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Effect of soil compaction on nodulation of common bean (Phaseolus vulgaris L.)

G. Milev*, P. Yankov

Dobrudzha Agricultural Institute, 9520 General Toshevo, Bulgaria 

Abstract. A field experiment was carried out in the trial field of Dobrudzha Agricultural Institute – General Toshevo for a period of three successive years with the 
aim to study the degree of compaction of soil on nodulation of common bean (Phaseolus vulgaris L.). The common bean cultivar Dobrudzhansky 2, which is 
well adapted to the local environment, was used for this investigation. The soil in the trial field was slightly leached chernozem with very good distribution of 
natural strains of bean nodule bacteria Rhizobium leguminosarum biovar. phaseoli. The degrees of soil compaction were achieved through an increasing 
number of tilths with heavy rollers for the respective variants of the trial. The effect of the different bulk density of soil was traced on the nodulation indices: 
number and dry weight of nodules per plant. The correlations between soil moisture, bulk density, nodulation parameters and seed yield were analyzed. As a 
result from these analyses it was found that the higher bulk density had stronger effect on the index dry weight of nodules, while the effect of this variable on the 
number of nodules per plant was lower. These effects were equally well expressed under conditions of higher soil moisture and very dry soil. The increased bulk 
density of soil significantly reduced yield under drought while under favorable soil moisture this harmful effect was much lower and statistically insignificant. 

Keywords:  bean, bulk density of soil, nodulation
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Introduction Material and methods

The symbiotic nitrogen fixation in legumes is a complex process The data used in this study are from a field trial with common 
which is affected by a number of abiotic and biotic factors. The bean cultivars for a period of three successive years. The trial was 
formation of an optimal symbiotic system between the macro – and carried out in the trial field of Dobrudzha Agricultural Institute – 
micro-symbiote is a main prerequisite for utilization of greater General Toshevo. Cultivar Dobrudzhansky 2, a variety well adapted 
amounts of atmospheric nitrogen. The main characteristics of the to this agro-ecological region, was used in the trial. 
efficient symbiotic apparatus are the number and size of nodules, Reading of nodulation was done at stage R  (budding) when as 5

the position of nodules on the roots (axial root and its branches), the a rule the peak of this process is observed in bean (Fernandes et al., 
longevity of functioning, etc. It has been established that most of the 1986). Whole soil blocks were cut at depth 0-20 cm, and the roots of 
nodules on the bean roots are formed at depth 5-12 cm, i.e. in the soil 10 plants in them from three replications were carefully cleaned. The 
layer with best aeration (CIAT, 1998). Among the abiotic factors, soil nodules from each plant were dried in a drying chamber to constant 
reaction, content of mineral nitrogen and organic matter, soil weight. The natural population of nodule bacteria on bean 
moisture, mechanical composition, hardiness and compaction of Rhizobium leguminosarum biovar. phaseoli was very well 
soil have strong effect on the formation of such an apparatus represented in the soil of the trial field. The number of nodule 
(Buttery et al., 1998; Katoch et al., 1983; Lindemann et al., 1982; bacteria per 1 g soil as determined by the method of the most 

4Pea-Cabriales et al., 1993; Voorhees et al., 1976). probable number (MPN) (Vincent, 1970) was 4.10 , averaged for 6 
Soil compaction causes changes in the structure of soil pores, years (Milev, 1996). The soil in the trial field was slightly leached 

increasing the soil's hardiness and decreasing its permeability. This chernozem (Haplic chernozem) with mean humus content 3.30%, 
occurs under the influence of external (soil tillage equipment, tillage pH  5.36, NO +NH -N, 15.44 mg/1000 g, P O  5.21 mg/100 g, K O KCl 3 4 2 5 2
tools, irrigation water) and internal (structure, granulometric 24.3 mg/100 g. The different degrees of soil compaction were 
composition, moisture) factors. The negative effect of compaction on achieved through different number of soil tilths with heavy rollers of 
plants is related to the higher soil resistance to roots, lower shoot “Cambridge” type on the surface of the respective variants. The 
mass and lower uptake of nutrients (Nenov, 2008; Nguen and variant without compaction was considered a check and was 
Daskalov, 1990). In very compact soils, transpiration is higher while designated A , while the variant with triple compaction was 0soil moisture reserves and efficiency of soil moisture utilization are 

designated as A . Compaction was done immediately after sowing of 3lower. As a result of soil compaction the total macro porosity 
bean. The bulk density of soil was determined at phenological phase decreases, the number of capillaries increases, soil crust is formed 3R  by Kachinsky's method using metal cylinders each of 100 cm  in 5and the soil horizon underlying the plow layer becomes more 
the 0-10 cm layer (Revut and Rhode, 1969).compact (Bennie and Krynauw, 1985; Dao, 1993).

The obtained data were statistically analyzed to determine The aim of this investigation was to find out how higher soil 
significant differences. The software SPSS 16.0 was used.compaction affects nodulation indices of field bean under conditions 

of slightly leached chernozem soils in Dobrudzha region.
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Table 5. Dry weight of nodules of bean cultivar 
Dobrudzhansky 2 at budding stage according to bulk 
density of soil, mg./plant.

