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Abstract

The world’s population is growing exponentially, and farmers have been using chemical fertilizers to
boost crop yields to meet the demand for food. In Tigray, food security is still challenging. The region has
been using inappropriate amount of Urea and DAP as a primary sources of fertilizer since 1960s to
maintain this difficulty. Long-term overuse of chemical fertilizers caused soil infertility, and raising
serious concerns about agriculture’s future. This study was focused on creation of local biofertilizer as an
alternative for chemical fertilizers for sustainable farming in the area. About 50 root nodules of pea
samples were collected from two zones of Tigray. The samples were subjected to biochemical and
standard confirmatory testing. As a result, 21 Rhizobia isolates were identified. Out of 21, seven potent
isolates were screened based on in-vitro and colony forming unit’s tests, and grown in a broth culture.
Finally, Bursa seed varieties were inoculated with biofertilizers and grown in greenhouse to see how they
affected the crop’s growth parameters. According to the study’s findings, Bursa seeds inoculated with
biofertilizer significantly impacted the bursa growth parameters when compared to the control. Highest
mean on shoot length (33.55 + 1.37) cm, root length (18.08 £ 0.38) cm, chlorophyll content (3.19 + 0.3)
mg, and dry shoot weight (1.32 +0.02) mg was recorded on Ts which treated with Rhizobium-RS4
biofertilizers. All of the data generated from this study were statistically examined using SPSS version 20

by evaluating the mean and standard deviation at p < 0.05.
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1. Introduction

1.1. Background and Justification
Agriculture in the twenty-first century faces numerous challenges, including the need to produce more
food to feed a growing population. To increase production, the global agricultural systems use a lot of
chemicals, such as chemical fertilizers, pesticides, and herbicides (1). However, using higher doses or
excess than the ideal of these chemicals and fertilizers for ensuring the world food security causes several
issues, including environmental pollution, decreased input efficiency, decreased quality of food, the
emergence of pest and disease resistance, soil degradation, and a lack of micronutrients (2). As plants
absorb fertilizers through the soil, their application in excessive amounts allows them to enter the food
chain (3). Certain chemical fertilizers used in agriculture cause a large number of environmental problems
as they contain heavy metals (e.g., Cadmium and Chromium) and high concentrations of radionuclides
(2). Later these fertilizers constitute the main source of heavy metals and radionuclides in plants and some
result in the accumulation of inorganic pollutants. Moreover, greenhouses and aquaculture use huge
amounts of chemical fertilizers, especially during the peak season, which leads to dangerously polluted
underground water, especially water resources and crop production deteriorates both in terms of quality

and quantity (4).

Ethiopia is one of the few nations in Sub-Saharan Africa where agriculture is the backbone of the
economy (5), (6). Within the agriculture sector, cereals are the principal staple crops in terms of planted
area (81.46%) and output volume (88.52%) (7). To increase the production of the cereals, Ethiopia
including Tigray region have been used urea and DAP fertilizer since the 1960s, and there has been no
change in the composition of the use of fertilizers in Ethiopian agriculture. This long time and overuse of
these synthetic fertilizers pose to diminish the fertility and mineral compositions of the soil in the nation
(1). The national soil data base reported that, the Ethiopia Soil Information Systems (EthioSIS) soil
fertility mapping project in Ethiopia identified deficiencies of K, S, Zn, B and Cu in addition to N and P
in major Ethiopian soils and hence recommended customized and balanced fertilizer (EthioSIS, 2013)
applications for sustainable crop production (8), (9). In addition synthetic fertilizers are manufactured
industrially using non-renewable petroleum products under high temperature and high pressure (10). The
petroleum cost, day by day affects the cost of the chemical fertilizers. As a result, these chemical

fertilizers are not cost efficient to the low level income farmers.

