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ARTICLE DETAILS

ABSTRACT

Article History:

Low soil fertility status, nutritional imbalance and inappropriate agronomic practices are the major problems limiting
the current production and yield of groundnut, therefore a study was conducted during 2015/2016 at the green house
of the Universiti Kebangsaan Malaysia (UKM), Bangi, Malaysia, to evaluate the effect of Rhizobium inoculation, in
combination with P and N fertilization on the growth and yield of groundnut. The experiment included plots with and
without Rhizobium-inoculated treatments, two rates of P fertilizer (0, 82 kg ha-1) and two rates of N fertilizer (0, 27
kg ha-1). The treatments were laid out in a split-split plot design with two main plots (plots with and without
rhizobium), two sub plots (for two Nitrogen levels) and two sub sub-plots (for two phosphorus levels), and the
experiment replicated thrice. The results showed that the treatment of R+N1P1 increased significantly effect on soil pH
by 5.89 units, the R+N1P1 significantly effect on Organic Matter, Soil organic C, soil total N, soil CEC, and available P by
(4.87%, 2.13%, 0.34%, 7.0 meq/100g, and 94.36 µg/g, respectively). Based on the results of the present study, it was
concluded that the soil properties can be increased with the use of P and N fertilizers along with rhizobium inoculants.
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1. INTRODUCTION

experiment was set up to study the effects of Rhizobium inoculation, in
combination with P and N fertilization on the soil chemical properties.

The use of mineral fertilizers is paramount to enhance soil fertility [1,2].
However, due to the exorbitant costs of inorganic fertilizers, many
smallholder farmers hardly use them to enhance their yields, and those
who do so, usually apply at rates lower than the recommended application
rates [3-6]. There is a need to reduce reliance on inorganic N for Ndepleted soils in smallholder fields. Under such scenario, adoption of grain
legume crops in cereal-based cropping systems can be a plausible
technological option for grain food improvement in the region.

2.2 Experimental Design, Treatments and Measurements

Inoculation using Rhizobial strains is one of the strategies employed to
enhance symbiotic N fixation by legumes, and hence improve yield in crop
production systems [7]. However, poor nodulation and poor plant vigour
have been observed in legumes grown in soils low in extractable P [8]. P is
one of several elements which affects N fixation, and, along with N, it is a
principal yield-limiting nutrient in agricultural production [9]. P is
essential for both nodulation and N fixation [8, 10]. Nodules are strong
sinks for P and range in P content from 0.72 to 1.2% as a consequence, N
fixation-dependent plants will require more of this element than those
supplied with combined N [11, 12]. Thus, nodulation, N fixation, and
specific nodule activity are directly related to the P supply in the soil [10,
12]. The application of P could, thus, enhance maximum exploitation of the
advantages of BNF mechanism by legumes.

The experiment was conducted using a split-split plot design with two
main plots (namely with and without rhizobium), two sub plots (for two
Nitrogen levels) and another two sub sub-plots (for two phosphorus
levels). The experiment was replicated three times.
The details of the treatments are given below:

The current study was carried out to assess the impact of Rhizobium
inoculation in combination with phosphorus and nitrogen fertilization.
The combination of these inputs has demonstrated improvement in soil
chemical properties.
2. METHODOLOGY
2.1 Study Site Details
The present research was conducted during 2015/2016 at the green
house of UKM, Bangi, Malaysia (2°55'13.1"N 101°47'01.4"E). The

This study was conducted under greenhouse, conditions which included
planting in an area of 2.5×2.5m for each plot. Polyethylene pots were used,
each pot containing 5 kg of soil. Four groundnut seeds were sown in each
pot, and thinned to two plants per pot, one week after seeding. The pots
were frequently irrigated to maintain moisture content at field capacity,
during the crop growth period [13].

Treatments: I. Main plots: rhizobium
a. R+ – rhizobium
b. R- – without rhizobium
II. Sub-plots: Nitrogen levels
a. N0 – No Nitrogen application
b. N1 – 100% of Nitrogen requirement (urea 27 kg/ha i.e.
0.326
g/pot)
III. Sub sub-plots: Phosphorus levels
a. P0 – No Phosphorus application
b. P1 - 100% recommended dose of phosphorus (Christmas
Island Rock Phosphate (CIRP) 82.5 kg/ha i.e. 1.526 g/pot),
both of fertilizers obtained from the (Agriculture Chemical
Sdn. Bhd., Malaysia). Urea 27 kg/ha i.e. 0.326 g/pot were
applied.
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After preparation of the (80) pots, half of the groundnut seeds were
inoculated with rhizobium inoculum prior to sowing and the other half
was left un-inoculated as control, Phosphorus and Nitrogen fertilizers
were applied at sowing stage.

3. RESULTS
3.1 Effects of Inoculation and Inorganic P on Soil Chemical Properties
Rhizobium inoculation combined to phosphorus and nitrogen fertilizer
increased soil pH water significantly in all treatments except in the
control (table 2). R+N1P1 and R+N1P0 increased significantly 5.89 units and
5.90 units, respectively. The highest Organic Matter was recorded in the
R+N1P1 and R+N1P0 treatments, 4.87% and 4.08% respectively. Soil
organic C showed significant differences across different treatments at
the initial soil sampling (P<.0.05) and the highest mean (2.13%) observed
in R+N1P1. The application of Rhizobium inoculation combined to
phosphorus and nitrogen fertilizer recorded the highest soil C (2.83%)
followed by treatment of nitrogen and phosphorus alone (2.70%), while
the control recorded the lowest (2.02%).

