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Abstract

Radkova, M., Iantcheva, A., Naydenova, G. & Todorova, R. (2023). Effect of inoculation of soybean seeds with
Bradyrhizobium japonicum on plant development, nodulation and seed yield under conditions of Central North
Bulgaria. Bulg. J. Agric. Sci., 29 (3), 464474

Soybean is a crop with a great importance, as a source of vegetable protein and oils. In a period of three consecutive years
2018-2020, the plant growth, nodulation capacity and yield parameters of ten selected soybean cultivars were monitored under
the field conditions of Central North Bulgaria, the region of town Pavlikeni. The widely established agrotechnology of crop-
ping soybean in Bulgaria was applied in combination, with additional inoculation of seeds with Bradyrhizobium japonicum
before sowing. Selected elite Bulgarian cultivars from different maturity groups with high income for the Bulgarian agriculture
were tested together, with three foreign cultivars, which are part of the recent soybean breeding program. The aim is to study
the respond of morphological parameters related to the plant growth, nodulation and yield to additional RAizobium inoculation
for each cultivar. The results demonstrated that cultivars Rosa and Srebrina expressed better capacity to produce seeds (respec-
tively, 189 and 205 seeds per plant after inoculation, vs 135 and 150 from control plants), as a result of better development of
branches, fruiting nods and pods in the condition of additional inoculation. Better nodulation was demonstrated by foreign cul-
tivars Romantica, Atlanta and Saikai in comparison with the Bulgarian cultivars adapted to the soil microbiota. The cultivars
Avigeya, Daniela and Pavlikeni seed inoculation before sowing supports the overcoming critical climatic conditions. These
results provide a base to promote these cultivars to Bulgarian farmers, intended to produced soybean especially in a regions
without soybean history.
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Introduction meat and soy-based animal feed (Voora et al., 2020). It was

published that in 2018, 125 million ha were planted with

Soybean is a crop with huge value in human nutrition.
The soybean is one of main source for vegetable oil and crit-
ical for meeting of global demand of plant protein (Joglekar
et al., 2020). The soy production raised from 0.26 million
ha to 56 million ha in South America, from the period from
1961 to 2014, resulted from the increased consumption of

soybean worldwide with production of 348,7 million tones
(FAO, 2020). The soybean present around of 84.5% of the
world grain legumes trade (Agoyi et al., 2018)._

Soybean is not only great source for food and feed, its in-
clusion in crop rotation improve the soil fertility by symbiosis
with nitrogen, fixing bacteria and provide high amount of ac-
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cumulated nitrogen for the next crop (Iantcheva & Naydeno-
va, 2020; Kavadia et al., 2020). In the other hand, soybean
needs a large amount of nitrogen during its development.
According to Hungria & Mendes (2015), cited by Moretti
et al. (2018), for the production of 1000 kg grains 80 kg of
nitrogen are needed. This nitrogen is supplied mostly from
biological nitrogen fixation (BNF) by soybean bradyrhizo-
bia (Bradyrhizobium spp. (Bradyrhizobium japonicum, B.
diazoefficiens, and B. elkanii), which fix atmospheric nitro-
gen, within the root nodules of the soybean plant. The inter-
action between the soybean plant and rhizobial bacteria in
the root and subsequent symbiotic nitrogen fixation is one of
the most important physiological processes, which occurs in
the growth and development of the soybean plant (Schulz et
al., 2005). The biological nitrogen fixation is one of the main
ecologically friendly way to provide the nitrogen needed for
proper plant growth, as an alternative of chemical N fertil-
izers. The overusing of chemical fertilizers cause several
negative environmental problems like water eutrophication,
global warming, increase of greenhouse emissions (Kavadia
et al., 2020).

Many researchers pointed that inoculation of the soybean
seeds before sowing with effective Bradyrhizobium japoni-
cum strain contribute to the enhanced nodule formation. The
bacterial inoculation stimulates the plant growth, increase
the adaptability and resistance of the crop, and finally the
plant are able to express its genotype potential for produc-
tivity and quality (Solomon et al., 2012; Leggett et al., 2017,
Kavadia et al., 2020).

Soybean seed inoculation by Bradyrhizobium japoni-
cum bacteria has long been established, as an important and
required practice for improvement soybean yield on fields
that have not been used for soybean production (Takas et
al., 2018). Yield increase of 40% have been observed in
soybean inoculated by B. Japonicum, compared to non-in-
oculated in fields new for soybean production. (Schulz et
al., 2005). In other studies it was provided evidences for
successful effect from inoculation with B. japonicim in
areas with high density of natural Rhizobia population
(Leggett et al., 2017). This contrary results open the per-
spectives to study the inoculation effect in diverse geo-
graphical regions (Carciochi et al., 2019). In Bulgaria, the
soybean crop production is conducted without inoculation
with bradyrhizobia, although it is recommended, as an im-
portant element in crop technology. One of the reason for
this disadvantage is the interruption of the production of
Bulgarian product Nitragin containing adapted strains of
Bradyrhizobium japonicum successfully used up to year
2000. The other reason is the scarcity of scientific studies,
related to the reaction/response of the present Bulgarian

and introduced soybean cultivars to inoculation with avail-
able on the market strains and bio-fertilaizers. Production
of soybean in Bulgaria is conducted without irrigation. This
fact require to use the regions with better moisture supply
during the summer period. In the other hand, such arrears
are characterized with low soil fertility especially with low
level of phosphorus and high acidity. In relation with this,
application of biofertilization (including Rhizobium) will
allow to grow soybean crop in such areas, which will in-
crease the regions for soybean growing. In Bulgaria, the
area occupied with soybean was decreased from 90 000 ha
during 70-80 years of 20 century, with maximum level of
yield of 225kg/dka, to 15-20 000 ha in 2014 (Georgiev et
al., 2015). As a result the density of natural local strains of
nitrogen fixing bacteria is very low. The missing scientific
data for the effect of inoculation on the crop productivity
by enlargement of areas with Bulgarian cultivars is a gap,
which has to be fixed in order to enlarge the soybean arears
in a regions with low level of soil fertility.

