of the drought
[Abayomi and Abidoye 2009]. Bacterial inoculation
increased water availability in plants growing in dry
and semi-arid seasons [Heidari and Golpayegani
2012]. In addition, it was observed that micro-algae
and bacteria applications produced IAA and increased
root growth, thus improving water and nutrient uptake
levels [Gururani et al. 2013].

Stem fresh weight. As seen in Table 1, it was de-
termined that bacteria and algae applications did not
have any effect on the stem fresh weight, and it was
determined that the stem wet weights ranged between
4.81-5.64 g. In stark contrast to our study, Telek et
al. [2019] reported that rhizobacteria have an impro-
ving share on the shoot fresh weight of the plant. In
the same study, it was determined that the water stress
levels of the stem fresh weights were significant. The
longest stem fresh weight with 6.72 g was obtained
from NI application, and the shortest stem fresh we-
ight was 4.19—4.48 from RI2 and RII1. In a previous
study, it has been reported that the heaviest and lightest
stem age values of calendula were measured as 7.26 g
and 3.61 g in drought applications [Selem et al. 2021].
There is harmony between the results stated in the li-
terature and the obtained values. In the study, it was
observed that the interaction of biological applications
and water stress factors on stem fresh weight in broad
beans was not significant, and stem fresh weights were
found to vary between 3.57-7.04 g (Tab. 1). In a study
conducted in dry and irrigated conditions on PGPR-
-treated pea plants, remarkable data were obtained on
the stem and root weights of the plant [Glick 1995]. In
a greenhouse experiment investigating the mechanism
of drought stress in Phaseolus vulgaris L. and Sesbania
aculeata species, it was determined that drought stress
decreased compared to the control group [Ashraf and
Iram 2005]. As a result of studies on melons, it was
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reported that drought stress reduced stem weights in
plants by 145.65%, and in another study on beans,
fresh stem weight decreased by 33% [Yildirim et al.
2020].

Root fresh weight. In the study carried out, it was
determined that bacteria and algae applications on
root wet weights were insignificant, and root wet we-
ights varied between 5.04-5.61 g. It was determined
that water stress levels had no effect on root wet we-
ights, and root wet weights vary between 4.86-5.37 g.
It was determined that the interaction of biological ap-
plications and water stress factors was not significant
on the root wet weight, and the root wet weight was
between 4.38—6.18 g (Tab. 1). It was determined that
the root fresh weight values of calendula plants varied
between 0.89—-0.74 g cm and 1.06—0.58 g in bacterial
and drought applications [Selem et al. 2021]. It is tho-
ught that the difference between the study results and
the literature may be due to the applications and plant
species differences. In a study that investigated the ef-
fects of drought stress on root fresh weight in bean
plants at 3 different irrigation levels (100% full irriga-
tion, 80%, and 60% of field capacity); it was reported
that the root fresh weight was decreased as 55% with
60% irrigation level compared to 100% irrigation le-
vel [Yildirim et al. 2020].

Stem dry weight. As seen in Table 1, it was de-
termined that algae and bacteria applications did not
have any effect on the stem dry weight of the pod,
and the stem dry weights varied between 0.67-0.78
g. Contrary to the study results, Oral et al. [2021], in
a previous study on soybean, stated that rhizobacteria
and drought treatments had a significant effect on the
dry weight of the trunk. This situation can be expla-
ined as it may be caused by different plant species used
in the studies. The effect of water stress levels on stem
dry weights were significant, and the highest stem dry
weight was obtained from NI with 0.83 g, and the lo-
west stem dry weight values were obtained from RI2
and RI1 with 0.59, 0.66 g. It was reported that stem
dry weight values varied between 1.15-1.08 g cm and
1.27-0.97 g in the bacteria and drought applications
in calendula [Selem et al. 2021]. It is thought that the
difference between the obtained data and the literature
may be due to the application difference. It was de-
termined that the interaction of biological applications
and water stress factors was not significant on the stem
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dry weight and the stem dry weights varied between
0.60-0.85 g. Oral et al. [2021] in a previous study
conducted on soybean, stated that rhizobacteria and
drought treatments had a significant effect on the dry
weight of the stem.

Root dry weight. As seen in Table 1, it was ob-
served that the biological applications did not have
any effect on the root dry weight of the pod and the
root dry weights were between 0.67—0.78 g. In the stu-
dy, it was determined that the water stress levels were
not significant on the root dry weight, and the root dry
weight ranged between 0.66—0.78 g. In a previous stu-
dy, in harmony with the study results, it was reported
that the root dry weight decreased by 52% with the
60% irrigation level compared to the 100% irrigation
level [Yildirim et al. 2020]. It was determined that the
interaction due to biological applications and water
stress factors wasn’t important on root dry weight in
pods, and root dry weight varies between 0.60-0.78 g.
In a previous study, it was reported that the root dry
weight was decreased by 52% with the 60% irrigation
level compared to the 100% irrigation level [Yildirim
et al. 2020]. In another study, it was stated that root
dry values in soybean vary between 0.15 and 0.18 g
depending on drought stress [Oral et al. 2021]. It has
been reported that the root dry weight values of the
calendula plant in drought and bacterial applications
varied between 0.17-0.13 g and 0.16-0.14 g [Selem
et al. 2021]. It is thought that the difference between
the obtained data and the literature may be due to the
application differences in the studies.