Thus, biofertilizers are an excellent alternative to chemical fertilizers in agriculture due to their positive
effects in the environment (11). Research on the applications and benefits of biofertilizers indicates that
though they may not replace chemical fertilizers totally, they do provide an excellent alternative source of

fertilization (12). Biofertilizers are microbial inoculants which are capable of mobilizing important



nutritional elements in the soil from non-usable to usable form through biological processes natural (13).
These are cost effective, self-perpetuating and self-propagating, eco-friendly and not contributing to
nitrate contamination in soil and water or causing eutrophication. They bring about an improvement in
soil health by replenishing the nutrient supply over a period of time, which is a sustainable agricultural

practice (14).

The nitrogen fixing biofertilizers make a net addition to nitrogen supplies by fixing atmospheric nitrogen
for the soil-plant system (15). Rhizobium is one of the promising nitrogen fixing bacteria that enhances
soil nutrient by using microorganisms that establish symbiotic relationships with legumes plants (16).This
bacteria assures attainment in crop productivity and reduces the need for synthetic fertilizers that are
expensive and cause environ mental matters (17). Inoculation of Rhizobium appears to be very important

for legume cultivation and sustainable agriculture (18).

Bursa’ is the newly released field pea variety characterized by a prostrate growth habit. Materials ‘EH
04053’ and ‘EH 04051°, which was selected from the last stage of variety trial, was crossed together and
resulted breeder ID designation of ‘EH05027-2" (Bursa). The crossing was done at Holeta Agricultural
Research Center during 2002cropping season. Its flower color is purple. The seed coat and cotyledon
colors are Light Brown and Light Yellow, and with seed character of Wrinkled. It’s Pod Character

and Pod Color are Full (not constricted) and green) (19).

The objectives of this experiment were to produce potent Rhizobium biofertilizer as an alternative of

chemical fertilizers, and evaluate its effect on growth parameters of bursa variety crop.

2. MATERIALS AND METHODS

2.1. Description of the study area

The study was conducted at molecular biotechnology and microbial laboratory in Mekelle University
College of veterinary medicine Kalamino campus Tigray, Ethiopia. It is located 13°29°33.6” N and
39°28°44.99” E; and altitude of 2080 meters above sea level. The mean minimum and mean maximum an
average monthly temperatures of area are 8.7, 26.8 and 17.6°c respectively and laboratory setup at 25°
temperature and 60-80 humidity (https://www.distancesto.net> ethiopia » mekele).

2.2. Research design

The study was conducted in complete randomized design (CRD) includes eight treatments with four
replications. Treatments were arranged as Ty (uninoculated), Ty (Rhizobium-TS1), T2 (Rhizobium-TS3), T3
(Rhizobium-TS11), T4 (Rhizobium-TS6), Ts (Rhizobium-RS4), Tes (Rhizobium-RS5) and T7 (Rhizobium-
RS6).



2.3. Sample collection

A total number of 50 healthy, dark pinkish or red and medium sized root nodules of pea were collected
from two distinct ecological districts of Tigray region, Ethiopia: southern Tigray (Adishu) and central
Tigray (Kola Tembien). To obtain intact nodules, carefully uprooted pea plants were used and delivered
right away to the lab. Cut the roots at about 0.5 cm on either side of the healthy nodules that were seen at
the lateral and main roots. Only medium-sized nodules that were dark pinkish or red were sampled
(Tablel).

Table 1. Location of root nodule sample

Sr.No. | Location of root nodule samples Samples

1 Southern Tigray Adishu (from farmers field) RS1, RS2, RS3, RS4, RSS5, RS6, RS7,
RS8, RS9 and RS10......... RS25

2 Central Tigray Kola tembien (from farmers field) TS1, TS2, TS3, TS4, TS5, TS6, TS7,
TS8, TS9, TS10 and TS11.....TS25

Note: RS= Root nodule sample from Adishu, TS= Root nodule sample from kola tembien