The study aimed to assess the effect of seed inoculation
with standard, available on the market strain of Bradyrhi-
zobium japonicum before sowing on the plant development
and productivity of soybean cultivars highly distributed for
seed production in the region of Central North Bulgaria, as
well as cultivars used in recent Bulgarian breeding program.

Materials and Methods

Plant material and growing conditions

The field experiments in the period 2018-2020 were
based on the method of long plots and organized on non-irri-
gated area in the region of Pavlikeni, Soybean Experimental
station, with the long term tradition of soybean cultivation.
The region belongs to the temperate continental climate zone
with continental rainfall regime — with a maximum in May-
June and a minimum in August-September.

The soil type in region of Pavlikeni is leached chernozem,
with humus horizon of 40-50 cm and good water holding ca-
pacity. The soil porosity and quench humidity are 47% and
15.2%, respectively. The soil reaction (pH) is neutral with
humus content of 3-4%. (Naydenova & Vasileva, 2019).

The established soybean cultivation technology for our
country was applied. The effect of seed inoculation with
fresh culture of B. japonicum was established on 10 soy-
bean cultivars belong to different maturity groups (MGO0-
MGII). Some of the cultivars are significant part from the
soybean production and distribution in Bulgaria — Avigeya
(MG ), Isidor (MG I), Srebrina (MG I), Richi (MG I), Rosa
(MG 1I), Daniela (MG I) and Pavlikeni (MG I). The others
— Romantika (MG 00, Ukrainian origin), Atlanta (MG 00,
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Ukrainian origin) and Saikai 20 (MG 11, Japanese origin )
are the main foreign genotypes, used in the establishment
of a new hybrid gene pool in the Bulgarian soybean breed-
ing program.

Chemical fertilization was not applied. Sowing was or-
ganized in rows, with a row spacing of 70 cm and a sowing
rate of 400 000 seeds/ha. It was performed in the second ten
days of April during the three experimental years 2018-2020.

Inoculation procedure and investigated parameters

The inoculation was conducted immediately before sow-
ing by incubation of 100 seeds per row in 30ml fresh suspen-
sion for 10 min avoiding the direct sun light. The bacterial
culture was prepared in YEB medium and incubated for 2
days at 28°C. The optical density was measured at 595nm
and the values from 0.8 to 1.0 was accepted as optimal. The
B. japonicum strain with collection number 10324, pur-
chased from the American Type of Culture Collection (Www.
atcc.org.) was used.

Ten plants per cultivar grown from inoculated seeds and
control seeds were monitored for the following morphologi-
cal parameters: plant height (cm); number of branches; fresh
plant mass (g) at R3 phase (reproductive phase); number of
fertile nodes on the main stem/ fruiting nodes; fresh root
mass (g); number of nodules; dry mass of nodules; number
of pods per plant; number of seeds per plant; seed weight
(g) per plant. The measurements were conducted during the
three consecutive years 2018-2020.

Statistical analyses

The inoculation effect on the monitored parameters by
cultivars and years was assessed by application of ANOVA:
Single Factor (unfactored disperses analysis) and compar-
ison of means was made with Least Significant Difference
at 5%, 1% and 0.1% level of probability (LSD at P<0.05;
P<0.01; P<0.001). The differences between mean values
(from three-years period) of control and inoculated plants
per cultivar were assessed by application of ANOVA: Two
Factor with Replication (two factored disperses analysis). By
this analysis the significance of the inoculation is monitored
both way: separately (factor Inoc) from the environmental/
year conditions (Y), and in combination with environmental/
year conditions (Inoc X Year interaction).

Meteorological conditions during the investigated period

The investigations includes years with different rainfall
during the vegetative and reproductive phases of crop de-
velopment (Table 1). The first two experimental years had
more favorable conditions for the flowering period, with
corresponding monthly precipitation for June, of 134.6 mm
in 2018, and 149.0 mm in 2019, respectively, and the dis-
tribution of precipitation over ten days was also even. Pods
development in 2020 year takes place under conditions of
severe drought — the precipitation amounts for July was 6.4
mm, and for August — 36.4 mm, respectively. For compari-
son in 2018, the precipitation amount for the same period is
significantly higher — 143.2 mm.

Results and Discussion

Influence of B. japonicum inoculation on plant growth
parameters

The parameters plant height (cm), number of branches,
number of fertile nodes and fresh plant mass in R3, were
monitored and data presented in Tables 2-5 and Figures 1-4.
In general all evaluated parameters demonstrated that the ef-
fect of the additional inoculation of seeds with B. japonicum
strongly depends by the genotype.

Data collected by the four parameters related to the plant
growth show, that the number of branches and number of
fertile nodes were significantly positively influenced by in-
oculation in comparison with the parameters plant height and
fresh plant mass.

The data, presented on Figure 1, show a significant pos-
itive effect of inoculation to plant height only for cultivar
Pavlikeni for growing season 2020 (p<0.01) (Table 2). For
the parameter number of branches it was found that cultivar
Srebrina was able to form significantly more branches from
plants developed after inoculation (p<0.01). This effect was
positive for the three growing season monitored, especially
in 2020, when the perception was extremely low (Table 1).
According to recent studies for the Avigeya cultivar, it was
demonstrated that number of branches passes a high relative
part to the total yield per plant (Georgiev et al. 2019). In this
aspect is important to underline that this particular parame-
ter show positive answer to inoculation for cultivar Avigeya
during the growing season of 2020.