Nitrogen balance index. It was determined that
biological applications did not have an effect on the
nitrogen balance index of the pod, and the nitrogen
balance index values varied between 87.77-106.38%.
It was determined that the effect of water stress appli-
cations on the nitrogen balance index of the pods was
significant, the highest value with NI application with
128.01% and the lowest values with RI2 and RI1 ap-
plications with 77.50, 83.97% (Tab. 2). In the study, it
was observed that the interaction of biological appli-
cations and water stress was not important, and the
nitrogen fixation index was between 64.76—143.86%
(Tab. 2). Contrary to the study results, in a previo-
us study, it was reported that the effect of drought
and rhizobacteria interaction on nitrogen balance
index in soybean is very important and water stress
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causes about a 10% decrease in nitrogen balance
index value compared to control [Oral et al. 2021].
It is thought that the difference between the literature
and the study results may be due to the difference in
the applications or plant species used in the studies.
In the study, it was determined that there was a de-
crease in the nitrogen balance index value depending
on the increasing drought levels. In harmony with
the study results, in a previous study, the effects of
drought stress on sorghum were investigated and it
was determined that the nitrogen balance in the plant
decreased due to drought stress and it caused early
ripening in the leaves [Chen et al. 2015]. In a pre-
vious study, it was reported that the effect of drought
and rhizobacteria interaction on the nitrogen balance
index in soybean is very important, and water stress
causes about a 10% decrease in nitrogen balance in-
dex value compared to control [Oral et al. 2021]. In
a study that investigated the effects of drought stress
on sorghum, it was determined that the nitrogen ba-
lance in the plant decreased due to stress, and it cau-
sed early maturation in the leaves [Chen et al. 2015].
Additionally, it was stated that in drought stress con-
ditions, the nutrient intake reflex varies according to
the genetic structure of the species and varieties in
plants [Sarma and Saikia 2014]. In a similar study,
it was determined that, depending on the severity of
the drought, there was an increase in nitrogen upta-
ke and a decrease in phosphorus uptake, while there
was no effect on potassium uptake. This reaction in
plants may differ according to the genus and species
of plants [Osakabe et al. 2014].

Antioxidant, phenolic and flavonoid. As seen
in Table 2, it was determined that the effects of bio-
logical applications and water stress applications
on the antioxidant content of the pod were insi-
gnificant. It was observed that the values of bacte-
rial and algae applications varied between 89.82—
126.82 pmol TE (Trolox Equivalent) g!, while the
values of the water stress applications were in the
range of 89.81-121.27 umol TE g'. In addition,
it was determined that the interaction of biologi-
cal applications and water stress did not have a si-
gnificant effect on the antioxidant content of the
pod, and the antioxidant values ranged between
52.78-155.46 mg TE g'. In general, there was
an increase in the antioxidant value of the broad
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Table 2. The effect of different water treatments and rhizobacteria inoculations on some physiological and biochemical

properties of broad bean

. . .. Reduced Antioxidant Phenolic Flavonoid NBI
Biologic applications L — — —
Irrigation (umol TE g™') (mg GAE g'') (mg QE 100" (%)
NI 106.94 12743 a 7.25 102.53
RII 109.74 125.87 ab 5.69 80.80
Control
RI2 52.78 123.69 a 6.89 79.97
Mean 89.82 125.66 C 6.61 BC 87.77
NI 125.93 131.73 b 10.13 143.86
B1 RIl 99.07 132.59 ab 9.48 90.79
RI2 155.46 149.85 a 11.45 84.50
. Mean 126.82 138.06 A 10.35A 106.38
Bacteria
NI 63.42 12322 b 5.69 137.28
B RI1 137.04 135.4 ab 8.37 76.63
RI2 136.11 137.05 a 8.02 64.76
Mean 112.19 131.89 B 736B 92.89
NI 62.96 127.75 b 6.07 128.36
Blue-green Al RI1 88.88 137.59 ab 6.3 87.67
algae & RI2 140.74 126.65 b 3.87 80.78
Mean 97.53 130.66 BC 541C 98.93
Reduced irrigati NI 89.81 127.53 B 7.28 128.01 4
educed irrigation RII 108.68 132.86 4 7.46 8397 B
(RI) mean
RI2 121.27 13431 4 7.56 77.50 B
LSD (5%) BA ns 5.152 * 1.855 * ns
LSD (5%) RI ns 4462 ** ns 33.676 **
LSD (5%) BA x RI ns 1.394 *** ns ns

