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Abstract: The effects of different rhizobium strains on nitrogen fixation of mungbean were
assessed by ureide and '°N abundance methods. Three genotypes of mungbean (MJU3, KPS2
and CN72) were used as the main plot factor and three rhizobium strains, viz. Bradyrhizobium
sp. (SB1), Bradyrhizobium elkanii (SB2) and Rhizobium sp. (SB3) plus an uninoculated control
(without rhizobia), as the subplot factor. Nodule fresh and dry weights in all genotypes
increased significantly upon inoculation with SB2 strain at the R7 stage. Inoculation with SB2
also resulted in all genotypes being highest in total nitrogen, whereas inoculation with SB3
caused the greatest gain in shoot fresh and dry weights at R3.5 and R7stages respectively. The

highest percentage of nitrogen derived from the atmosphere both from the ureide and '°N
abundance techniques was found in MJU3 genotype combined with SB2 inoculation at R3.5

and R7 stages.
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INTRODUCTION
Rhizobium 1s one of the bacteria that can fix atmospheric nitrogen into a plant-available
form of nitrogen. Nitrogen fixation by the legume-rhizobia symbiosis is influenced by the strains of

native rhizobia present in the soil, soil moisture, temperature, soil pH, essential elements and light
(1, 21. In some cases native rhizobia can colonise the legume host more efficiently than commercial

strains [3]. Koskey et al (4] found that native strains of rhizobia are more effective compared with
different commercial or released strains. The beneficial aspects of native rhizobia include nutrient

uptake, promotion of sustainable management of agricultural ecosystems, promotion of plant
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growth, adaptability to soil and environmental stress, and increase in the resident soil microbiota (5,
61.
Currently, there are five methods of measurement of nitrogen fixation, viz. N balance, N
difference, '°N isotope dilution, ureide concentration and acetylene reduction (7). Each method has
its specific limitations and errors, depending on the situation and equipment. Unkovich et al [8]

suggested that the most suitable methods for quantifying biological N» fixation in crop legume are
ureide and '°N natural abundance. The advantage of the ureide method is its simplicity and low cost

plus the possibility to use both the sample xylem sap and stem segments for sample colorimetric
assays of ureides, amino-N and nitrate-N. On the other hand, the more technically-demanding '*N

natural abundance method can be applied at any location whether in the field or greenhouse where
both N»-fixing and non-N»-fixing plants are involved.

The present experiment involves evaluation nitrogen fixation in mungbean varieties with
native rhizobia using both ureide and N natural abundance techniques.

MATERIALS AND METHODS
Experimental Design

Soil samples from the field at Ulm University were collected before planting for soil
analysis with the following results: pH 7.53 measured in a 1:1 slurry with deionised water; 3.11%
organic carbon and 0.35% total nitrogen by dry combustion with a LECO TruSpec analyser (91; 0.15
mg kg! extractable phosphorus measured by calcium-acetate-lactate extraction method [101; 287 mg
kg! extractable potassium analysed by microwave plasma - atomic emission spectrometer (Agilent,
Germany).

Field soils were mixed with sand at 1:1 ratio and sterilised by steaming at 90°C for 4 -6 hr
[111. Plants were grown in plastic pots. Each pot contained 10.5 kg of soil : sand mixture with 0.035
kg organic fertiliser. The study consisted of 12 treatments and 4 replications with split-plot in a
completely randomised design. Varieties of mungbean ( Vigna radiate L.),1e. Maejo 3 (MJU3),
Khampangsan 2 (KPS2) and Chainat 72 (CN72), from Prince Chakrabandh Pensiri Center for Plant
Development, Saraburi province (Thailand) were used as the main plot factor. Rhizobium strains,
viz. Bradyrhizobium sp. (SB1), Bradyrhizobium elkanii (SB2) and Rhizobium sp. (SB3) isolated from

nodules of MJU3, KPS2 and CN72 at Prince Chakrabandh Pensiri Center for Plant Development,
Saraburi province, Thailand [12], were used as the subplot factor with no rhizobia (-Rh) as control

