
Open Access: Toxicology & Research Volume 2 Issue 1, October 2019

Citation: Wubayehu Gebremedhin (2019), Influence of Soil Physicochemical properties on nitrogen fixing rhizobial strain enhancement and its uptake 
by plant. Opn acc Tox & Res.2:1. 1:7,  

Open Access: Toxicology & Research

Influence of Soil Physicochemical properties on nitrogen fixing rhizobial strain 
enhancement and its uptake by plant  

Research Article

01

Wubayehu Gebremedhin*

Ethiopian Institute of Agricultural Research, Fogera National Rice Research and training Center, Woreta, Ethiopia 

Copyright: ©2019  Wubayehu Gebremedhin. This is an open-
access article distributed under the terms of the Creative Commons 
Attribution License, which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original author and source 
are credited

Received:    October 01, 2019   
Accepted:   October 11, 2019
Published:  October 31, 2019 

Abstract

Keywords:  Isolates, Nitrogen fixation, Symbiotic, physicochemical, Nodulation

Citation: Wubayehu Gebremedhin (2019), Influence of Soil 
Physicochemical properties on nitrogen fixing rhizobial strain 
enhancement and its uptake by plant. Opn acc Tox & Res.2:1. 1:7, 

From different soil fertility management practices microbes influence available nutrients for crop production through decomposition of 
crop residues, immobilization of nutrients, mineralization, biological nitrogen fixation, and bioturbation. On the other side literatures were 
stated that some the primary elements and soil health related phenomenon’s significantly influence the development of microbes. These 
microbes contribute in the fixation of more than 80% of available nitrate to plants or animals inside the soil. Currently the knowledge on 
investigating the baton for finding best nitrogen fixing rhizobial strain and its linkage with the physicochemical property of soil were limited. 
Therefore, this research work were aimed to investigate the linkage between soil physicochemical and the nitrogen fixing rhizobial strain 
properties particularly on the plant nutrient uptake and its contribution on crop biomass. For this success the soil sample were collected 
and the native rhizobial isolates were isolated, the soil and tissue samples were analyzed to quantify the available nutrients and total nitro-
gen uptake by the plant under green house.  Also the symbiotic ratios and nitrogen difference were calculated and analyzed. According to 
the results host specific symbiotic association between the two chickpea cultivars were observed, the nutrient level of collected soil sample 
were quantified and EIARCP7, EIARCP 13, EIARCP 6 and EIARCP 19 ensures their dominance of nitrogen uptake and related symbiotic ratios. 
Rather than the soil physicochemical properties the presence of target host in the area enhances the microbial effectiveness of nitrogen 
fixation and its uptake by the plant. The output from research work recommends further works on molecular and invivo response of host 
specificity.

Corresponding author: Wubayehu Gebremedhin
Ethiopian Institute of Agricultural Research, Fogera National Rice Re-
search and training Center, Woreta, Ethiopia 
E-mail: wubsee6@gmail.com