Table 1. Monthly precipitation (mm) for the vegetation period (April-October) during the experimental years (mm)

Experimental v \% VI vl VIII IX X Rainfall amount
years April — October
2018 10.3 443 134.6 126.6 12.6 49.2 17.6 395.2
2019 94.4 41.8 149.0 77.8 8.6 2.4 13.0 387.0
2020 20.2 473 99.1 6.4 36.4 22.4 69.9 295.7
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The Srebrina cultivar together with cultivars Pavlikeni The fresh plant mass was positively influenced (p<0.05)
and Rosa show significant elevation of number of fertile by seeds inoculation only for plants of cultivar Saikai (Fig-
nodes, developed by treated plants: p<0.05; p<0.01; p<0.001 ure 4). On the base of collected results we may conclude
respectively, (Figure 3 and Table 4). that the complex parameters like fresh plant mass were not

affected by the additional inoculation with B. japonicum. Ac-
e e cording to Moretti et al. 2018, the additional inoculation do
not caused a positive effect on plant biomass. The authors re-
120 . .
ported for an increase of biomass produced from the second
. crop grown under the crop rotation.

o
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<= = A £ %8 Z collected data demonstrates tendency, where the Bulgarian

cultivars Pavlikeni, Rosa, Richi, Srebrina, Daniela and Av-
igeya, which are highly adapted to the soil conditions, after
inoculation plants showed low values for the parameter fresh
Number of branches root mass in phase R3, as the deviation from the control plant
LSD 0.05=0.97 was not significant (with exception of cultivar Richi) (Table
6). In the same time for foreign genotypes Atlanta, Romat-

ica and Saikai, the fresh root mass is positively influenced

‘ ‘ (p<0.05 for Saikai). We assume that the introduced bacteri-
| .
\

Fig. 1. Plant height (cm) of soybean cultivars presented
as mean of three consecutive years

al strain affects the root growth by disturbing the balanced
interactions in the root microbiota, to which the Bulgarian
cultivars are already adapted.

Additionally, our monitoring show that plants from for-
eign early cultivar Romantica were able to form more nod-
ules after inoculation with B. japonicim (Table 7, Figure 6),
in comparison with the other genotypes. The mean value of
Fig. 2. Number of branches of soybean cultivars pre- this. parameter was signiﬁcantly (p<0.01) positively affected

. during the three years observation.
sented as mean of three consecutive years

‘ Mean
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Atlanta C
Atlanta Inoc
Daniela C
Daniela Inoc
Isidor C
Isidor Inoc
Richi C
Richi Inoc
Rosa C
Rosa Inoc
Srebrina C
Saikai C
Saikai Inoc

Avigeya C
Srebrina Inoc

Avigeya Inoc
Pavlikeni C
Pavlikeni Inoc
Romantica C

Romantica Inoc

Table 2. Plant height (cm) of soybean cultivars during three consecutive years

= Avigeya Atlanta Daniela Isidor Pavlikeni Romantica Richi Rosa Srebrina Saikai 20

g MG ) (MG 00) (MGT) MGT) MGT) (MG 00) MGT) (MG 1) MGT) MG 1)

g

§§ Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc
SIS

2018 | 95.0 | 89.4 | 85.3 na |[85.6%%| 637 | 724 | 73.6 | 72.6 | 62.0 | 49.2 | 60.2 | 81.4**| 66.7 | 704 | 69.3 | 80.0 | 782 | 722 | 71.5

2019 | 106.4 | 114.0 | 100.0 | 101.0 | 96.2 | 102.2| 764 | 78.0 | 653 | 67.3 | 64.0* | 59.8 | na na | 113.2/] 110.0 | 104.0 | 105.6 | 83.8 | 83.2
948 | 85.6 | 74.6 | 734 | 73.6 | 692 | 76.8 | 78.6 | 75.6 | 90.8** | 512 | 50.6 | 77.6 | 724 | 742 | 704 | 76.6 | 71.6 | 71.8 | 71.2
Mean | 99.3 | 963 | 86.8 | 872 | 85.1* | 80.6 | 752 | 76.7 | 71.1 | 73.4 | 54.8 | 56.9 | 79.5%* | 69.6 | 85.9 | 83.2 | 869 | 8.1 | 71.9 | 71.3

33
f=3
3%
(=}

Y P<0.001 P<0.001 P<0.001 P<0.05 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 ns
§ ns ns P<0.05 ns ns ns P<0.01 ns ns ns
e

f. ns ns P<0.05 ns P<0.001 P<0.05 ns ns ns ns

>~

Legend.: con — control plants; Inoc — plants from inoculated seeds; Factor Y — Year; Factor Inoc — inoculation; Interaction Y*Inoc; * (P<0.05); **(P<0.01);
***(P<0.001); na — not available; ns — not significant.
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Table 3. Number of branches of soybean cultivars during three consecutive years

& Avigeya Atlanta Daniela Isidor Pavlikeni Romantica Richi Rosa Srebrina Saikai 20
g » MG 1) (MG 00) MG ) MG ) MG ) (MG 00) MG ) MG 1) MG 1) MG 1I)
£ 5
§£‘ Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc
m S
2018 [5.0%*| 4.0 | 3.7 na 42 | 50 | 34 | 32 | 3.0 | 70 | 44 | 42 | 50 | 57 | 46 | 45 | 2.8 [ 5.0*%* | 4.8 3.9
2019 | 40 | 34 | 14 |26%| 14 | 26 | 32 | 24 | 60 | 55 | 32 | 3.0 na na 22 | 3.0 | 1.8 [32%| 32 | 2.8
2020 | 42 | 58% | 40 | 4.6 42 | 52 | 35 | 26 | 24 | 32 | 38 | 40 | 42 | 50 | 24 | 36 |24 | 3.6* | 45 | 48
Mean | 4.3 | 44 | 3.1 3.6 36 | 42 | 34 | 27 | 3.5 | 45 38 | 3.7 | 46 | 53 3.1 3.7 | 23 |3.9%* | 4.1 3.8
> P<0.05 P<0.05 P<0.01 ns P<0.001 P<0.05 ns P<0.05 ns ns
§ ns ns ns ns ns ns ns ns P<0.01 ns
=
<9
)
5 P<0.05 ns ns ns ns ns ns ns ns ns
>

Legend: con — control plants; Inoc — plants from inoculated seeds; Factor A — Year; Factor B — inoculation; Interaction A*B; * (P<0.05); **(P<0.01);
**%(P<0.001); na — not available; ns — not significant
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Number of fertile nodes on the main stem

LSD 0.05

=1.15

Atlanta C
Atlanta Inoc
Daniela C

Avigeya C
Avigeya Inoc
Daniela Inoc

Isidor C
Romantica C
Romantica Inoc

Rosa C
Rosa Inoc

Richi C

Richi Inoc

Srebrina C
Srebrina Inoc
Saikai C
Saikai Inoc

Mean

Fig. 3. Number of fertile nodes on the main stem of soy-
bean cultivars presented as a mean of three consecutive
years
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Fresh plant mass in R3 (g)
LSD 0.05=41.36