Sorghum bicolor (L) Moench was used as reference plant. The plants were maintained in a phytotron
chamber at the mean day/night temperatures of 35725°C and 65% relative humidity. Water was
applied daily to maintain a moisture level of 40-60% maximum water-holding capacity. The
seedlings were thinned to three plants per pot after planting for 10 days and powdered triple

superphosphate was added (1.4 gipot).
Sampling and Nitrogen Content

Plant biomass and nodules were collected to estimate the number of nodules, plant nitrogen
content and fresh and dry weights at R3.5 (beginning seedfill) and R7 (maturity harvest) stages [13].
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All plant samples were oven-dried at 65°C for 48 hr and then ground into fine powder. The nitrogen
content in the shoot was determined by dry combustion [9] using a LECO TruSpec analyser.
Root-bleeding xylem sap samples were collected at R3.5 and R7 stages for determination of
relative ureide index (» RUD, calculated from the molar concentration of ureide [14], amino nitrogen

[151and nitrate (16 using the following equation [8):
% RUI =4 x ureide /4 x ureide + amino-N -+ nitrate) x 100

The percentage of nitrogen derived from the atmosphere (% Ndfa) was calculated from % RUI
% RUI =8.6+0.75 x% Ndfa)at R3.5 and R7 stages[171. Shoot samples were also collected at R3.5 and

R7 for determining the natural abundance of the stable isotope '°N using a stable isotope mass
spectrometer (Thermo Scientific, Germany). The % Ndfa was then calculated using the following

equation [8, 18] where B is the §'°N (parts per thousand) of mungbean receiving all N from N

fixation:

% Ndfa-§'°N of reference plant-§'N of N, fixing legume x 100
§ >N of reference plant-B

Statistical Analysis

The data were analysed for statistical significance using Statistix 10 software, analysis of
variance (ANOVA), mean separation, and least significant difference (LSD) test at significance level
of p<0.05.

RESULTS AND DISCUSSION

Nodulation

The nodule assessment (number, fresh weight and dry weight) in Table 1 indicates that
different varieties of mungbean are not significantly different for all parameters at the R3.5 stage. At
the R7 stage, variety CN72 shows the highest fresh nodule weight at 0.83 g/plant but the result is not
significant with KPS2 (p <0.05). The strain of rhizobia has a significant impact on the parameters
compared with control (-Rh) both in R3.5 and R7 stages. Generally, inoculation with strain SB2
results in the highest number of nodules (average of 93 nodules/plant) and the highest fresh and dry
weights at the R7 stage (0.95 and 0.13 g/plant respectively) (p <0.05)(Table 1).

The mungbean nodulation parameters and N fixation are similar to other common legumes
such as cowpea (Vigna unguiculata) and soybean (Glycine max) in glasshouse pot culture [191. Not

only inoculation with rhizobium strain, but the management of soil nitrite, compost fertiliser,
variety of mungbean, and site or condition of growth also increase fresh and dry weights of legume
nodules (17, 20-22]. Results from this study are similar to the inoculation of mungbean and mash
bean [23-26] with rhizobium strains leading to enhanced nodulation, shoot and root dry weights and
bean yields. Similarly, Dechjiraratthanasiriet al [ 101 reported that SB2 could provide the highest

number of nodules, highest nodule fresh and dry weights, highest chlorophyll content index and
highest nitrogen content in the shoot and root of mungbean in the Leonard jar test.



140
Maejo Int. J. Sci. Technol. 2021, 15(02), 137-146

Table 1. Effects of different rhizobium strains on the number of nodules, fresh weight (g/plant) and
dry weight (g/plant) of nodules at R3.5 and R7 stages

R35 R7
Treatment No. of Fresh Dry weight No. of Fresh Dry
nodules weight nodules weight weight