Introduction
The principal means of managing soil fertility on agricultural land in 
most of East Africa is through recycling of crop residues, transfer of 
plant materials from non-cropped areas to arable land, from biological 
nitrogen fixation through leguminous crops, utilization of animal 
manure, and occasional application of inorganic fertilizers. In Ethiopia 
particularly the study areas under this experiment majority of chick 
pea producers highly practicing crop residue recycling, fallowing and 
rarely inorganic fertilization (Wubayehu Gebremedhin, 2018). 
Microbes influence available nutrients for crop production through 
decomposition of crop residues, immobilization of nutrients, 
mineralization, biological nitrogen fixation, and bioturbation. The 
previous findings by Ramesh K. Singh et al. 2013 showed that Nitrate 
uptake and root architecture are affected by microbial inoculants 
and nitrate availability. Nitrate transporter genes are induced by the 
presence of external nitrate which elicits root elongation and biomass.  
Some soil characteristics have significant influences on the 
development of microbes inside the roots, such as potassium (K), 
nitrogen (Treseder, 2004), pH (Isobe et al. 2007), and compaction 
(Waltert et al., 2002), as well as climatic conditions and host plant 
effects (Kivlin et al., 2011). Increasing soil acidity or alkalinity was also 
a detrimental factor to microbial sporulation in field soils (Isobe et al. 
2007).  Soil microbes also affect soil enzymes (Huang et al. 2009) by 
increasing activities such as dehydrogenase, phosphatase and urease 
(Huang et al. 2009).
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It has been estimated that on top of each hectare of land there are about 
80,000 tonnes of nitrogen available in atmosphere. But atmospheric 
nitrogen is not available to plants or animals and they cannot make use 
of free nitrogen. The amount of nitrogen fixed varies with the strain 
of Rhizobium, the plant species and environmental conditions. Date, 
1970 reported that a symbiotic fixation of 10 kg nitrogen is equivalent 
to an application of 500 kg sulphate of ammonia.
Soil organisms consist of the microflora (bacteria and fungi) and the 
soil fauna (protozoa and invertebrate groups such as nematodes, 
mites, and earthworms). They influence the availability of nutrients 
for crop production via a range of activities such as the decomposition 
of crop residues, immobilisation of nutrients, mineralisation, biological 
nitrogen fixation, and bioturbation(Bünemann, Schwenke, & Zwieten, 
2006). The soil fauna is crucial for the initial comminution and mixing 
of residues into the soil, whilst the microflora has a greater suite of 
enzymes for chemical breakdown of organic material (Paul and Clark, 
1996). 
The most important N2-fixing agents in agricultural systems are the 
symbiotic associations between crop and forage/fodder legumes and 
rhizobia. Smil (1999) suggested that we are still not able to make reliable 
average estimates of legume N2 fixation. Theoretically, that might be 
correct although the reasons are more to do with the large variations 
in N2 fixing intensity than limitations in methodology. In practice, 
there are now sufficient estimates of N2 fixation in the literature to 
calculate reasonably accurate average values such as symbiotic ratio, 

nitrogen difference are the easiest. Soil rich in beneficial/effective 
microorganisms, encourages the natural immune system of the plants, 
limits the population of phytopathogens, resists parasitic insects, and 
creates ideal situations for agriculture (Bhattacharyya et al., 2016).
Now a day the research is essential to improve the knowledge on 
investigating the baton for finding best nitrogen fixing rhizobial strain 
and its linkage with the physicochemical property of soil where it has 
originated particularly from the scenario of nitrogen uptake by the 
legume. Finally though the evidence gathered so far demonstrates 
that soil physicochemical is likely to have a significant impact on native 
microbial strain availability, the exact consequences each property 
are difficult to predict due to the complex interactions between the 
parameters. Therefore, the main objective of this research work were 
to investigate the linkage between soil physicochemical properties 
and the nitrogen fixing rhizobial strain properties particularly on the 
plant nutrient uptake and its contribution on crop biomass.
Material and Methods
Meteorological data of the sites
Bale and west Hararge have a range of temperatures at 20-25oC and of 
rain fall at 400-700mm (Atkins and Ash, 2009). The mean annual rainfall 
of Arsi Zone sites varies between 800 mm and 1400 with average 
Temperatures 15-20oC (Abate Feyissa, 2009). Average temperature 
of the study sites in Gamogofa zone is 29°C and the average annual 
rainfall is 900 mm. (SNNPRs Investment Expansion Process). 

Soil and nodule collections
From sampling sites in chickpea growing areas of eastern, southeastern 
and southern parts of Ethiopia the root nodules and soil samples 
were collected. The geographical locations of the sampling sites were 
recorded using GPS. From each site 10x10m transect was plotted from 
which five healthy and good stand plants were randomly selected and 
uprooted to collect pink nodules and kept in sealed vials containing a 
desiccant (Silica gel) covered with 1cm of cotton wool (Somasegaren 
and Hoben, 1994).  

Soil samples at rhizosphere of the uprooted plants from the same site 
were composited and collected into 1Kg plastic bags. The soil samples 
were analyzed for their physical and chemical properties (Soil pH, OC, 
total N, available P, K, CEC and texture of the soil) (Sahlemedhin Sertsu 
and Taye Bekele, 2000). 
Soil chemical and physical analysis 
Air-dried samples were analyzed for the total C, N, P, K and soil 
humus contents. Soil particle distribution was determined using 
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natrium phosphate. The total carbon content, (Ctot), was identified 
by elementary analysis while total nitrogen, Ntot, content was 
determined by the Kjeldahl method. The molybdenum blue method 
determined the total phosphorus content, (Ptot), in soil. Potassium, K, 
was determined using the Flame Photometric Method (Riehm, 1985). 
The Atomic Absorption Spectrophotometer (AAS) was employed 
to measure calcium chlorite (CaCl2). Soil pH-value was measured by 
means of electrometer.
Authentication and symbiotic properties of isolates    
Authentication of isolates on growth pouch
Isolates were authenticated as root nodule bacteria by re inoculating 