2.4. Isolation of Rhizobium isolates

Each pea sample’s root nodules underwent five thorough washes with regular water to clean them of all
soil and other debris. The nodules were then submerged in 95% ethanol for 10 seconds to dissolve surface
tension and flush out air bubbles. Nodules were then submerged in 3% hydrogen peroxide for 5 minutes,
followed by five dips in sterile water, to surface sterilize them. The nodules were transferred with sterile
forceps to prevent contamination, and the forceps were sterilized in between transfers by dipping them in
alcohol and torching them. Pure and surface-sterilized root nodules were separated by a blade, held in
place by a scalpel to prevent damage, and then released into 0.1 milliliters of saline solution. On Yeast
Mannitol Agar Congo red (YEMA-Cr), a loopful of liquid streaked. On Congo red YEMA medium,
Rhizobium was isolated by separating colonies that did not take on the color of Congo red after 3- 4 days
of incubation. YEMA medium was streaked with a loop of isolated colonies for further purification, and

the loop was kept alive by sub-culturing on Yeast Extract Mannitol Agar medium (20).

2.5. Morphological characterization of Rhizobium isolates

By observing the colonies on YMA plates after growth at 30 °C, it was possible to determine the colony
characteristics (i.e. shape, size, color, opacity of the bacterial colony, and their growth rate) (21). The
isolates were examined under the microscope using the Gram staining method, which (22) described.
Additionally, growth on glucose peptone agar (GPA) (23), the keto-lactase test (24), and Yeast Mannitol
Agar (YMA) media mixed with S5ml/l bromothymol blue (YEMA-Brtb) (25) were used to determine the

purity of the Rhizobium isolates.




2.6. Biochemical characteristics of the isolates

Isolates were incubated in various media for each physiochemical test to determine whether the isolates

were Rhizobium other contaminants, and then incubated at 30 °C depending on their growth rate (26).

(25) conducted a catalase test to determine catalase enzyme production, and (23) assessed the ability to

hydrolyze starch. The production of the gelatinase enzyme, the citrate utilization test, the production of

urease (27), and the oxidase tests were carried out (28).

2.7. In-vitro assessment of plant growth promoting substance

The production of Indole-3- Acetic Acid (IAA), phosphate solubilization, and ammonia production were

investigated under the in-vitro conditions for the different isolates of Rhizobium (29, 30).

2.7.1. Liquid bioinoculant production

Under sterile conditions, mother culture of different Rhizobium strains was created in 250 ml of growth

medium using Yeast Extract Mannitol (YEM) medium (31). The inoculated broth was incubated for one

week at 28 °C in a shaking incubator. The viable cell count should have risen to 1x108cfu/ml and the pH

level should have reached 6.8—7.0 after one week. The liquid bioinoculants were used immediately,

packed, and stored once the necessary cell count was reached (32, 33).

2.8. Evaluation of symbiotic effectiveness of Rhizobium isolates on the growth of pea variety Bursa
in pot experiment

The effectiveness of isolates in promoting plant growth and atmospheric nitrogen fixation were examined

in a pot experiment. To accomplish this, standard protocols were followed for the inoculum

preparation(34, 35), seed preparation (36), inoculation process (29), and determination of chlorophyll

content (37) experiments.

2.9. Data collection and analysis

The information was gathered from the outcome of in-vitro, in-vivo, and biochemical tests. The results of
their colorimetry tests were used to describe the data collected from biochemical tests and in-vivo tests,
which were then subjected to analysis of variance (ANOVA) using statistical package software—SPSS
Version 20—and the means obtained were compared using the Least Significant Difference (LSD) test at

(p<0.05).



3. RESULTS

3.1. Cultural and microscopic characteristics of Rhizobium isolates

The cultural selection media of YEMA containing 0.0025% were applied to a total of fifty samples of root
nodules. Only 21 samples out of these produced white colonies after 24 hours at 30 °C and exhibited
similar colony morphology (Fig. 1). In addition, all 21 isolates tested positive for the confirmatory keto-
lactose test, and all isolates tested positive for the GPA test, with the exception of RS7 and RSS.
Furthermore, microscopic analysis of the 21 isolates showed that they were all rod-shaped, gram-negative

bacteria (Fig. 2).