Variety
MJU3 40 031 0.043 68 0.73 0.096
KPS2 44 034 0.042 73 0.77% 0.118
CN72 46 035 0.047 73 0.83% 0.118
F-test ns ns ns ns * ns
Rhizobium
-Rh 18° 0.13° 0017° 30¢ 0.44° 0.078°
SB1 48° 036 0.049° 76° 0.87° 0.121°
SB2 56* 0407 0.059* 93 0.95° 0.127°
SB3 50 044 0.052° 88 0.85° 0.118°
F-test * * * * * *
Variety x Rhizobium
MJU3 -Rh 17 012 0016 29 037 0.063
MJU3 SB1 44 0.39 0.051 59 0.84 0.107
MJU3 SB2 56 034 0.057 98 097 0.120
MJU3 SB3 44 041 0.047 87 0.73 0.093
KPS2 -Rh 26 0.18 0.020 30 045 0.087
KPS2 SB1 47 0.36 0.051 82 0.84 0.127
KPS2 SB2 52 046 0.052 92 092 0.127
KPS2 SB3 50 037 0.046 89 0.88 0.133
CN72 -Rh 13 0.10 0014 30 049 0.083
CN72 SB1 53 0.34 0.045 85 093 0.130
CN72 SB2 61 0.52 0.066 90 095 0.133
CN72 SB3 56 042 0.062 87 0.94 0.127
F-test ns ns ns ns ns ns

*Different superscripts within each column denote significant (p < 0.05) differences between groups;
ns =non-significant difference.

Plant Biomass and Total N

Results on the fresh weight of plant biomass indicate that at the R3.5 stage, the treatment
with CN72 gives significantly greater shoot fresh weight (18.9 g/plant) than does MJU3 (15.7 g/plant)
(Table 2). However, differences in shoot dry weight are not significant in this experiment in all
stages among mungbean varieties. Inoculation with all rhizobium strains significantly increases the
fresh and dry biomass and total N content of all genotypes. Inoculation with rhizobium strain SB2
results in the highest levels of total N for KPS2 in R3.5 stage and for MJU3 in R7 stage (4.65 and
3.40% respectively) (p <0.05). At R3.5 stage, the highest shoot fresh and dry weights are found in all
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genotypes inoculated with strain SB3, but this is not significantly higher than the plants inoculated
with SB2 or -Rh. However, there is no significant difference in total N and biomass among

mungbean varieties and rhizobium strains (Table 2).

Table 2. Effects of different rhizobium strains on total N, fresh weight and dry weight of shoot
(g/plant) at R3.5 and R7 stages

R35 R7

Treatment Total N Shoot fresh Shoot dry Total N ¢o Shoot fresh Shoot dry

(%) weight weight weight weight
Variety
MJU3 325" 157° 29 273 176 53
KPS2 3.66° 17.4%® 30 293 20.7 58
CN72 3.83° 189% 30 3.00 224 6.0
F-test * * ns ns ns ns
Rhizobium
-Rh 322° 182 3.1° 2.55° 193 56
SB1 333° 159° 2.7° 2.89° 189 53
SB2 420° 17.1* 29% 330° 210 58
SB3 357° 182° 32° 281" 217 6.0
F-test * * * * ns ns
Variety x Rhizobium
MIJU3 -Rh 278 164 29 217 170 49
MJU3 SBI 322 148 27 275 172 50
MJU3 SB2 3.65 158 2.8 340 176 55
MJU3 SB3 336 159 31 2.60 20.6 58
KPS2 -Rh 3.05 190 34 2.83 219 57
KPS2 SBI 331 151 2.6 2.89 159 43
KPS2 SB2 4.65 17.1 29 327 209 6.1
KPS2 SB3 361 182 32 272 240 6.9
CN72 -Rh 383 19.1 30 2.63 212 6.0
CN72 SB1 344 177 27 3.04 236 6.6
CN72 SB2 430 184 2.8 324 245 6.0
CN72 SB3 375 204 33 311 204 53
F-test ns ns ns ns ns ns

*Different superscripts within each column denote significant p < 0.05) differences between
groups; ns =non-significant difference.

In particular, these results show that the native rhizobia SB2 (Bradyrhizobium elkanii) and

SB3 inoculated in all mungbean varieties best increase the number of nodules and fresh and dry
weights of shoot at R3.5 and R7 stages. This agrees with the previous experiment by Favero et al

(271 who selected native rhizobia from 10 samples of tropical soil at Seropédica, Rio de Janeiro,
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Brazil to increase mungbean yield and quality by examining their biological nitrogen fixation. They
found that 99% of DNA of the most efficient nitrogen-fixing species showed similarity to
Bradyrhizobium elkanii by 16S rRNA technique.