them on both host varieties namely desi seed type var. natoli and 
Kabuli seed type var. Habru obtained from Debrezeit Research Center 
(EIAR).  
The above seeds were surface sterilized with 95% alcohol and 3 % (v/v) 
sodium hypochlorite and germinated on Petri dish then transferred to 
grow in pouches/ three seeds for each. After three days of planting, 
each seedling was inoculated with 1ml culture with approximately 108 
of bacteria per ml (0.93, OD540). The plants were fertilized with N 
free nutrient medium (Broughton and Dilworth, 1970) every week and 
watered every three days as described by Somasegaran and Hoben 
(1994). 

Stock Solution Chemical g/liter

1 CaCl2.2H2O 294.1

2 KH2PO4 136.1

3 FeC6H5O7.3H2O 6.7

MgSO4.7H2O 123.3

K2SO4 87.0

MnSO4.H2O 0.338

H3BO3 0.247

ZnSO4.7H2O 0.288

CuSO4.5H2O 0.100

CoSO4.7H2O 0.056

Na2MoO2.2H2O 0.048

Table 1: N-free nutrient solutions (Broughton and Dilworth, 1970)

The experiment was laid out with three replications in a completely 
randomized design. Each replication contained two control treatments 
for comparison, which were used as negative and positive controls. 
Positive control pouches was fertilized with nitrogen, at a rate 0.05 
KNO3 (w/v) solution per week without inoculation. The negative 
control pouches were supplied only with the nitrogen free solution 
without inoculation and the nitrogen fertilizer. The plants were grown 
in a greenhouse with a 12 h photoperiod under 23 °C/15 °C day/night 
temperature. All pouches were allowed to grow for 60 days to observe 
the presence or absence of nodulation
Total Nitrogen Determination
After determining the shoot dry weight of each plant, the shoots were 
finely grinded using pistil and mortar followed by sieving with 0.5mm 
size. Then, the total nitrogen content of all the shoots were determined 
by modified “Wet” Kjeldahl method according to Sahlemedhin Sertsu 
and Taye Bekele (2000). 
N-Difference
The N-difference procedure were attempted to separate plant N into 
fractions originating from root zone on soil or atmospheric N2. This 
were achieved by comparing the amount of N accumulated by the 
N2-fixing plant under investigation with a neighboring non-N2- fixing 
control or non nodulating isolines (G. Jeffery, 2002). The N present 
in the control was taken to represent a measure of the amount of 
mineral N available for plant growth during the growing season. It is 
assumed that the N-fixing species takes up the same amount of soil N. 
The amount of N2 fixed was calculated by difference:
N2 fixed = (N yield fixing species) - (N yield non-fixing control)
Symbiotic ratio (SR) analysis 

The symbiotic ratios (SR) were used as a measure to discriminate 
between the nitrogen fixing efficiencies of different chickpea 
mesorhizobial genotypes (Charman and Ballard, 2004). The symbiotic 
ratios for different isolates/genotypes were calculated as
Symbiotic ratio (for shoot biomass) = Shoot biomass after inoculation 
with different     
                                         Mesorhizobial isolates/genotypes           .
                  Shoot biomass of non-inoculated control plants
Symbiotic ratio (for total N content) = Total N content of shoots after 
inoculation with different
                                                                      Mesorhizobial isolates/genotypes                    
.                                         Total N content of non-inoculated control plants
The symbiosis were considered to be ineffective when the symbiotic 
ratio become < 2, intermediately effective if the ratio is in the range 2 
to 4 and highly effective when the ratio becomes  ≥ 4
Statistical procedures 
Data were tested for statistical significance using the analysis of 
variance package included in Microsoft Excel 97. Comparisons were 
done using Student’s t-test. Mean comparisons were conducted using 
a least significant difference (LSD) test (P=0.05).
Results
Host specificity of rhizobial isolates under greenhouse 
condition
All the isolates were able to nodulate Desi seed types, var Natoli, and 
three isolates namely EIARCP13 from Arsi zone collection and EIARCP10 
as well as EIARCP12 from Bale zone nodulated both Desi seed types, var 
Natoli and Kabuli seeds types, var Habru in growth pouches. However 
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this stage were targeted only for authentication of nodulation with 
the rhizobials, the output showed further work on host interaction 
supported with molecular identification will be important.
Soil chemical properties
It is clearly indicated that in Table 2 west Hararge sites ranges from 
slightly acidic to neutral pH. Arsi site showed moderately acidic 
pH, soils from Bale were grouped as slightly alkaline to neutral and 
Gamogofa soils were in range between slightly acidic to slightly 
alkaline pH. Additionally available P in west Hararge soils was very high 
and it was low in other study sites. 
The organic carbon and total N rates of west Hararge, Bale and 