colomes after senal
dilution streak

Fig. 1 Growth of Rhizobium in YEMA-Cr medium

Fig. 2 Microscopic observation of Rhizobium isolates



3.2. Biochemical characterization

In the catalase test, all the isolates except RS9 were positive as confirmed by the liberation of the buble of
oxygen around the Rehizobium colonies when a drop of 3% hydrogen was added to the taste isolates and
fourteen isolates except RS3, RS7, RS10, TS8, TS9 and TS10 were oxidase positive as confirmed by
change in color of oxidase strip to blackish purple (Table 2 and Fig 3). Only fourteen isolates produced
clear zones around their colonies in the starch hydrolysis test after dousing the inoculated plates in iodine
solution. In the urase hydrolysis test, only 12 Rhizobium isolates had successfully converted the urea
medium from yellow to pink color after incubation. This indicating that the test isolates were urease
positive and contributing to the medium’s alkaline nature as a result of ammonia production (Table 2 and
Fig 3). In the citrate test, the majority of the isolates saw a color change from green to blue in Simmon’s
citrate agar medium after 24 hours of incubation, indicating that the test isolates were citrate positive. The
exceptions were RS1, RS9, TS7, TS8, TS9, and TS10. Only 13 isolates, however, liquefied the medium
in the tubes during the gelatin hydrolysis test and created a clear zone around the line growth (Table 2 and

Fig 3).

Table 2. Biochemical characteristics of Rhizobium isolates from pea plants.

Isolates Catalase test Oxidase test Urease test Starch hydrolysis test Citrate test Gelatin test

RS1 + + + - - +
RS2 + + + +
RS3 + - - + + +
RS4 + + + + + +
RS5 + + + + + +
RS6 + + + + + +
RS7 + - - - + -
RS8 + + - - + -
RS9 - + - + - -
RS10 + - - + + +
TS1 + + - - + +
TS2 + + + + + +
TS3 + + + + + +
TS4 + + + + + -
TS5 + + + + + +
TS6 + + + + + +
TS7 + - + - - -
TS8 + - - + - -
TS9 + - - - - -
TS10 + - - - - -
TS11 + + + + + +




Figure 3. Biochemical test; (A). Catalase test, (B). Citrate test, (C). Oxidase test, (D). Urease test, and (E)

.Gelatin hydrolysis test

3.3. In-vitro assessment of plant growth-promeoting substance by isolates

The production of indole acetic acid, solubilization of phosphate, and production of ammonia were all
tested in-vitro on all 21 isolates. The study's findings of these tests were showed that all of the isolates
responded favorably to the production of ammonia and all but three of the isolates RS10, TS2, and TS4
responded favorably to the production of IAA. The phosphate solubilization test revealed positive results
for 18 isolates (Table 3 and Fig. 4).

Table 3. In-vitro tests of plant growth promoting activities of Rhizobium isolates

Isolates IAA production test Phosphate Solubilization test Ammonia Production test
RS1 + + +
RS2 + + +
RS3 + + +
RS4 + + +
RS5 + + +
RS6 + + +
RS7 + + +
RS8 + + +
RS9 + + +

RS10 - - +
TS1 + + +
TS2 - - +
TS3 + + +
TS4 - - +
TS5 + + +
TS6 + + +
TS7 - - +
TS8 + + +
TS9 + + +

TS10 + + +

TS11 + + +




Fig 3. In-vitro tests; (a). IAA test, (b). Ammonia test, (c). Phosphate solubilization test,
(d). Control and (e). Control

3.4. Estimation of viability of cell
Only 7 isolates (TS1, TS3, TS11, TS6, RS4, RS 5, and RS6) scored 108 cfu/ml when all the isolates were
estimated for colony forming unit per milliliter (Table 4).