Percentage of Nitrogen Derived from Air (% Ndfa)

The % Ndfa values determined using the ureide method on the root-bleeding sap sampled at
R3.5 and R7 stages are presented in Table 3. The % Ndfa ureide) values are substantially higher at R7
than at R3.5 (average of 30% at R3.5 and 75% at R7). At R3.5 stage, the MJU3 variety has the highest
% Ndfa (ureide) at 37% (p <0.05). The % Ndfa (ureide) differs significantly for different rhizobium
strains both in R3.5 and R7 stages. The SB2 strain fixes more N (43% at R3.5 and 82% at R7) than do
SB3, SB1 and the uninoculated control.

Table 3. Comparisons of % Ndfa by ureide and '°N abundance methods measured at R3.5 and R7

stages
% Ndfa ureide) % Ndfa (>N abundance)
Treatment

R35 R7 R35 R7
Variety
MJU3 37% 76 37 74
KPS2 28° 77 34 71
CN72 26 72 34 70
F-test * ns ns ns
Rhizobium
-Rh 19¢ 67° 21¢ 63°
SB1 31° 75° 31 70°
SB2 43? g0? 512 790
SB3 27" 76° 38° 75%
F-test * * * %
Variety x Rhizobium
MIJU3 -Rh 28 68 24 65
MJU3 SBI1 39 78 34 77
MIJU3 SB2 48 83 52 80
MJU3 SB3 32 77 37 75
KPS2 -Rh 16 68 18 63
KPS2 SB1 28 79 30 68
KPS2 SB2 44 81 51 78
KPS2 SB3 22 79 39 75
CN72 -Rh 14 66 20 62
CN72 SBI1 26 69 28 64
CN72 SB2 36 81 49 79
CN72 SB3 28 71 39 75
F-test ns ns ns ns

«different superscript letters within each column denote significant p < 0.05) differences between
groups; ns =non-significant difference.
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The % Ndfa values determined using !N abundance are not significantly different among
varieties and for variety-rhizobium interactions at both R3.5 and R7. Strain SB2 again produces the
highest % Ndfa ('’N abundance) values of 51% at R3.5 and 79+ at R7.It has been previously reported
that varieties of mungbean range in % Ndfa at maturity between 53- 68% [28]. Hayat et al. [29] using
the ureide technique reported that mungbean and mash bean have average % Ndfa values of 40-71%
and 41-71% respectively. There are limited studies comparing different methods of quantifying N

fixation, but those that do indicate that the ureide and '*N natural abundance techniques have highly
correlated % Ndfa in field experiments [23, 24). Researchers have also found that relative ureide-N

values tend to correspond with §'°N in different site experiments and genotypes.

There are good correlations between % Ndfa (ureide) and % Ndfa (°N abundance) at both R3.5
and R7 stages (R?-0.72 and 0.77 respectively) (Figure 1) and an even stronger correlation between the
two methods when the data for R3.5 and R7 samplings are combined (R? - 0.94) (Figure 2). However

errors of ~10v% are observed.

R3.5 stage R7 stage
60 90
y= 0£534(1)x7+l 542048 y = 0.9606x - 0.4098
50 : R>=0.7671
2 ?
= =
o o
30
20
[ J
10 60
10 20 30 40 50 60 70 80 90
%Ndfa (ureide) %Ndfa (ureide)

Figure 1. Regression of % Ndfa (!°N abundance and ureide) at R3.5 and R7 stages of mungbean
growth
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Figure 2. Regression of% Ndfa (°N abundance) versus % Ndfa (ureide) sampled at R3.5 and R7

CONCLUSIONS

Inoculation of all mungbean varieties with rhizobium strain SB2 produces the greatest
number of nodules, the highest fresh and dry weights of nodules and the highest % Ndfa. The ureide

and '°N natural abundance techniques produce similar estimates of % Ndfa for phytotron-chamber
mungbean harvested at podfill (R3.5) and physiological maturity (R7) stages. Furthermore, the MJU3

variety has the highest nitrogen fixation compared with CN72 and KPS2 when measured by '°N
natural abundance. This study shows that ureide and in particular >N natural abundance are adequate

methods for investigating nitrogen fixation of mungbean.