Mean

Avigeya C
Avigeya Inoc
Atlanta C
Atlanta Inoc

Daniela C
Isidor C
Isidor Inoc

Daniela Inoc

Pavlikeni C
Pavlikeni Inoc
Romantica C
Romantica Inoc
Richi C

Richi Inoc

Rosa C

Rosa Inoc
Srebrina C
Srebrina Inoc

Saikai C
Saikai Inoc

Fig. 4. Fresh plant mass in R3 (g) of soybean cultivars
presented as a mean of three consecutive years

Table 4. Number of fertile nodes on the main stem of soybean cultivars during three consecutive years

= Avigeya Atlanta Daniela Isidor Pavlikeni | Romantica Richi Rosa Srebrina Saikai 20
é MG (MG 00) MG ) MGI) MG (MG 00) MG ) MG IT) MG]) MG IT)
é% Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc
o3

2018 | 183 174 [ 150 | na | 158 | 14.0 | 15.8 | 15.6 [ 148 | 15.0 [11.0| 12.2 | 164 | 17.3 | 14.0| 16.0* | 15.6| 182 [16.4| 16.2
2019 | 16.4 | 18.6 | 12.4 | 14.8*%| 134 | 13.8 | 16.2 | 154 [ 153 | 183* [ 12.8| 12.0 | na na |[18.2| 20.0 |17.820.2% |154]| 16.1
2020 | 144162 | 140 | 134 | 144 | 144 | 158 | 158 [ 152] 164 [11.8| 12.0 | 16.0 | 15.6 | 13.2| 15.6* | 148 | 142 [14.8| 17.0
Mean | 16.1 | 17.4 | 13.9 | 14.1 | 145 | 14.1 | 159 | 15.6 | 15.1 |17.0%* [ 11.9 | 12.1 | 16.2 | 16.3 | 15.1 [ 17.1** | 16.1 | 17.5% | 15.6 | 16.5
Y ns P<0.05 ns ns P<0.05 ns ns P<0.001 P<0.001 ns
£ ns ns ns ns P<0.01 ns ns P<0.01 P<0.05 ns

e

5 ns P<0.05 ns ns P<0.05 ns ns ns ns ns
>

Legend: con — control plants; Inoc — plants from inoculated seeds; Factor Y — Year; Factor Inoc- inoculation; Interaction Y *Inoc; * (P<0.05); **(P<0.01);

***(P<0.001); na- not available; ns — not significant.
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Table 5. Fresh plant mass in R3 (g) of soybean cultivars during three consecutive years

£ Avigeya Atlanta Daniela Isidor Pavlikeni Romantica Richi Rosa Srebrina Saikai 20

E ] MGD (MG 00) (MG ) (MG ) (MG ) (MG 00) (MG ) (MG I) (MG 1) (MG I)
L

E g Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc [ Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc
2018 | 130.3 | 153.4 | 43.4 | 52.0 | 157.7 | 130.6 | 89.9 | 859 | 1253 | 137.2 | 67.5 | 112.4 | 166.3* | 68.5 | 141.0 | 130.3 | 119.8 | 136.0| 77.1 | 85.6
2019 | 123.3 [ 109.9 | 50.9 | 60.4 | 84.8% | 66.7 | 65.6 | 72.0 |220.6 | 168.2 | 40.2 | 38.8 | 139.7 | 78.1 | 114.1 | 102.8 | 75.5 | 61.7 | 147.7 | 130.9
2020 | 112.3 ] 91.6 | 122.4 | 67.0 | 111.0 | 106.0 | 158.8 | 99.0 | 91.0 | 106.0 | 60.7 | 49.2 81.0 | 54.0 | 126.0 | 120.0 | 100.0 | 105.0 | 115.0 | 206.0
Mean | 122.1 | 117.7 | 68.3* | 63.2 | 115.8 | 100.8 | 100.8 | 83.9 | 145.6 | 139.9 | 54.3 | 63.5 | 128.0** | 67.5 | 124.6 | 1159 | 95.7 | 96.3 | 113.2 | 162.2*
Y ns P<0.05 P<0.05 P<0.05 P<0.05 P<0.01 P<0.001 P<0.001 P<0.05 P<0.01
E ns ns ns ns ns ns P<0.01 ns ns P<0.05
g

£ ns P<0.05 ns ns ns ns P<0.05 ns ns ns

*

-~

Legend: con — control plants; Inoc — plants from inoculated seeds; Factor Y — Year; Factor Inoc — inoculation; Interaction Y*Inoc; * (P<0.05); **(P<0.01);
*#%(P<0.001); na — not available; ns — not significant.
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Fresh root mass in R3 (g)

LSD 0.05=3.14

Avigeya C
Avigeya Inoc
Atlanta C
Atlanta Inoc
Daniela C
Daniela Inoc

Isidor C

Isidor Inoc
Pavlikeni C
Pavlikeni Inoc
Romantica C
Romantica Inoc

Rosa C

Rosa Inoc
Srebrina C
Srebrina Inoc

Saikai C
Saikai Inoc

Mean

Fig. 5. Fresh root mass in R3 (g) of soybean cultivars

presented as mean of three consecutive years

Numbers of

nodules

LSD 0.05=30.05

Mean

Avigeya C
Atlanta C
Atlanta Inoc

Avigeya Inoc

Daniela C
Isidor C
Isidor Inoc

Daniela Inoc

Pavlikeni C
Pavlikeni Inoc
Romantica C
Romanfica Inoc
RichiC

Richi Inoc

Rosa C

Rosa Inoc
Srebrina C
Srebrina Inoc

Saikai C
Saikai Inoc

Fig. 6. Numbers of nodules of soybean cultivars
presented as mean of three consecutive years

Table 6. Fresh root mass in R3 (g) of soybean cultivars during three consecutive years