* There is a 5% statistical difference between the values shown with different capital letters and bold letters in the same column
** There is a statistical difference (5%) between the values shown with different capital and italic letters in the same column
*** There is a statistical difference (5%) between the values shown with different lowercase letters in the same column

NBI — nitrogen balance index; B1, B2 — bacteria; Alg — blue-green algae; NI, RI1 and RI2 — reduced irrigation

bean depending on the drought levels. In a study,
it was reported that antioxidant activity, flavono-
id, and polyphenol content increased in buckwheat
plants depending on the severity of drought [Hanson
et al. 2011]. The literature and the data of the study
are in harmony. In addition, it was seen that the free
oxygen radicals formed under stress conditions da-
maged the plant. In the study, it was determined that
the effect of biological applications on the phenolic
content of the pod was significant, and the highest
phenolic value was measured as 138.89 mg GAE g!
from B1, and the lowest phenolic values from BO,
B2, and algae applications were measured as 125.66,
131.89 and 130.66 mg GAE g, respectively.

In the study, it was determined that the effect of
water stress applications on the phenolic content of the
pod was significant. While the highest phenolic value
was measured as 134.31 mg GAE g! from RI2, the
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lowest phenolic value was measured from NI appli-
cation with 127.53 mg GAE g'. As seen in Table 2,
it was determined that the effect of bacteria and al-
gae on the phenolic content of the pod was signifi-
cant under different water stress conditions. The hi-
ghest phenolic values (123.69, 127.43, 137.05, and
149.85 mg GAE g') with no statistical difference be-
tween them were obtained from the applications of
B0 x RI2, BO x NS, B2 x RI2, and B1 x RI2, respec-
tively. The lowest phenolic values (123.22, 126.65,
127.75, and 131.73 mg GAE g') were determined
from B2 x NI, Algae x RI2, Algae x NI, and B1 x NI
applications, respectively (Fig. 1). In the study, it was
observed that the effect of biological applications on
the flavonoid content of pods was significant, and the
highest flavonoid value was obtained from B1 as 10.35
mg QE 100", and the lowest flavonoid values were ob-
tained from algae application with 5.41 mg QE 100"
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Fig. 1. The comparison of biologic applications on phenolic content of broad bean

It was seen that the phenolic and flavonoid content of
broad beans increased due to increased drought stress.
It is thought that this increase is due to the adverse
environmental conditions, the production of flavanols
containing some of the flavonoids which play a role
in reducing the damage caused by free radicals and
phenolic compounds increases in the endoplasmic
reticulum and cytoplasm [Ibrahim and Jaafar 2011].
In the study, it was determined that the effect of wa-
ter stress applications on the flavonoid content of the
pod was not significant, and these values were found
to vary between 7.28 and 7.56 mg QE 100"

Free oxygen radicals that occur under stress con-
ditions damage the plant. In order to prevent such da-
mages, antioxidant systems are activated in the plant.

The most important antioxidants are vitamins
E and C, carotenoids, and glutathione [Rietjens et
al. 2002]. It has been found that the ability of plant
extracts with high antioxidant potential to scavenge
free radicals is related to the amount of phenolic and
flavonoid substances they contain. As a result of a stu-
dy carried out on buckwheat, it was determined that
antioxidant activity, flavonoid, and polyphenol con-
tent increased depending on the severity of drought
[Hanson et al. 2011]. Rhizobium-bacteria association
has beneficial properties in terms of plant breeding,
increasing productivity, and environmental. In order
to bring these benefits to light, it is necessary to in-
crease the number of studies that can be done with
different rhizobial isolates and plants [Sharma 2021].
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CONCLUSIONS

Drought stress, which occurs due to global war-
ming, is clearly showing its effect on agricultural soils
day by day. This situation may cause negativities in
world agriculture as well as its effect on food supply.
In this sense, it is necessary to take measures to pre-
vent damage to crop production due to drought. Trying
alternative methods that encourage plant growth, espe-
cially in arid conditions, will be effective in reducing
the damage that may occur. With the study, some valu-
es in the plant were examined in order to understand to
what extent the physiological and biochemical effects
of rhizobacteria and blue-green algae, which contribu-
te positively to both the development and growth sta-
ges of plants, on water stress conditions on the broad
bean plant. In this sense, water stress applications
were found to be effective on stem length, stem fresh
weight, and stem dry weight of the plant. It has been
determined that the effect of Azospirillum lipoferum
bacteria, one of the bacteria used in the applications,
on the properties such as root length, phenolic, and
flavonoids in the plant grown under water stress.

As a result, it is seen that bacteria are more effec-
tive in reducing water stress in comparison with bac-
teria and algae. In order for the obtained data to be
evaluated better or for the results to be more real, per-
forming such studies in field conditions will provide
more accurate results. It is also believed that the study
will shed light on the water stress studies that will be
carried out in the following years.
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