ACKNOWLEDGEMENTS
This study was supported by Fiat Panis Foundation (Germany) and Prince Chakrabandh

Pensiri Center for Plant Development, Saraburi Province (Thailand).

REFERENCES

1. H J Evans and S. A Russell, « Physiological chemistry of symbiotic nitrogen fixation by
legumes”, in « The Chemistry and Biochemistry of Nitrogen Fixation» (Ed. J. R. Postgate),
Springer, Boston, 1971, pp.191-244.

2. K Mohammadi, Y. Sohrabi, G. Heidari, S. Khalesro and M. Majidi, « Effective factors on
biological nitrogen fixation», Afr.J Agric. Res., 2012, 7, 1782-1788.

3. E. W. Ouma, A M. Asango, J. Maingi, and E. M. Njeru, «Elucidating the potential of native

rhizobial isolates to improve biological nitrogen fixation and growth of common bean and
soybean in smallholder farming systems of Kenya~, Int. J Agron.,2016, 2016, Art1D 4569241.

4. G. Koskey, S. W. Mburu, E. M. Njeru, J. M. Kimiti, O. Ombori and J. M. Maingi, «Potential of

native rhizobia in enhancing nitrogen fixation and yields of Climbing Beans ( Phaseolus



145

Maejo Int. J. Sci. Technol. 2021, 15(02), 137-146

10.

11.

12.

13.

14.

15.

16.

17.

18.

vulgaris L.) in contrasting environments of Eastern Kenya” , Front Plant Sci., 2017, 8§,
Artno.443.

J. C. Biswas, J. K. Ladha and F. B. Dazzo, «Rhizobia mnoculation improves nutrient uptake and
growth of lowland rice», Soil Sci. Soc. Am.J., 2000, 64, 1644-1650.

S. N. Mwangi, N. K. Karanja, H. Boga, J. H. P. Kahindi, A. Muigai, D. Odee and G. M. Mwenda,
«Genetic diversity and symbiotic efficiency of legume nodulating bacteria from different land
use systems in Taita Taveta, Kenya, Trop. Subtrop. Agroecosyt., 2011, 13, 109-118.

J. G. Howieson and M. J. Dilworth, “Working with Rhizobia”, Canberra, 2016.

M. Unkovich, D. F. Herridge, M. B. Peoples, G. Cadisch, R. Boddey, K. Giller, B. Alves and P.
Chalk, « Measuring Plant-associated Nitrogen Fixation in Agricultural Systems” , Australian
Centre for International Agricultural Research, Canberra, 2008.

A F. Wright and J. S. Bailey, “Organic carbon, total carbon, and total nitrogen determinations in
soils of variable calcium carbonate contents using a Leco CN-2000 dry combustion analyzer’,
Commun. Soil Sci. Plant Anal., 2001, 32, 3243-3258.

H. Schiiller, <« The CAL method, a new method for the determination of plant-available
phosphate in soils», J. Plant. Nutr. Soil Sci, 1969, 123, 48-63 (in German.

J. C. Frankland, P. M. Latter and J. M. Poskitt, « A Laboratory Guide to Soil Microbiology~,
Institute of Terrestrial Ecology Merlewood Research Station, Grange-over-Sands, 1995.

C. Dechjiraratthanirisi, P. Boonmee, J. Inthasan, and C. Santasup, <« Identification and
characterization of native rhizobia from three mungbean varieties” , Malaysian J. Microbiol.,
2021, 77, 121-129.

A. Pookpakdi, V. Promkham, C. Chuangpetchinda, S. Pongkao, C. Lairungreang and C.
Tavarasook, “Growth stage identification in mungbean (Vigna radiata (L. Wilczek)», Kasetsart
J. (Nat. Sci), 1992, 26, 75-80.

E.G. Young and C. F. Conway, “On the estimation of allantoin by the Rimini-Schryver reaction”,
J. Biol Chem., 1942, 142, 839-853.

D. F. Herridge, «Effects of nitrate and plant development on the abundance of nitrogenous
solutes in root-bleeding and vacuum-extracted exudates of soybean~, Crop Sci., 1984, 24, 173-
179.