Gamogofa soils were grouped as low N. whereas Arsi soils ranges 
moderate to high N levels. Also organic Carbon at west Hararge and 
Bale soils were moderate and it was high level at Arsi and low at 
Gamogofa soils.   
The West Hararge soils contained ultimate C: N ratio where as in the 
other sites it was slightly lower hence the micro organisms must 
acquire enough carbon and nitrogen from the environment in which 
they live to maintain that ratio of carbon and nitrogen in their bodies. 
CEC (Cation Exchange Capacity) rating of Gamogofa, Arsi and Bale 
soils were high in where as west Hararge soils ranges from high to 
very high.

Site pH P % OC K TN C:N CEC Texture

West Hararge 6.22-6.85 5.87-61.62 1.67-2.61 0.52-1.09 0.06-0.12 22:1 -28:1 26.3-53.98 Clay & Sandy 
Clay loam

Arsi 5.44-6.35 6.5-11.82 2.46-4.36 0.73-1.35 0.19-0.35 12:1-13:1 33.36-36.32 Clay & clay 
loam

Bale 6.95-7.47 6.73-14.28 1.29-2.03 0.12-1.18 0.08-0.17 12:1-16:1 54.24-60.4 Clay

Gamogofa 6.46-7.41 5.47-10.58 0.78-1.55 0.8-1.35 0.06-0.1 13:1-16:1 42.1-51.54 Clay

Table 2: Soil analysis for sampling sites of the rhizobial isolates obtained from different parts of south eastern Ethiopia.

The symbiotic ratio and nitrogen uptake performance of chick pea 
rhizobial isolates
In all the measured parameters of the total nitrogen the highly 
effective rhizobial isolates namely EIARCP7, EIARCP 13, EIARCP 6 and 
EIARCP 19 ensures their dominance of nitrogen uptake and related 
symbiotic ratios. This was also confirmed by the ineffective rhizobial 
isolates namely EIARCP20 and EIARCP25 showed the most deficient 
nitrogen uptake and weak symbiotic ratio. From the tasted symbiotic 
ratio in all traits the potential isolates gave intermediately effective 
performance since their symbiotic ratio ranges from 2-4. This result in 
line with the report of (Dudeja et al., 2011 and Cherman and Ballard, 
2004) who stated majority their isolates were intermediately effective. 
All isolates including the positive and standard check commercial 

biofertilizer gave in effective symbiotic ratio of nitrogen derived from 
atmosphere (ndfa). In fact this might be due to either the probability 
of nitrogen fixing potential of non nodulating reference treatment 
or it might be the stage of the tissue sample to be analyzed for its 
nitrogen content. To mean that the earlier the samplings stage for 
total nitrogen less probability to see significant variation on the 
nitrogen uptake.
With regard to the symbiotic ratio for shoot dry weight (SDM SR) all 
highly effective and effective rhizobial isolates gave intermediately 
effective symbiotic ratio of shoot dry matter however the mean 
separation were not significantly different. On the other hand all 
ineffective isolates showed ineffective symbiotic ratio for the same 
parameters.