Table 4. Colony counts for different Rhizobium isolates from pea plants

S. No. Isolates Dilution factor Count(cfu/ml)
1 RS1 10 1.8x107
2 RS2 10 2.6x107
3 RS3 10 1.6x107
4 RS4 10 1.23%108
5 RS5 10 1.12x108
6 RS6 10 1.36x10%
7 RS7 10 3.21x108
8 RS8 10 3.19x108
9 RS9 10 2.3x107
10 RS10 10 1.7x107
11 TS1 10 1.16x108
12 TS2 10 3.13x108
13 TS3 10 1.11x10%
14 TS4 10 2.3x107
15 TS5 10 2.0x107
16 TS6 10 1.32x10%
17 TS7 10 3.26x108
18 TS8 10 3.31x108
19 TS9 10 3.27x108
20 TS10 10 2.5x107

21 TS11 10° 1.22x108




3.5. Effect of Rhizobium isolates on growth promotion activity of pea variety of bursa in pot
experiment or In-vivo test

The study was used a pot experiment to test the effectiveness of Rhizobium isolates in promoting the
growth and development of field pea variety of bursa. Each isolate was discovered to have a favorable
impact on the diversity of growth promotion activity. This indicates that after four weeks of planting, the
growth parameters bursa, including shoot length (cm), root length (cm), fresh shoot weight (g), dry shoot
weight (mg), fresh weight (g), and dry weight (mg), chlorophyll content, and number of root nodules per
plant, were recorded. According to the analysis of variance; the effects of the Rhizobium inoculation
treatments and their interaction on the shoot length, root length, root nodule, fresh shoot weight, dry shoot
weight, fresh shoot weight, dry root weight, and chlorophyll content were significant at (p< 0.05)
compared to the control ( Table 5, Table 6, Fig 5,6 and 7).

Table 5. ANOVA of shoot length, root length, chlorophyll content, and number of nodules pea variety of

bursa as influenced by Rhizobium inoculants

Treatments Shoot Root Total No. of nodules

length(cm) length(cm) chlorophyll per root

(mg)

Mean + SD Mean + SD Mean + SD Mean + SD
To (control) 15.98°+ 1.49 6.02°+1.76 0.21°+0.02 0.00¢ + 0.000
Ty (Rhizobium-TS1) 27.38° + 1.65 12.85%4 +1.79 2.77* +0.25 22.00° +£2.94
T2 (Rhizobium-TS3) 27.63% +1.65 15.00° + 1.83 1.689+0.24 24.00%° +1.29
Ts (Rhizobium-TS11) 31.20°+2.97 15.50° +1.29 1.87¢ +0.19 25.00® +1.41
T4 (Rhizobium-TS6) 27.30°+ 1.86 11.98¢+1.34 2.16% +0.46 23.00% +1.718
Ts (Rhizobium-RS4) 33.55*+1.37 18.08*+0.38 3.192+0.3 26.00°+ 0.96
Te (Rhizobium-RS5) 32.48*+1.15 15.00% + 0.82 2.74%® +0.21 26.00* + 1.89
T7 (Rhizobium-RS6) 31.63*+1.75 12.93% + 1.09 2.38> +0.75 21.00°+2.16

SD= Standard deviation. Means in the same column followed by the same letter are not significantly different at LSD test

(p<0.05).

Fig 5. Rhizobium inoculated plants and control plants growing in greenhouse conditions.



TO= Control and T1, T2, T3, T4, TS5, T6 and T7=Treatments inoculated with different rhizobial isolates

Fig 7. Nodule formations in Rhizobium inoculated plants (C), and absence of nodule formations in control

plant (without Rhizobium inoculations) (D)



Table 6. ANOVA of fresh shoot weight, fresh root weight, dry shoot weight, and dry root weight of pea

variety of bursa as influenced by Rhizobium inoculants

Treatments Fresh shoot Fresh root Dry shoot Dry root
weight (g) weight (g) weight (mg) weight
(mg)
Mean+SD  Mean + SD Mean + SD Mean + SD
To (control) 1.20f £.11 0.61° £0.10 0.33° +0.1 0.138 £0.01
T (Rhizobium-TS1) 2.05° +.03 1.35% +0.14 0.97¢¢ £0.04 0.709+0.05
T2 (Rhizobium-TS3) 2.429+.05 1.28°£0.03 0.95% £0.05 0.76 £0.04
T3 (Rhizobium-TS11) 2.93°+.09 1.43% £0.04 1.13* +0.07 0.80% £0.04
T4 (Rhizobium-TS6) 2.49¢ .07 1.034+0.04 0.88+0.04 0.57f £0.02
Ts (Rhizobium-RS4) 3.47*+.19 1.73* £0.12 1.32* £0.02 0.84* £0.03
Tes (Rhizobium-RSS) 3.13° +.02 1.25¢ +£0.02 1.17° £0.07 0.75% £0.01
T7 (Rhizobium-RS6) 2.93° +.15 1.35% +0.10 0.99° £0.02 0.65¢ £0.03