D. A Cataldo, M. Haroon, L. E. Schrader and V. L. Youngs, “Rapid colorimetric determination of
nitrate in plant tissues by nitration of salicylic acid”, Commun. Soil Sci. Plant Anal., 19785, 6, 71-
80.

D. F. Herridge and M. B. Peoples, «Calibrating the xylem-solute method for nitrogen fixation
measurement of ureide-producing legumes: Cowpea, mungbean, and black gram», Comm. Soil
Sci. Plant Anal., 2002, 33, 425-437.

M. B. Peoples, A. W. Faizah, B. Rekasem and D. F. Herridge, “Methods for Evaluating Nitrogen
Fixation by Nodulated Legumes in the Field~, Australian Centre for International Agricultural
Research, Canberra, 1989, pp.22-45.



146

Maejo Int. J. Sci. Technol. 2021, 15(02), 137-146

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

D. F. Herridge and R. J. Redden, “Evaluation of genotypes of navy and culinary bean (Phaseolus
vulgaris L.) selected for superior growth and nitrogen fixation», Aust. J. Exp. Agric., 1999, 39,
975-980.

H. V. A Bushby and R. J. Lawn, «Nitrogen fixation in mungbeans-expectation and reality”,
Proceedings of 6" Australian Society of Agronomy Conference, 1992, Armidale (NSW),
Australia, pp.161-164.

D. F. Herridge and I. A. Rose, «Breeding for enhanced nitrogen fixation in crop legumes, Field
Crops Res., 2000, 65, 229-248.

Z. Shah, S. H. Shah, M. B. Peoples, G. D. Schwenke and D. F. Herridge, « Crop residue and
fertiliser N effects on nitrogen fixation and yields of legume-cereal rotations and soil organic
fertility”, Field Crops Res., 2003,83, 1-11.

D. F. Herridge, F. J. Bergersen and M. B. Peoples, “Measurement of nitrogen fixation by soybean
in the field using the ureide and natural '’N abundance methods”, Plant Physiol., 1990, 93, 708-
716.

D. F. Herridge, M. J. Robertson, B. Cocks, M. B. Peoples, J. F. Holland and L. Heuke, «Low
nodulation and nitrogen fixation of mungbean reduce biomass and grain yields’, Aust. J Exp.
Agric., 20085, 45, 269-277.

A. Javid, R. Bajwa and T. Anjum, « Response of black gram (Vigna mungo (L.) Hepper) to
Bradyrhizobium japonicum moculation under different soil amendment systems», Pak. J. Bot.,
2000, 38, 851-857.

A.P. Guimaraes, R. F. de Morais, S. Urquiaga, R. M. Boddey and B.J. R. Alves, “Bradyrhizobium
strain and the '°N natural abundance quantification of biological N fixation in soybean~, Sci.
Agric. (Piracicaba, Braz),2008, 65, 516-524.

V. O. Favero, R. H. Carvalho, V. M. Motta, A. B. C. Leite, M. R. R. Coelho, G. R. Xavier, N. G.
Rumjanek and S. Urquiaga, « Bradyrhizobium as the only rhizobial inhabitant of Mung Bean
( Vigna radiata) nodules in tropical soils: A strategy based on microbiome for improving
biological nitrogen fixation using bio-products”, Front. Plant Sci., 2021, 11, Artno.602645.

N. Boonkerd, P. Wadisirisuk, S. Siripin, T. Murakami and S. K. A. Danso, “Screening with nuclear
techniques for yield and N fixation in Mungbean in Thailand” , in « Improving Yield and
Nitrogen Fixation of Grain Legumes in the Tropics and Sub-tropics of Asia’, International
Atomic Energy Agency, Vienna, 1998, pp.77-86.

R. Hayat, S. Ali, S. S. [jaz, T. H. Chatha and M. T. Siddique, “Estimation of N»-fixation of mung
bean and mash bean through xylem uriede technique under rainfed conditions”, Pak. J. Bot.,
2008, 40, 723-734.

© 2021 by Maejo University, San Sai, Chiang Mai, 50290 Thailand. Reproduction is permitted for

noncommercial purposes.



