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Abstract

The dynamic changes of biological N2 fixation by Azotobacter vinelandii ATCC 12837 under the 
influence o f various macronutrients, specifically phosphorus (P) and potassium (K), was investigated. 
In this attempt, Orvza sativa L. var. MR 219 was used as the model plant. Results obtained showed 
changes in the biological N2 fixation activities with different macronutrient(s) manipulations. The 
research activity enables optimisation o f macronutrients' concentration for optimal/  enhanced 
biological N2 fixation by A. vinelandii ATCC 12837.

Abstrak

Kajian perubahan dinamik ke atas pengikatan N2 biologi oleh Azotobacter vinelandii ATCC 12837 
kesan daripada perubahan kandungan nutrien-nutrien makro, terutamanya fosforus dan kalium, telah 
dilakukan. Di dalam aktiviti ini, Orvza sativa L. var. MR 219 digunakan sebagai tanaman model. 
Keputusan yang diperolehi menunjukkan perubahan aktiviti pengikatan N2 biologi bergantung kepada 
manipulasi nutrient makro yang berbeza. Aktiviti penyelidikan ini membolehkan penetapan kepekatan 
nutrien-nutrien makro untuk pengikatan N2 biologi yang optima oleh A. vinelandii ATCC 12837.
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INTRODUCTION

Nitrogen is well known as one of the most important plant nutrients. It is an essential component of the 
proteins that build cell materials and plant tissues, therefore determines plant growth and crop yield. 
Nitrogen deficiency demonstrates among others stunted plant growth and yellowing of leaves. About 
78% of the earth atmosphere comprise of nitrogen gas. The abundant atmospheric nitrogen atoms can 
be acquired through industrial process and turned into usable form, e.g. nitrate. However, this process 
involves high energy in the forms of high pressures and high temperatures.

Alternatively, bacteria, known broadly as diazotrophs, can fix molecular dinitrogen from atmosphere 
then convert it to ammonia or nitrate with the aid of special enzymes and a ready supply of iron (Biello 
2007). For years, scientists have been working earnestly to enhance understanding of the diazotrophs 
and the biological processes invloved with the ultimate goal of promoting field applications. Among 
the many diazotrophs studied, the aerobic free-living Azotobacter vinelandii have received much 
attention for its vast potentials, including its ability to fix nitrogen under aerobic environment by 
protecting the oxygen-sensitive nitrogenase enzymes from oxygen degradation.



Tissue culture is a technology that is able to produce clean and uncontaminated explants or other 
samples, under controlled environment. Often, tissue culture trials begin with formulation of suitable 
media composition for specific experimental needs, for instance different media compositions are 
optimise for regeneration of shoots, roots, callus tissue culture, embryogenic tissue culture etc. The 
most common media optimisations are done by varying the media compositions of macronutrient(s). In 
this study, an attempt to optimise and adapt the Murashige and Skoog media (1969) for biological 
nitrogen fixation (BNF) evaluation was carried out. The effects of the primary macronutrients 
phosphorus (P) and potassium (K) on BNF activities were discussed.

MATERIALS AND METHODS 

Media Formulation and Preparation

Murashige and Skoog (MS) media (1969) of adjusted macronutrient composition was prepared and 
named as Altered-MS media (AMS). Basal AMS consisted of all media components except Nitrogen 
(N), P and K. Media components P and K were incorporated at relative concentrations of IX, ViX and 
lAX. Positive growth medium was incorporated with N, P and K and designated as AMS-N-PK. All 
media were incorporated with 2% sucrose. The media are summarised in Table 1.

Table 1. Tissue culture media used in the experiment._________________________________________
Media designation Description

MS Murashige and Skoog media (1969)

Basal AMS Basal Altered-MS media (AMS) without N, P and K

AMS-N-PK Basal AMS incorporated with N, IX P and IX K concentrations

AMS-PK Basal AMS incorporated with IX P and IX K concentrations

AMS-V2PK Basal AMS incorporated with ViX P and IX K concentrations

AMS-‘/4PK Basal AMS incorporated with VaX  P and IX K concentrations

AMS-PV2K Basal AMS incorporated with IX P and Vi X  K concentrations

AMS-PV4K Basal AMS incorporated with IX P and VaX  K concentrations

Experiment Setup
Active bacterial culture of A. vinelandii ATCC 12837 was inoculated into test tubes containing the 
respective tissue culture medium (refer Table 1). Oryza (full) sativa L. var. MR 219 was used as the 
model explant in the experiment. Samplings were carried out upon two weeks plant-microbe 
interaction. Positive growth medium AMS-N-PK was not inoculated with microorganism.

15
N Isotope Dilution Method

BNF activities were evaluated based on the N isotope dilution method. Total N content in explant was
15

determined using the Kjeldahl method (Bremner 1965). N was measured by mass spectrometry 
(Fiedler and Procksch 1975, Buresh et al. 1982). The percentage of N derived from the atmosphere (% 
Ndfa) was calculated according to the following formulation:

15N atom%excess (fixing system) 4
% Ndfa = (1- ------------------------------------ — ) x 100 %

15N atom%excess (non-fixing system)

RESULTS AND DISCUSSION

BNF activities were determined based on the value of % Ndfa whereas N yield decides the efficiency 
of N uptake by explant. From the results, BNF activity or % Ndfa of 11.11±0.67 and total N yield of



1.23±0.38mg was recorded in AMS-N-PK medium. BNF activity decreased when macronutrient K 
concentration was reduced to half and subsequently one-fourth (Figure 1A). Whilst, reduction in 
macronutrient P concentration did not cause significant change in BNF activities. Although BNF 
activity recorded almost 50% drop when P concentration was reduced to half, it resumed at one-fourth 
P concentration (Figure IB). On the other hand, total N yields were generally lower at lower 
concentrations for both K and P (Figure 2 A and 2B).

Figure 1. BNF activities of A. vinelandii ATCC 12837 as affected by varying concentrations of K (A) 
and P (B) based on % Ndfa values.
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Figure 2. Total N-yield under influence of varying concentrations of K (A) and P (B).

CONCLUSION

Based on the results obtained, BNF activity was highest for A. vinelandii 12837 in AMS-^PK (% Ndfa 
= 11.27±0.33) followed by AMS-PK (% Ndfa = 11.11±0.67), while highest Total N Yield was 
recorded for explants grown in AMS-PK medium. AMS-PK medium was therefore decided to better 
suit the BNF trial.
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