SD= Standard deviation. Means in the same column followed by the same letter are not significantly different at LSD test

(p<0.05).

4. DISCUSSION

Among 21Rhizobium isolates isolated from the root nodules of field pea plant collected from field. Seven
isolates were selected from the total 21 Rhizobium isolates based on their characteristics. The rhizobia
isolates utilized in this investigation were assigned to the genus Rhizobium as a result of in-vitro
characterization, biochemistry, and colony morphology. The microscopic analysis of the colony and
morphological characteristics the isolates in this study were white, mikly, rod-shaped, and gram-negative
(Fig 1 and Fig 2). This result was agreed with studies (38-40). Rhizobial isolate colonies grown in Congo
red in this study were white; they are unable to absorb Congo red, but other contaminants, such as
agrobacterium, can. Similar to this, after adding 1.0 ml of Benedict's reagent to each isolate's plate in the
keto-lactose test; none of the isolates produced a yellow color on the keto-lactose media. This means that
every isolate tested positive for both the GPA test and the keto-lactose test, with the exception of RS7 and
RS8, which did not grow on GPA media. This shows that rhizobia isolates grew poorly or not at all on
glucose peptone agar medium and barely affected pH. These findings thus proved that the isolates were

Rhizobium (41, 42).

In the present study, all isolates except RS9 were positive for catalase test as confirmed by liberation of
bubble of oxygen around the Rhizobium colobies when drop of 3% hydrogen peroxide was added to the
test isolates and oxidase test; fourteen isolates were positive except the isolates of RS3, RS7, RS10, TS7,
TS8, TS9 and TS10 as confirmed by change in color of oxidase strip to blackish purple. This outcome
was in great agreement with (43) (44, 45).



Only fourteen isolates in the current study produced clear zones around their colonies in the starch
hydrolysis test after dousing the inoculated plates in iodine solution. In the urease hydrolysis test, only 12
Rhizobium isolates had changed the color of the urea medium from yellow to pink after incubation,
indicating that the test isolates were urease positive and that the ammonia production was the cause of the

medium's alkaline nature. The findings of) (46, 47) were relatively similar to this result.

In the citrate test, the majority of the isolates saw a color change from green to blue in the simmon’s
citrate agar medium after 24 hours of inoculation, indicating that the test isolates wer citrate positive. The
exceptions were RS1, RS9, TS7, TSS8, TS9, and TS10. Only 13 isolates, however, liquefied the medium
in the tubes and created a clear zone around the line growth in the gelatin hydrolysis test. The findings

from the studies published by (45) (47) (48) were in agreement with this outcome.

All of the isolates in this study responded favorably to ammonia production. This result showed that
despite the nodule's low oxygen concentration, the isolates were still able to reduce N> to ammonia using
nitrogenase. Additionally, these isolates were reluctant to give their host plant the ammonia they
produced, so by choking their metabolism, they are forced to do so. This result was align with studies (49,

50).

Except for RS10, TS2, TS4, and TS7, all isolates tested positive for IAA production. This suggested that
the isolates could produce IAA from organic substances like tryptophan excreted from plant roots to
promote and facilitate plant growth. On Pikovskaya agar, 18 isolates created a clear zone during the
phosphate solubilization test. This demonstrated the isolates' ability to dissolve tricalcium phosphate.

Studies by Othman and Tamimi (2016), (51) (52) (53) were comparable to the current study.