Strain Strain origin/ 
Zone

TN TNSR SDM SR Ndfa SR *SE 
rate

EIARCP 5 West Hararge 2.9803ab 2.1300abc 1.0000a 1.5800ab IE

EIARCP 6 West Hararge 3.0977a 2.1833ab 3.1250a 1.6967a HE

EIARCP 7 West Hararge 2.4627abc 1.7700abcde 3.6250a 1.0600abcd HE

EIARCP 8 Bale 1.8073bc 1.2933bcde 2.1875a 0.4067bcd E

EIARCP 9 West Arsi 1.9253abc 1.3867abcde 1.7500a 0.5233abcd IE

EIARCP 10 Bale 1.9717abc 1.4067abcde 2.5625a 0.5700abcd E

EIARCP 11 West 
Hararage

2.3447abc 1.6567abcde 2.3125a 0.9433abcd E

EIARCP 12 Bale 2.3857abc 1.6833abcde 1.3125a 0.9833abcd IE

EIARCP 13 Arsi 2.3373abc 1.6600abcde 3.5000a 0.9367abcd HE

EIARCP 14 West Hararge 2.5987abc 1.8600abcde 1.9375a 1.1967abcd IE

EIARCP 15 West Hararge 2.5917abc 1.8600abcde 2.3750a 1.1933abcd E

EIARCP 16 West Hararge 2.9350ab 2.1100abc 2.5625a 1.5333ab E
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EIARCP 17 Arsi 2.8663ab 2.0733abc 1.6875a 1.4667ab LE

EIARCP 18 Bale 1.9793abc 1.4133abcde 2.3125a 0.5800abcd E

EIARCP 19 West Hararge 2.1933abc 1.5667abcde 3.1875a 0.7900abcd HE

EIARCP 20 Gamogofa 1.7517bc 1.2633cde 2.1875a 0.3500bcd IE

EIARCP 21 Gamogofa 3.1493a 2.2667a 2.6250a 1.7467a E

EIARCP 22 West Hararge 2.9197ab 2.0633abc 2.3750a 1.5200ab E

EIARCP 23 Gamogofa 2.7797ab 1.9533abc 2.5000a 1.3800ab E

EIARCP 24 West Hararge 1.7673bc 1.2433cde 1.9375a 0.3667bcd IE

EIARCP 25 Bale 1.4317c 1.0233de 1.9375a 0.0300cd IE

EIARCP 26 Arsi 2.9690ab 2.0900abc 2.8750a 1.5667ab E

EIARCP 27 West Hararge 2.6587abc 1.9100abcd 0.5625a 1.2567abc IE

Positive control 2.0903abc 1.4933abcde 3.0625a 0.6900abcd

CP-018 (standard check) 2.9997ab  2.1767ab 0.6875a 1.6000ab

Non fixing control 1.4017c  1.0000e 1.0000a 0.0000d

CV 32.34 31.9 80.04 75.66

LSD 1.311 0.923761 3.68 1.288

P Value * * ns *

*Source (Gebremedhin W. et al., 2018)  NB: HE = Highly Effective; E = Effective; LE = Less Effective and IE= Ineffective

Soil physicochemical properties as symbiotic effectiveness indicator
 75% of Highly effective (HE) native rhizobial inoculants were obtained 
from West Hararge showed the wider availability of nitrogen fixing 
rhizobial isolates in the area followed by Arsi zone of the rest highly 
effective isolate origin. In all study site Effective nitrogen fixing rhizobial 
strain were obtained and it might confirm that the presence of the 
host plant highly ensures the probability to find effectively promising 
nitrogen fixing rhizobial strains.   All study sites shares common soil 
physico chemical properties on low level of total nitrogen and organic 
carbon indicates the total nitrogen inside the tissue were fully obtained 
from the symbiotic biological nitrogen fixation. Additionally except 
West Hararge sites all sites belong to low available phosphorous and 
slightly lower C: N ratio inside the soil indicates the nitrogen fixing 
microbes have extra source of macro nutrients like phosphorous and 
carbon for the buildup of their cell. The variability of soil pH across 
all study sites showed the dynamism of the soil rhizospher due to the 
implemented variable cultivation and land management practices in 
the areas.
Discussion
In the present study soil texture triangle 90% of the study sites were clay 
soil and the remaining 10 % sites were clay loam and sandy clay loam. 
Similarly Tate (2000) mentioned the principal soil physicochemical 
properties were adequate to obtain better growth of pulses, and for 
the survival and diversity of the indigenous rhizobia. 
In this study the highly effective and effective symbiotic rhizobial 
strains were obtained from soils with low N, P and K, level. Schimel and 
Bennett, 2004; Van der Heijden et al., 2008 also stated that however  
the inorganic N, P, and S forms liberates into the soil, including ionic 
species such as ammonium, nitrate, phosphate, and sulfate that 
are the preferred nutrient forms for plants in natural settings, the 
microbial nutrient transformations are key drivers of plant growth, 
and can sometimes be the rate-limiting step in ecosystem productivity.  