Year
А0 А1 А2 А3

Degree of compaction, A

1st

2nd

3rd

Mean

Indices

Year (A)

Degree of compaction (B)

A Bx

2

3

6

84.522

23.113

4.451

.000

.000

.004

df F Sig

231

  36

200

155.6

164

  31

183

126.0

106

  22

157

95.0

62

11

89

54.0

Table 2. Soil moisture in the 5-10 сm layer according to the
degree of compaction at budding stage, %

Year
А0 А1 А2 А3

Degree of compaction, A

1st

2nd

3rd

Mean

21.5

15.0

22.6

19.7

22.2

16.0

23.2

20.4

22.8

16.4

23.9

21.0

23.2

16.8

24.5

21.5

Table 1. Amount of vegetation rainfalls by years, mm

Year/ Month 1st 2nd 3rd
Averaged for the
long-term period

April

May

June

Total

60.1

58.8

36.5

155.4

26.5

48.5

4.6

79.6

98.7

72.3

53.2

224.2

45.9

49.0

-
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Results and discussion

The amount of vegetation rainfalls during April – June is given in 
Table 1. Since in all three years of the investigation stage R  occurred 5

thuntil 15  June, only the rainfalls during the first and second decade of 
the month are presented in the Table. The analysis of the data from 
this Table shows that at the moment of compaction of soil (in all three 

nd thyeas this was during 2  – 5  May), most abundant rainfalls were 
registered in 1997, followed by 1995. The lowest rainfalls during this 
period were registered in 1996. At the moment of reading the 

th thnodulation indices in the period 10 - 15  June, the situation was the 
same: rainfalls were 53.2 mm in 1997, 35.5 mm in 1995 and only 4.0 
mm in 1996.The amount of rainfalls during this period in 1996 was 
extremely low and determined severe soil drought. Extreme high 
temperatures for this time of the year (May – June) were registered 

oduring May of 1996 – 34  C for 2 days. The amount of rainfalls during 
the growth season (May and June) during 1997 and 1995 can be 
considered abundant and bean practically developed under 
conditions of non-deficiency moisture regime.

decrease of the number of nodules was registered in variant A , i.e. 3

the variant with the highest degree of compaction during all three 
The soil moisture at budding stage in the 0-5 cm layer was 

years of the experiment. In this case the decrease of the number of 
proportional to the rainfalls during the respective year (Table 2). The 

nodules was about two times in comparison to the check variant A .0first and the third year were characterized by very good moisture 
The effect of the higher soil compaction on the dry weight of 

regime, while during the second year of the trial soil moisture was 
nodules per plant was even greater (Table 5). With this index the 

terminally low. The higher degree of soil compaction led to a slight 
negative effect of the higher soil compaction was three times 

increase of soil moisture in the investigated soil layer. This tendency 
stronger than with the check variant A . Under conditions of strongly 0was stable both in years with favorable and unfavorable moisture 
compacted soil not only lower number of nodules was formed but regime.
their size was smaller and the respective dry weight was lower. The 
analysis of variances revealed that the effect of the year and the 
degree of compaction on the number and dry weight of the nodules 
of bean cultivar Dobrudzhansky 2 at budding stage was statistically 
significant (Tables 4 and 5). The effect of the investigated factors on 
the studied indices was significant at P = 0.001. 

Bulk density of soil, regardless of the variant of compaction, was 
3the highest during the second year of the trial: 1.41 g/cm , i.e. the 

year with adverse moisture regime (Table 3). The lowest bulk density 
3of soil was registered during the third year: 1.28 g/cm , i.e. the year 

with the most favorable moisture regime. The higher degree of soil 
compaction led to proportional increase of bulk density. The highest 
gradient of bulk density increase as a result of the simulated 
compaction was registered in the year with the driest moisture 

3 3regime – from 1.28 g/cm  to 1.41 g/cm .
It was found out that higher bulk density of soil deteriorated 

nodulation indices of bean. Table 4 shows the results for the amount 
of nodules on the roots of a single plant over years. The highest 

Table 4. Number of nodules in bean cultivar 
Dobrudzhansky 2 at budding stage according to compaction 
of soil, number/plant. 

Year
А0 А1 А2 А3

Degree of compaction, A

1st

2nd

3rd

Mean

Indices

Year (A)

Degree of compaction (B)

A Bx

2

3

6

391.531

86.546

7.365

.000

.000

.000

df F Sig

110

  35

136

  93.6

  93

  41

115

  83.0

76

30

90

65.3

52

14

74

46.3

Table 3. Bulk density of soil in the 0-10 сm layer according
to the degree of compaction at budding stage, g/cm3