Only 7 isolates (TS1, TS3, TS11, TS6, RS4, RS5, and RS6) were estimated for colony forming unit per
milliliter in the country. According to this estimation, the seven isolates (TS1, TS3, TS11, TS6, RS4,
RS5, and RS6) satisfy the requirement of 108 colony forming units per milliliter (108cfu/ml) to be used as

bioinoculants. The findings of studies by (54) (55) are all consistent with this conclusion.

After 4 weeks of planting, the following plant characteristics were measured: shoot length (cm), root
length (cm), fresh shoot weight (g), dry shoot weight (mg), fresh root weight (g), dry root weight (mg),
and the number of root nodules per plant. According to an analysis of variance, there was a significance
differences between the Rhizobium inoculation treatments and the control terms of shoot length, root
length, root length, root nodule, fresh shoot weight, dry shoot weight, fresh root weight, and chlorophyll
content. The length of the shoots varies from 15.98 to 33.55 cm. TS5 (33.55 cm), inoculated with
Rhizobium-RS4, had the longest shoots, followed by T6 (32.48 cm), T7 (31.63 cm), and T3 (31.20 cm).



A minimum shoot length of 15.98 cm was noted in the control group or TO (uninoculated). In comparison
to T1 (Rhizobium-TS1), T2 (Rhizobium-TS3), and T4 (Rhizobium-TS6), TS5 (Rhizobium-RS4), T6
(Rhizobium-RSS5), T7 (Rhizobium-RS6), and T3 (Rhizobium-TS11) had the longest shoots. Table 5
summarizes the results of the treatments T1 (Rhizobium-TS1), T2 (Rhizobium-TS3), and T4 (Rhizobium-
TS6). 6.02 to 12.93 cm is the size range of the roots. Maximum root length was noticed in TS that had
received Rhizobium-RS4 inoculation. A minimum root length of 6.02 cm was noted in the TO
(uninoculated) or control group. The differences between the inoculated treatments and the control were
all statistically significant. The differences in root length between treatments T5 (Rhizobium-RS4), T1
(Rhizobium-TS1), T2, T3, T4, T6, and T7 (Rhizobium-RS6) was statistically significant. Rhizobium-TS1,
Rhizobium-TS6, and Rhizobium-RS6 were identical in T1 but different from the control in T4 and T7
(Table 5). This study was comparable with the studies (56-58).

The range of chlorophyll content is 0.21- 3.19 mg. The most chlorophyll was found in T5 (3.19 mg),
which had been exposed to Rhizobium-RS4. The control group or TO (0.21mg) had the least amount of
chlorophyll. The Rhizobium inoculated plants’ treatments all outperform the control group statistically. In
terms of their chlorophyll contents, the treatments TS (Rhizobium-RS4) and T7 (Rhizobium-RS6) differ
significantly from T2 (Rhizobium-TS3), T3 (Rhizobium-TS11), T4 (Rhizobium-TS6), and T6 (Rhizobium-
RS5). When compared to the treatments T1 (Rhizobium-TS1), TS (Rhizobium-RS4), and T6 (Rhizobium-
RS5), the T2 (Rhizobium-TS3), T3 (Rhizobium-TS11), and T4 (T4 (Rhizobium-TS6) results were

identical but significantly different. This study result was concurrent with the studies (58-60)

In comparison to un-inoculated or control plants, the number of root nodules per plant infected by
Rhizobium isolates was significantly (p<0.05) different (Table 5). All of the treatments in a greenhouse
increased the number of root nodules on each plant in comparison to the control. Root nodules ranged in
number from 0.00 to 26.00. Most root nodules were seen in the TS5 (Rhizobium-RS4) and T6 (Rhizobium-
RS5) treatments. In the group TO (control), there were no root nodules observed. The Rehizobium
inoculated plants had significantly more nodules than the control. T5 (Rhizobium-RS4) and T6
(Rhizobium-RS5) were significant among the treatments, outperforming all others. Similar results were
found for T1 (Rhizobium-TS1) and T7 (Rhizobium-RS6) (Table 5). Brusa variety in this experiment had
longer shoots, longer roots, more chlorophyll, and more nodules due to the inculation of Rhizobium
isolates. This shows that Rhizobium isolates effectively interact symbiotically with Bursa variety roots.