According to Nielsen M. and Winding A. 2002 since the structural 
diversity in most microorganisms’ cell wall showed stable components 
of  Phospholipid fatty acids (PLFAs) and specific polar lipids for the 
subgroups of microorganisms low level of macronutrient inside the 
soil can`t affect the physiology of  microbes. 
Microorganisms also respond quickly to environmental stress 
compared to higher organisms, as they have intimate relations with 
their surroundings due to their high surface to volume ratio. In some 
instances, changes in microbial populations or activity can precede 
detectable changes in soil physical and chemical properties, thereby 
providing an early sign of soil improvement or an early warning of soil 
degradation (Pankhurst et al. 1995). 
From the tasted 87 % of the isolates were able to nodulate Desi seed 
types, var Natoli, and 13% of them nodulate both Desi seed types, 
var Natoli and Kabuli seeds types, var Habru on growth pouches. 
This indicates that chickpea rhizobia are restrictive in nodulation 
depending upon cultivar/accessions (Gemechu Keneni et al. 2012).  
According to Bottomley, 1992 this phenomenon of the rhizobial strains 
ability to form nodules with a wide range of legume hosts or cultivar 
in an environment may contribute to their persistence. For this 13% of 
isolates performance to nodulate both cultivars will be important trait.
Because of different biotic and a biotic natural and artificial soil 
fertility management practices the soil physicochemical properties 
particularly the soil health were highly affected.  Almost all the isolates 
including isolates from the acidic area were sensitive to acidity pH 
4-5.0, and grow at near neutral and moderately alkaline environment 
(pH 6.8-9.5), except EIARC P18 and EIARCP20 that were tolerant to 
moderately acidic and alkalinity (pH 5.5 to 10) (Gebremedhin W. et 
al., 2018) . In line with the previous output the soil physicochemical 
property of the study sites didn`t favor or disfavor the symbiotic 
performance of the rhizobial isolates. However  similar work by Rhitu 
et al. (2012) have showed the tolerance of rhizobial isolates to alkaline 
pH correlates with calcareous soil where chickpea is generally grown. 

Table 3: Symbiotic ratio assessment and N uptake performance of chick pea rhizobial isolates
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On the other hand it has been reported the low symbiotic efficiency 
was explained by the relative size of the native rhizobial population 
(Chen et al., 2003). Therefore, from the soil physicochemical properties 
the soil health parameters/ acidity or alkalinity significantly affect the 
relative size of native rhizobial confidentially suppresses the symbiotic 
effectiveness of the microbes.   
Conclusion 
The soil physicochemical property from the root zone of particular crop 
enables to give details about the fertility level and soil health aspects 
of particular sites. Crops grown in the rhizospher of the soil showed 
a multiplicity of linkage along with productivity level and symbiotic 
response of microbes. Rhizobial isolates from the root zone highly 
contributes in the effective supply of macronutrients for the particular 
host. Under green house condition the rhizobial isolates gave host 
specific response in their symbiotic associations. This will encourage 
scientists for further work to quantify the level of interaction through 
molecular and field level evaluations.  
The highly effective rhizobial isolates gave dominant symbiotic ratio 
and nitrogen uptake where as the ineffective isolates showed deficient 
nitrogen uptake and weak symbiotic ratio. All isolates including tasted 
commercial biofertilizer gave ineffective symbiotic ration for nitrogen 
drived from atmosphere (Ndfa). It might indicate the nitrogen uptake 
was not completed at the time of sampling under green house. Similar 
trend /non significant responses among all treatments/ were observed 
on symbiotic ratio for shoot dry weight (SDWt).  From all study sites 
highly effective rhizobial strains were obtained indicates, rather than 
the soil physicochemical properties the presence of host plant highly 
contributes for the presence of effectively symbiotic microbes. In this 
linkage the lower level of soil macronutrients in the sites didn`t affect 
the cell build up of each isolates.  
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