Avigeya Atlanta Daniela Isidor Pavlikeni Romantica Richi Rosa Srebrina Saikai 20
g MG1) (MG 00) MG1) MG 1) MG1) (MG 00) MG1) (MG II) MG1) (MG II)
Q
g
é g| Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc
& 8
2018 | 11.8 [ 16.1 | 60 | 7.8 | 155 | 11.5 | 142 | 104 | 12.1 | 10.8 | 3.7 | 62 [26.0%*| 157 | 147 | 13.6 | 13.7 | 149 | 8.0 | 104
2019 | 84 | 7.1 64 | 82 | 68 | 63 | 67 | 72 | 159 | 112 | 44 | 50 | 115 ]| 69 | 85 | 7.7 | 92 | 74 | 137 | 115
2020 | 69 | 61 | 11.8 | 79 | 74 | 72 | 152 | 9.1 59 | 77 | 47 | 39 | 82% | 57 | 82 | 94 | 83 84 | 79 | 116
Mean| 9.0 | 96 | 7.7 | 80 | 97 | 84 | 109 | 8.6 | 113 | 9.6 | 43 52 [ 141*| 88 | 100 | 99 | 103 | 99 | 10.0 | 12.1
Y ns P<0.05 P<0.05 P<0.05 P<0.05 P<0.01 P<0.05 P<0.05 P<0.01 ns
g ns ns ns ns ns ns P<0.05 ns ns ns
g ns ns
= ns P<0.05 ns ns ns ns ns ns
-~

Legend.: con — control plants; Inoc — plants from inoculated seeds; Factor Y — Year; Factor Inoc — inoculation; Interaction Y*Inoc; * (P<0.05); **(P<0.01);

*#%(P<0.001); na — not available; ns — not significant.
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Table 7. Numbers of nodules of soybean cultivars during three consecutive years

£ Avigeya Atlanta Daniela Isidor Pavlikeni Romantica Richi Rosa Srebrina Saikai 20
E g MG ) (MG 00) (MG ) MG ) (MG 1) (MG 00) MG ) (MG 1II) MGI) (MG 1)
5 o
S T; Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc
2018 | 1082 [ 110.6 | 69.0 | NA |191.0*| 66.3 | 133.5| 88.0 | 60.2 | 75.6 | 37.4 | 564 273.8 | 140.0 | 155.0 | 110.0 | 137.4 [ 164.4| 340 | NA
2019 |108.0% [ 50.0 | 56.1 | 71.9 | 81.3* | 55.8 | 62.4 | 55.4 [ 123.0 | 119.3 | 27.6 | 52.0*** | 109.1 | 84.3 | 135.6| 112.3 [ 102.0 | 88.4 | 174.7* | 84.1
2020 834 | 63.6 | 148.6 | 163.0 | 30.8 [69.0%| 51.0 | 44.6 | 33.8 | 36.6 | 254 | 35.2 498 | 43.8 | 344 | 71.8 | 126.2 | 142.4| 78.8 | 48.6
Mean | 1004 | 73.2 | 86.1 | 109.8 | 99.8* | 63.4 | 78.3* | 60.2 | 72.3 | 77.2 | 29.8 | 48.4** | 131.8** | 85.7 | 108.8 | 99.7 | 119.5 | 126.6 | 96.8 | 69.3
Y ns P<0.001 P<0.01 P<0.001 P<0.001 P<0.05 P<0.001 P<0.001 P<0.05 P<0.01
g ns ns P<0.05 P<0.05 ns P<0.01 P<0.01 ns ns P<0.05
e
f ns ns P<0.01 ns ns ns P<0.05 ns ns ns
>~

Legend: con — control plants; Inoc — plants from inoculated seeds; Factor Y — Year; Factor Inoc- inoculation; Interaction Y*Inoc; * (P<0.05); **(P<0.01);

**%(P<0.001); na- not available; ns — not significant.
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Fig. 7. Dry weight (g) of nodules of soybean cultivars
presented as mean of three consecutive years

The data from dry mass of nodules shows that the Saikai
cultivar was able to compensate the reduction in the nodules
number by their higher dry mass (Table 8). The mean val-
ue from the three years observation a significant (p<0.01)
positive influence of inoculation on dry mass of Romantica
nodules was obtained (Table 8).

It is important to note that the cultivars Avigeya, Rosa
and Srebrina, which possess specific adaptation to the eco-
logical condition of North Bulgaria region, respond to the
additional inoculation with the smallest factorial variance
in terms of number and weight of nodules per plant. These
results confirm the ecological stability of these genotypes,
which are one of the widely used cultivars for soybean pro-
duction in Bulgaria.

The successful nitrogen fixation depends by the interac-
tion between the symbiotic bacteria and the other microor-
ganisms of the natural microbiota. Additionally, the complex

between legume plant and symbiotic bacteria is with the
close connection with the microorganisms from the rizo-
sphere zone of the plant (Donkova et al., 2014; Kavadia et
al., 2020). The successful biological nitrogen fixation (BNF)
relies on the legumes genotype and on the rhizobial strains.
Differences between genotypes capacity for BNF have been
reported for a variety of legumes (Dwivedi et al., 2015),
cited by Vanlauwea et al. (2019). Taskas et al. (2018), also
reported for selective response of the different soybean culti-
vars to B. japonicum strains.
Autoregulation of nodulation (AON) is other phenome-
na, which should to be discussed here. AON is related with
the ability of plants to control the number of nodules, which
process is started within 4 days after inoculation of soybean
plant with symbiont (Kosslak & Bohlool, 1984), cited by
Moretti et al. (2018) and suppress the further formation of
nodules. The obtained results in this study show that the dif-
ferent soybean genotypes possess different capacity to over-
come this process. In our study cultivar Romantica demon-
strated best positive answer to additional inoculation with B.
Japonicum concerning nodulation capacity evaluated for all
three parameters: fresh root mass, number of nodules and
dry weight of nodules.