2.3 Soil Analysis
Soil samples were analyzed for available P by the Olsen‟s method and
determined calorimetrically by the ascorbic acid-molybdate blue
method, available N (NH4+ and NO3-) by automated caDry matterium
reduction method using Auto Analyzer (FIAstarTM 5000 System),
organic C Walkley and Black of colorimetric method was used and total N
by The soil total N was determined by dry combustion method, soil pH by
potentiometric method at a ratio of 1:2.5 soil:water using pH meter, CEC
(exchangeable bases - Ca2+, Mg2+, K+, and Na+) by 1M ammonium
acetate method at pH 7 (Ca2+ and Mg2+ by Atomic Absorption
Spectrophotometer, Na+ and K+ by flame photometer) [14-17].
Table 1: The initial physico- chemical properties of the experimental soil
Parameters
pH
CEC meq/100g soil
Soil moisture (%)
Organic matter (%)
Ca2+ (µg/g)
Mg2+ (µg/g)
K+ (µg/g)
Phosphorus (µg/g)
silt (%)
clay (%)
sand (%)
Nitrate (µg/g)
Texture
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Values
4.33
7.42
11.503
6.257
459.03
385.142
840.73
41.847
6.71
30.62
62.67
16.9
Sandy clay

The application of treatments significantly increased soil total N values in
the order Rhizobium inoculation combined to phosphorus and nitrogen
fertilizer (0.34%). The treatments increased significantly (p≤0.05) the
exchangeable Ca values in the hierarchal order of treatments: R +N1P1 (508
µg/g), R+N1P0 (480 µg/g), R+N0P1 (484 µg/g) over the control. The
increase of soil exchangeable Mg was in the order of treatments: R +N0P0
(171.13 µg/g), R+N0P1 (168.95 µg/g) followed by R+N1P1 (162.41 µg/g), RN1P1 (161.32 µg/g). However, R+N1P1 R-N0P0 and R+N1P0 treatments
recorded numerically high values (725.4, 694.2 and 663 µg/g,
respectively). The application of treatments Rhizobium inoculation +
nitrogen + P and Rhizobium inoculation with nitrogen alone recorded the
highest soil CEC values of 7.0 meq/100g and 6.3 meq/100g, respectively.
The increased in available P were observed in the various treatments in
the order of R+N1P1 (94.36 µg/g), R+N0P1 (48.07 µg/g) and R-N1P1 (46.83
µg/g), the lowest values were recorded for R-N1P0 (31.94 µg/g) and RN0P0 (30.23 µg/g) treatments.

Table 2: Effects of various treatments on Physico- chemical of soil properties.
Various
treatments

pH

Organic
carbon

C%

Organic
Matter
(%)

N%

Phosphorus
(µg/g)

CEC
meq/100g

Ca2+
(µg/g)

Mg2+
(µg/g)

K+
(µg/g)

R+N1P1

5.89ab

2.13a

2.83a

4.87a

0.34a

94.36a

6.3a

508a

162.41a

725.4a

R+N1P0

5.90a

1.59bc

2.11ab

3.64b

0.25b

33.26b

7.0a

480ab

160.23a

663ab

R+N0P1

5.83ab

1.78ab

2.36ab

4.08ab

0.28ab

48.07b

3.1b

484a

168.95a

592.8bc

R+N0P0

5.37ab

1.60bc

2.13b

3.66b

0.24bc

38.7b

2.7b

452b

171.13a

616.2bc

R-N1P1

5.12b

1.55bc

2.70ab

3.92ab

0.22bc

46.83b

2.9b

436b

161.32a

694.2ab

R-N1P0

5.09b

1.37bc

2.09b

3.54b

0.20bc

31.94b

3.05b

440b

163.5a

600.6bc

R-N0P1

5.11b

1.49bc

2.31ab

3.83b

0.17bc

42.49b

2.1b

472a

159.14a

647.4b

R-N0P0

4.92b

1.33c

2.02b

3.15b

0.16c

30.23b

2.03b

404b

153.96a

549c

SE+

0.14

0.09

0.10

0.17

0.02

7.34

0.67

11.64

1.92

20.40

LSD

0.77

0.41

0.67

1.03

0.09

22.49

2.49

47.04

26.58

67.33

Significant at 5% level of significance, means followed by the same letter are not significantly different by (P≤0.05).
4. DISCUSSION
4.1 Effects of inoculation and inorganic P on soil chemical properties
Soils with low pH (pH < 5) are usually of high concentration of H + and Al3+
ions in the solution, which affect negatively the availability of other
nutrients (basic) for the crops. It was noted that application of P combined
with Rhizobium inoculation increased soil pH but reduced exchangeable
acidity. Marginal increase in soil pH was observed in some treatments
involving conjoint use of Rhizobium and chemical fertilizers might be due
to moderating effect of Rhizobium as it decreased the activity of
exchangeable Al3+ ions in soil solution due to chelation effect of organic
molecules [18].

The favorable soil conditions might have helped in greater multiplication
of microbes which could convert organically bound nitrogen to inorganic
form leading to build up of higher available nitrogen [19]. However, under
acid soils the band placement is recommended due to P fixation and to
increase its availability as well as use efficiency. On the other hand,
Rhizobium and P effects require time to release soil-fixed P and for
mineralization to take place [20]. Rhizobium application might have
resulted in a significant increase in its content which might be ascribed to
the additional of magnesium in soil as it contains of magnesium. These
observations are in accordance with those of the earlier reports [21, 22].
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5. CONCLUSION
It may be concluded from the above study that rhizobium inoculated
groundnut responses to all the treatments which obtained rhizobium
inoculated, and the highest yield was obtained when P and N fertilizer
were added in combination with the inoculant. Soil properties can be
increased with the use of P and N fertilizers along with rhizobium
inoculants.
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