Year
А0 А1 А2 А3 Mean

Degree of compaction, A

1st

2nd

3rd

Mean

1.21

1.28

1.16

1.21

1.28

1.36

1.23

1.29

1.38

1.48

1.33

1.39

1.44

1.55

1.40

1.46

1.32

1.41

1.28



Conclusion

The higher bulk density of soil has negative effect on nodulation 
indices. This effect is the highest on the index dry weight of nodules, 
and lower on the number of nodules per plant. The above effects 
were equally well expressed both under conditions of more humid 
soil and under conditions of very dry soil. The higher soil compaction 
significantly reduced yield under dry conditions while under 
conditions of very favorable soil moisture this negative effect was The results from the correlation analysis (Table 6) revealed the 
lower and insignificant.negative correlation between bulk density and soil moisture. It is 

known that with higher bulk density the relative percent of fine pores 
in soil strongly increases, roots cannot penetrate them and soil 

Referencesmoisture remains unavailable to plants. There was a negative 
correlation of bulk density with the number and dry weight of 

Bennie A and Krynauw G, 1985. Causes, adverse effects and nodules. With the higher compaction, the interchange of gasses 
control of soil compaction. South Africa Journal of Plant and Soil, 3, deteriorates, respiration and elongation of roots is impeded, the 
109-114.activity of aerobic soil micro organisms is suppressed, as well as of 
Buttery BR, Tan CS, Drury CF, Parc SJ, Armstrong RJ and Parc all oxidation processes in soil. As a result, the efficient utilization of 
KY, 1998. The effects of soil compaction, soil moisture and soil type nutrients decreases and root growth becomes difficult. The 
on growth and nodulation of soybean and common bean. Canadian correlation of the number of nodules and their dry weight with soil 
Journal of Plant Science, 78, 4, 571-576.moisture was positive and with high values. The higher soil moisture 
CIAT, 1998. Legume Rhizobium Symbiosis: Methods Manual for was a prerequisite for the development of more powerful roots and of 
Evaluation, Selection and Agronomic Management, pp. 150greater micro biological activity, especially of nodule bacteria which 
Dao T, 1993. Field scale spatial patterns of soil compaction in form symbiotic relation with the bean plant. The positive correlation 
conventional and conservation tillage. American Society of of the number of nodules with their dry weight had the highest value. 
Agronomy. Annual Meeting 1993 – Cincinnati, 313.The correlation coefficients of the above indices were statistically 
Fernandes F, Gepts P and Lopez M, 1986. Stages of development significant.
of the common bean plant. CIAT, Colombia.
Katoch KK, Aggarwal GC and Garg FC, 1983. Effect of Nitrogen, 
Soil Compaction and Moisture Stress on Nodulation and Yield of 
Soybean. Journal of the Indian Society of Soil Science, 31, 2, 215-
219.
Lindemann WC, Ham GE and Randall GW, 1982. Soil Compaction 
Effects on Soybean Nodulation, N2(C2H4) Fixation and Seed Yield. 
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stress on N2 fixation and grain yield of Ph. vulgaris L. Plant and Soil, 
152, 1,151-155.
Milev G, 1996.. Investigation on the response of common bean to 
inoculation with Rh. leguminosarum biovar. Phaseoli and mineral Seed yield according to the degree of soil compaction was 
fertilization under conditions of slightly leached chernozems soil, relatively less affected (Table 7). There are at least two reasons for 
Thesis for PhD (Bg).this result. The first is that at lower number of nodules on the roots 
Nenov М, 2008. Evaluation of hydro physical, thermal and electrical the bean plant turns to predominant nutrition with soil nitrogen. This 
properties of soil under agrotechnical and hydro ameliorative is easily done due to the fact that the nitrogen regime of the slightly 
effects, Thesis for PhD (Bg).leached chernozem soil is completely adequate to the needs of 
Nguen An Tuan and Daskalov D, 1990. Investigation on the bean. The second reason is that during the first and the third year of 
correlation between hardiness, density and absolute soil moisture. the experiment the moisture regime of soil was very favorable, 
Agricultural technology, XXVII, 1, 42-47 ( Bg).which, on its part, led to mobilization of the soil nutrients. Under 
Revut I and Rhode А, 1969. Methodological manual on study of soil these conditions the negative effect from the higher soil compaction 
structure (Ru).and the less developed symbiotic apparatus of the plants was 
Voorhees WB, Carlson VA and Senst CG, 1976. Soybean compensated for. The data from Table 7 show that the highest 
Nodulation as Affected by Wheel Traffic. Agronomy Journal,  68,  6, decrease of yield as a result of soil compaction occurred during the 
976-97.second year: 28 % less, and the lowest yield decrease was in the first 

year: 11.5 % less. Evidently the combination of low soil moisture and 
high compaction had the highest negative effect on seed yield.

Table 6. Correlations of the investigated indices

Indices Bulk density No of nodules
Dry weight
of nodules

Soil moisture

Bulk density

No of nodules

–.333* . 724**

–.802**

. 635**

–.770**

. 913**
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Table 7. Seed yield from bean cultivar Dobrudzhansky 2, 
kg/ha

Year

А0 А1 А2 А3

Decrease in
А  / А , %3 0

Degree of compaction, A

1st

2nd

3rd

Mean

1.21

1.28

1.16

1.21

1.28

1.36

1.23

1.29

1.38

1.48

1.33

1.39

1.44

1.55

1.40

1.46

11.5

28.0

18.0
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