Influence of B. japonicum inoculation on yield param-
eters

The yield of all studied cultivars was assessed by the
monitoring of number of pods per plant; number and weight
of seeds per plant (Figures 8 -11). The mean value of data
from three years of investigation showed highest capacity
(p<0.05) to form pods under inoculation with B. japonicum
for cultivar Pavlikeni (Figures 8, 9). Similar to Pavlikeni,
the cultivars Rosa and Srebrina also demonstrated significant
elevation in number of pods per plant, formed by inoculated
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Table 8. Dry weight (g) of nodules of soybean cultivars during three consecutive years
g Avigeya Atlanta Daniela Isidor Pavlikeni Romantica Richi Rosa Srebrina Saikai 20
E¢| (MGD (MG 00) (MG ) (MG ) (MG ) (MG 00) (MG ) (MG ) (MG ) (MG 1)
3 38
E ;‘ Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc
2018 | 0.27 | 0.39 | 035 | NA | 0.57 | 0.33 [ 0.49**| 031 | 031 | 041 | 0.17 | 025 | 1.10 | 0.51 | 0.55 | 045 | 029 | 035 | 0.12 | NA
2019 | 044 | 022 | 030 | 0.38 [ 0.46*| 029 | 039 | 037 | 0.68 | 0.78 | 0.29 | 0.31 | 0.55 | 046 | 0.58 | 0.54 | 0.30 | 0.35 | 0.71 | 0.59
2020 | 0.16 | 0.14 | 0.40 | 043 | 0.12 | 021 | 0.25 | 0.17 | 0.16 | 0.17 | 0.18 | 0.27 | 0.15 | 0.17 | 0.16 | 0.31 | 0.29 | 0.28 | 0.31 | 0.21
Mean | 0.30 | 0.25 | 034 | 040 | 039 | 0.28 | 0.38* | 0.29 | 0.38 | 0.45 | 0.22 | 0.28* | 0.56* | 0.38 | 0.44 | 0.45 | 0.29 | 033 | 0.39 | 0.43
Y ns ns P<0.01 P<0.001 P<0.001 P<0.05 P<0.001 P<0.001 ns P<0.01
§ ns ns Ns P<0.05 ns P<0.05 P<0.05 ns ns ns
e
5 ns ns ns ns ns ns P<0.05 ns ns ns
>~

Legend: con — control plants; Inoc — plants from inoculated seeds; Factor Y — Year; Factor Inoc — inoculation; Interaction Y*Inoc; * (P<0.05); **(P<0.01);

*#%(P<0.001); na — not available; ns — not significant.

plants regardless of the conditions of the experimental years
for cultivar Rosa (p<0.05) (Figure 9, Table 9). These results
could be related to the proven significant positive effect of
inoculation on the number of fertile nodes formed by these
genotypes.

For the parameters number of seeds per plant and seeds
weight per plant a positive effect (not significant) was found
for the cultivars Rosa and Srebrina. This positive tendency
was observed during the all three years (Figures 10-11) and
could be related to the above-mentioned significant increase
in the values of indicators number of pods, number of fruit-
ing nods and number of branches for these cultivars due to
the inoculation.

For the early cultivars Atlanta and Romantica a signifi-
cant (p<0.05) positive effect of inoculation on the yield of
seeds per plant was observed only for 2019, growing season.
In both cultivars this result could be associated with an in-
creased number of pods formed by the “inoculated plants”,
compared to the control in that particular year.

As a conclusion the number of pods was the only yield
parameter that was positively affected by inoculation under
the growth conditions tested.

The number of branches also could be considered as a
trait sensitive to inoculation with potential effect on yield,
but in this study only cultivar Srebrina has been shown to
react with an increased number of branches under addition-
al inoculation with nitrogen-fixing bacteria. The number of
branches in addition to strong genotypic influence has a sig-
nificant dependence by the nutrient area of the plant density
and assessment of this indicator under inoculation should be
organized in more precise formulation of the experiment.

Based on the analysis of variance the inoculation alone
and in relation to the conditions of the year does not sig-
nificantly affect the individual productivity of the plants,

ot

Fig. 8. Number of pods developed by cultivar Pavlikeni,
growing season 2019.
A — control plants, B — plants from inoculated seeds

expressed in terms of number and weight of seeds per plant
investigated under the growth conditions of Central North
Bulgaria (Figures 10-11).

According to Carciochi et al. (2019), the lack of the pos-
itive effect on seed yield by additional inoculation could be
explain by several factors like quantity and type of the nat-
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Fig. 9. Number of pods per plant of soybean cultivars
presented as mean of three consecutive years
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Table 9. Number of pods per plant of soybean cultivars during three consecutive years

g Avigeya Atlanta Daniela Isidor Pavlikeni Romantica Richi Rosa Srebrina Saikai 20
Egz| MMGD (MG 00) (MG T) (MG ) (MG 1) (MG 00) (MG 1) (MG ) (MGT) (MG T

5 o

5* 7; Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc

2018 [244.7%(1242| 81.7 | na | 76.6 | 88.3 | 80.4 | 652 |115.6| 272.0 | 112.6 | 104.2 | 94.6 | 120.0 | 109.2 | 137.5 | 90.0 | 181.0% | 167 | 132.4
2019 | 64.6 | 834 | 372 | 59.2% | 36.0 | 44.6 | 658 | 642 |197.0| 199.8 | 40.6 | 64.2* | na na | 55.6 | 100.3* | 77.6 | 104.0 | 80.0 | 84.0
2020 | 81.2 [120.6| 882 | 752 | 68.2 | 87.0 | 65.0 | 494 | 37.6 | 50.0 | 67.8 | 76.8 | 67.0 | 554 | 39.8 | 678 | 71.2| 642 | 30.0 | 434
Mean | 112.5 | 109.4| 69.8 | 67.2 | 603 | 71.0 | 70.8 | 59.6 |104.4|132.1% | 73.7 | 81.7 | 80.8 | 79.6 | 68.2 | 99.2* | 79.6 | 116.4* | 92.4 | 86.6

Y P<0.001 P<0.05 P<0.05 ns P<0.001 P<0.001 P<0.001 P<0.01 P<0.05 P<0.001
é ns ns ns ns P<0.05 ns ns P<0.05 P<0.05 ns