The investigation conducted by (30, 39, 61, 62) coincided with the above-mentioned results.

The experimental findings in the current study showed that the Rhizobium inoculated bursa variety

performed better than the control group in terms of fresh shoot weight, fresh root weight, dry shoot



weight, and dry root weight. The range of fresh shoot weight per plant was found to be between 1.20 and
3.47 g. TS (3.47 g/plant) had the highest shoot fresh weight, followed by T6 (3.13 g/plant), T7 (2.93
g/plant), T3 (2.93 g/plant), T4 (2.49 g/plant), T2 (2.42 g/plant), T1 (2.05 g/plant), and TO/control (1.20
g/plant). The plants that received Rhizobium inoculation outperformed the control group. Overall
treatments, the highest mean fresh shoot weight TS was significant. Similar results were found for the
treatments T3 (Rhizobium-TS11) and T7 (Rhizobium-RS6) (Table 5). Rhizobium inoculated treatments’
root fresh weights demonstrated significant differences from the control and ranged from 0.61 to 1.73 g
per plant. In comparison to the control group, root fresh weights of Rhizobium inoculated treatments were
statistically significant. TS (Rhizobium-RS4) recorded the highest root fresh weight, followed by T3
(Rhizobium-TS11), and TO (Control) recorded the lowest root fresh weight (0.61g/plant). The treatment
T5 (Rhizobium-RS4) outperformed all others in terms of the root fresh weight. The results of the
treatment T1 were comparable to those of T2, T3, T6, and T7, but they differed significantly from those
of T4 and T5 (Table 5). Shoot dry weights between 0.33 and 1.32 mg were noted. The plants that received
Rhizobium inoculation outperformed the control group. Rhizobium-RS4 showed the highest shoot dry
weight at TS, followed by Rhizobium-TS11 at T3 and Rhizobium-RS5 at T6, and control showed the
lowest shoot dry weight at TO. TS (Rhizobium-RS4) was the most significant treatment overall. T1 and T2
among the treatments produced results that were comparable but noticeably different from T3 and T6.
The root’s dry weight was measured in the 0.13-0.84 mg range. TS (Rhizobium-RS4) 0.84 mg, which is
statistically significant compared to all other treatments, recorded the highest root dry weight. The
Rhizobium inoculated plants were significantly superior to the control in all growth performance
parameters of the plants at p-value (p<0.05). This showed that the isolated strains that had been
inoculated performed better at fixing nitrogen and enhancing plant growth. This might be because the
organism has the genetic capacity to fix nitrogen. Thus, the current findings of the bursa pot experiment

were in line with those of the studies published by (30, 63-66).



S. CONCLUSIONS
Based on biochemical and in-vitro tests, twenty-one Rhizobium isolates were obtained for this study from
the root nodule of field pea plants. Seven isolates were chosen from this group, and their efficacy was
evaluated based on their performance in in-vitro tests and their ability to produce 10® colony-forming
units (10%cfu) when used as bioinoculants to inoculate bursa seeds and assess the bursa's ability to grow.
The outcome demonstrated that Rhizobium isolate inoculated bursa variety outperform uninoculated
bursa variety in terms of performance. Even though all of the isolates improved the bursa's ability to
grow, isolate Rhizobium-RS4 was the most effective in terms of nodulation efficiency, fresh weight
shoot/root, dry weight shoot/root, and chlorophyll content. The efficiency of variation among the
Rhizobium isolates in nodulation and other growth parameters on the crop may be due to variations in
their symbiotic traits and genetic makeup. The unique aspect of this study was the screening of isolates
from field pea root nodules and their inoculation to the other newly released field pea bursa variety seeds
to enhance plant growth. As a result, the isolated inoculants that this study produced were not variety-
specific. This discovery may provide us with fundamental knowledge about bioinoculants, which are not

variety-specific in their ability to promote the growth of legumes.
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