3

£ P<0.01 ns ns ns P<0.05 ns ns ns ns ns

*®

>

Legend: con — control plants; Inoc — plants from inoculated seeds; Factor Y — Year; Factor Inoc — inoculation; Interaction Y*Inoc; * (P<0.05); **(P<0.01);
**%(P<0.001); na — not available; ns — not significant.
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Fig. 10. Number of seeds per plant of soybean cultivars Fig. 11. Weight (g) of seeds per plant of soybean
presented as mean of three consecutive years cultivars presented as mean of three consecutive years
Table 10. Number of seeds per plant of soybean cultivars during three consecutive years
= Avigeya Atlanta Daniela Isidor Pavlikeni Romantica Richi Rosa Srebrina Saikai 20
E (MG 1) (MG 00) MG 1) (MG ) (MG 1) (MG 00) MG 1) MG 1) (MG 1) (MG II)
£
Z&% Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc
M >
2018 |432.3|249.0 | 1627 | na | 161.4 | 151.0 | 183.0 | 124.6 | 258.6 | 607.0 | 219.6 | 208.2 | 169.0 | 252.7 | 218.4 | 227.8 | 169.4 | 257.8 | 269.2 | 213.0

2019 | 128.8 | 146.3 | 70.8 | 1244 | 71.0 | 89.2 | 140.0 | 140.2 | 427.0 | 3943 | 554 | 112.0 | na na | 116.6 | 2168 | 162.2 | 2282 | 53.8 | 51.6
2020 | 149.8 | 200.8 | 177.4 | 151.6 | 132.8 | 160.0 | 119.3 | 78.8 | 62.0 | 50.0 | 102.4 | 116.0 | 91.2 | 1152 | 71.4 | 136.4 | 121.2 | 130.4 | 48.6 | 73.7
Mean | 206.9 | 204.4 | 138.6 | 138.0 | 121.7 | 130.7 | 149.4 | 114.5 | 221.8 | 243.4 | 125.8 | 145.4 | 130.1 | 166.8 | 135.5 | 189.2 | 150.9 | 205.5 | 123.9 | 112.8

>~ P<0.001 P<0.05 ns ns P<0.001 P<0.001 P<0.01 P<0.05 P<0.05 P<0.05
§ ns ns ns ns ns ns ns ns ns
— ns

g

; P<0.05 ns ns ns ns ns ns ns ns ns
>~

Legend: con — control plants; Inoc — plants from inoculated seeds; Factor Y — Year; Factor Inoc- inoculation; Interaction Y *Inoc; * (P<0.05); **(P<0.01);
***(P<0.001); na- not available; ns — not significant.
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Table 11. Weight (g) of seeds per plant of soybean cultivars during three consecutive years

_ Avigeya Atlanta Daniela Isidor Pavlikeni Romantica Richi Rosa Srebrina Saikai 20
;—';; (MG 1) (MG 00) MGT) MG 1) (MG 1) (MG 00) MG 1) MG 1I) MGT) (MG II)
g
=
§ Z | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc | Con | Inoc
SIS
2018 | 554 | 423 | 27.6 na 237 164 | 327 | 248 | 31.5 | 93.1 | 47.5 | 40.1 | 232 | 41.8 | 303 | 345 | 22.9 | 355 | 30.7 | 21.9
2019 | 17.1 | 22.5 | 11.8 | 20.8*** | 11.1 | 13.5 | 243 | 21.1 | 52.5 | 450 | 8.6 |182% | na na | 174 | 281 ] 22.6 | 299 | 49 4.6
2020 | 174 | 23.1 | 24.6 182 | 182 240 | 173 | 104 | 5.6 78 | 143 | 181 | 11.4 | 150 | 105 | 22.8 | 148 | 151 | 3.8 6.4
Mean | 26.1 | 293 |21.7% | 19.5 |17.7| 182 | 253 | 188 | 26.4 | 31.2 | 23.5 | 255 | 173 | 251 | 194 | 28 | 20.1 | 26.9 | 13.1 | 11.0
Y P<0.01 ns ns P<0.05 P<0.001 P<0.001 P<0.01 ns P<0.05 P<0.01
;é ns P<0.05 ns ns ns ns ns ns ns ns
e
;E ns ns ns ns ns ns ns ns ns ns
-

Legend: con — control plants; Inoc — plants from inoculated seeds; Factor Y — Year; Factor Inoc- inoculation; Interaction Y *Inoc; * (P<0.05); **(P<0.01);

***(P<0.001); na — not available; ns — not significant.

ural population of rhizobial bacteria in the evaluated region,
soil organic meter, stress conditions. Therefore, future stud-
ies focused on the natural biodiversity of soil microbiota and
BNF capacity of the nitrogen fixing bacteria in this region
has to be conducted.

Assessment of the interaction between the B. japoni-
cum seed inoculation and climatic conditions

It was discussed already that the effect of inoculation
with B. japonicum to some genotypes depends by the con-
ditions of the year. The calculation of the significance of the
interaction between both parameters — inoculation and year
(Y*Inoc) demonstrate the positive influence of inoculation
under the severe conditions of the year 2020. This year was
with extremely high temperatures in combination with low
precipitation during June-August (Table 1). It was observed
that the inoculated plants of the cultivar Avigeya were able
to form more branches (p<0.05); from cultivar Rosa — more
fertile nodes (p<0.05); from cultivar Daniela — more nod-
ules per plant (p<0.05); from cultivars Avigeya and Pavlik-
eni more pods (p<0.01; p<0.05) and finally more seeds per
plant from cultivar Avigeya (p<0.05). These observation
support additional positive effect of inoculation with nitro-
gen fixing bacteria, related with increase the resistance of
inoculated plants to various stress conditions. Such results
were summarized in details in the review of Kavadia et al.
(2020). The authors describe several examples as: induction
of phytohormone production by inoculated plants; regulation
of the ethylene produced under various stress conditions in
the plant tissue by symbiotic bacteria; improve availability
of phosphorus in the soil.

Conclusion

In the period of three consecutive years (2018-2020), the
parameters related the plant growth, nodulation and yield of
ten soybean cultivars with high importance for soybean pro-
duction were monitored under conditions of Central North
Bulgaria. The cultivation technology developed for this par-
ticular region was compared with application of additional
inoculation of seeds before sowing with B. japonicim. The
collected data demonstrated strong dependence of the plant
response by the genotype and by the climatic conditions of
the year.

Our results give new information for cultivars with high
application in Bulgarian seed production. For example,
the cultivars Rosa and Srebrina demonstrated tendency for
better seed production, as a result of better development of
branches, fruiting nods and pods under additional inocula-
tion. It is important to underline that the cultivars Avigeya,
Daniela and Pavlikeni expressed good ability to overcome
critical climatic conditions under additional inoculation with
B. japonicum. Better nodulation performance of the foreign
cultivars Romantica, Atlanta and Saikai was demonstrated
after inoculation. All these results provide a significant base
to promote these cultivars to Bulgarian farmers intended to
produced soybean, especially in the regions without soybean
history.

Acknowledgements

This study was supported by National Science Fund of
the Bulgarian Ministry of Education and Science, grant num-
ber DH 16/10, from 20.12.2017.



474

M. Radkova, A. lantcheva, G. Naydenova and R. Todorova

References

Agoyi, E. E, Afutu, E., Tumuhairwe, J. B., Chigeza,
G., Assogbadjo, A. E. & Tukamuhabwa, P. (2013).
A more complete definition for Promiscuous Soybean. Agri
Res. & Tech.: Open Access J., 13(5), DOI:10.19080/AR-
TOAJ.2018.13.555901

American Type of Culture Collection, www.atcc.org

Carciochi, W. D., Moro Rosso, L. H., Secchi, M. A., Torres,
A. R., Naeve, S., Casteel, Sh. N., Kovacs, P., Davidson, D.,
Purcell, L. C., Archontoulis, S. & Ciampitti, I. A. (2019).
Soybean yield, biological N2 fxation and seed composition re-
sponses to additional inoculation in the United States. Sci. Rep.,
9, 19908, https://doi.org/10.1038/s41598-019-56465-0

Donkova, R., Dimitrova, A., Dzonova, E., Petkova, G., Nedy-
alkova, K., Markova, A. & Altimirska, R. (2014). Biological
methods to increase yield and improve of quality production in
growing legumes of chernozem soils. Soil Science Agrochemis-
try and Ecology, XLVIII (3-4), 49-58, (Bg).

Dwivedi, S. L., Sahrawat, K. L., Upadhyaya, H. D., Mengoni,
A., Galardini, M., Bazzicalupo, M., Biondi, E. G., Hungria,
M., Kaschuk, G., Blair, M. W. & Ortiz, R. (2015). Advances
in host plant and Rhizobium genomics to enhance symbiotic ni-
trogen fixation in grain legumes. Adv. Agron., 129, 1-116.

FAO (Food and Agriculture Organization of the United Nations).
(2020). Available online: http://www.fao.org/faostat/en/#data

Georgiev, G. (2015). Processing, Scientific Conference, Pavlikeni
09. 2015, ISBN:978-954-2970-43-9

Georgiev, G. (2019). Influence of sowing date and inter-row spac-
ing on the structural yield elements in two soybean varieties.
Field Crop Studies, XII (3), 93-104, (Bg).

Iantcheva, A. & Naydenova, G. (2020). Biological nitrogen fix-
ation in legumes, Understanding the process, Practical notes,
Legumes translated project. DOI:10.5281/zend0.3906251.DOI

Joglekar, P., Mesa, C. P., Richards, V. A., Polson, S. W., Wom-
mack, K. E. & Fuhrmann, J. J. (2020). Polyphasic analysis
reveals correlation between phenotypic and genotypic analysis
in soybean bradyrhizobia (Brady rhizobium spp.). Syst. Appl.
Microbiol., 43(3), 126073. doi:10.1016/j.syapm.2020.126073.

Kavadia, A., Omirou, M., Fasoula, D. & Ioannides, I. M. (2020).
The Importance of Microbial Inoculants in a Climate-Changing
Agriculture in Eastern Mediterranean Region. Atmosphere, 11,
1136; doi:10.3390/atmos11101136

Leggett, M., Diaz-Zorita, M., Koivunen, M., Bowman, R., Pe-
sek, R., Stevenson, C. & Leister, T. (2017). Soybean response
to inoculation with in the United States and Argentina, Agron.
J., 109, 1031-1038, (2017), doi:10.2134/agronj2016.04.0214

Moretti, L. G., Lazarini, E., Bossolani, J. W., Parente, T. L.,
Caioni, S., Araujo, R. S. & Hungria, M. (2018). Can addition-
al inoculations increase soybean nodulation and grain yield?,
Agron. J., 110, 715-721, doi:10.2134/agronj2017.09.0540.

Naydenova, G. & Vasileva, V. (2019). Comparative evaluation
of diploid and tetraploid red clover genotypes in a flat area of
Northern Bulgaria. Journal of Central European Agriculture,
20(3), 919-927, DOLI: /10.5513/JCEA01/20.3.2231

Schulz, T. J., Thelen, K. D. & Wang, D. (2005). Effect of
Bradyrhizobium japonicum inoculant on soybean growth and
yield. Michigan State University, Crop and Soil Science De-
partment, East Lansing, MI 48823.

Solomon, T., Pant, L. M. & Angaw, T. (2012) Effects of Inocula-
tion by Bradyrhizobium japonicum Strains on Nodulation, Ni-
trogen Fixation, and Yield of Soybean (Glycine max L. Merill)
Varieties on Nitisols of Bako,Western Ethiopia. International
Scholarly Research Network Agronomy, Article ID 261475, 8
pages, doi:10.5402/2012/261475

Takacs, T., Cseresnyés, 1., Kovacs, R., Paradi, 1., Kelemen, B.,
Szili-Kovacs, T. & Fiizy, A. (2018). Symbiotic Effectivity of
Dual and Tripartite Associations on Soybean (Glycine max
L. Merr.) Cultivars Inoculated With Bradyrhizobium japoni-
cum and AM Fungi. Front. Plant Sci., 9, 1631. doi: 10.3389/
pls.2018.01631

Vanlauwea, B., Hungriab, M., Kanampiua, F. & Gillerc, K. E.
(2019). The role of legumes in the sustainable intensification of
African smallholder agriculture: Lessons learnt and challenges
for the future. Agriculture, Ecosystems and Environment, 284,
doi.org/10.1016/j.agee.2019.106583.

Voora, V., Larrea, C. & Bermudez, S. (2020). Global Market Re-
port: Soybeans, International Institute for Sustainable Devel-
opment (IISD) URL: https://www.jstor.org/stable/resrep26554

Received: November, 15, 2022; Approved: November, 21, 2022; Published: June, 2023



