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Cultivation o f the cover crops Pueraria phaseoloides and Mucuna bracteata was found to improve the soil physical 
properties in immature rubber {Hevea brasiliensis) plantations when compared to adjacent bare land. The bulk 
density of the soil was lower and porosity higher in the cover crop established field from the second year. The soil 
moisture retention was improved. The establishment of cover crops improved the soil nutrient availability and 
cation exchange capacity.
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Establishment o f a leguminous cover 
crop in the immature phase of rubber {Hevea 
brasilien sis)  p lan tation  is an accepted 
agromanagement practice. Leguminous 
cover crops fix atmospheric nitrogen, enrich 
soil ŵ ith organic matter, improve soil fertil­
ity, reduce soil erosion and suppress weed 
growth. Cover crops also help in the im­
provement o f soil structure and other physi­
cal properties (Soong and Yap, 1976) result­
ing in a more favourable soil environment 
for root growth and proliferation. Legume 
covers help in enhancing the growth o f rub­
ber during the immature phase and reduce 
the im m aturity  period (W atson, 1 9 6 1 ; 
Watson et aL, 1964; Mathew et al., 1989; 
Punnoose et al., 1994).

P u erar ia  p h aseo lo id es  and M ucuna  
bracteata are the two common cover crops 
grown in the rubber plantations in India. 
The comparative efficiency o f these two crops

on improvement o f soil nutrient and mois­
ture status as well as microbial population 
after three years o f growth has been reported 
(Kothandaraman et al., 1989). However, the 
effect o f growing these cover crops on the 
soil physico-chemical properties has not been 
studied in detail. Hence a field study was 
conducted to evaluate the effect o f establish­
ment of P. phaseoloides and M. bracteata on 
physico-chemical properties o f rubber grow­
ing soils.

Immature (1-5 years) rubber planta­
tions with P. phaseoloides and M. bracteata as 
cover crops were identified in the Travancore 
Rubber and Tea Estate, Mundakayam, in 
Idukki District o f Kerala State. Eight micro 
plots each 1x1 m size were demarcated at 
random in the respective areas with either of 
the cover crops within each age group. Three 
soil samples (0-10 cm, 10-30 cm and 30- 
60 cm) were collected from each micro plot.
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The texture, bulk density, particle density, 
porosity and moisture retention o f the sur­
face soil samples were determined. The par­
ticle size distribution was determined by the 
international pipette method (Piper, 1950). 
The bulk and particle density were deter­
mined from core samples (Black, 1965). Total 
porosity was calculated using the formula:

St = 100 (1-Db/P) 
where St is the total porosity, P the 

particle density and D b the bulk density. 
Moisture retention at -  0.033 MPa was de­
termined using pressure plate apparatus. 
Organic carbon, available nutrients, pH and 
CEC were determined by the standard pro­
cedure Qackson, 1967).

The particle size distribution of soils 
is given in Table 1. The data indicated that 
all the M. bracteata  established fields were 
sandy clay loam in texture. The texture o f P. 
phaseoloides fields from 1 to 5 years were clay 
loam, sandy clay loam, sandy loam, clayey 
and sandy clay loam respectively. The tex­

ture o f bare lands varied from sandy clay 
loam to sandy loam.

The physical properties o f the soil at 
0-10 cm depth under the two legume cov­
ers and adjacent bare land in each situation 
are given in Table 2. Bulk density of soil in 
the cover crop established fields was signifi­
cantly lower than in the adjacent bare land 
in all the years except in the one year old 
field. Both P. phaseoloides and M. bracteata 
fields were comparable for the bulk density 
o f soil in all the years. The lower bulk den­
sity in the cover crop established fields indi­
cates lesser compaction o f soils in these fields 
than the bare land. This can be attributed 
to higher root density, which in turn leads 
to loosening o f  soil (Balamurugan et al., 
2000). No significant difference was ob­
served in the particle density and porosity 
o f soil in the one year old plantation. How­
ever, with higher age, lower particle density 
and higher porosity were evident. Similar 
results were reported by Soong et al. (1976).

Table 1. Particle size distribution of soil

Age (years) Treatment

Coarse
sand

Components

Fine Silt 
sand

Clay

Textural classification

One P. phaseoloides 32.10 8 . 2 0 16.50 36.75 clay loam
M. bracteata 54.20 6 . 0 0 5.00 27.50 sandy clay loam
Bare land 70.00 1.50 8 . 0 0 12.90 sandy loam

Two P. phaseoloides 57.00 3.50 3.00 27.50 sandy clay loam
M. bracteata 40.00 4.50 15.50 35.00 sandy clay loam
Bare land 65.00 5.00 2.50 22.50 sandy clay loam

Three P. phaseoloides 6 6 . 0 0 2.50 6.50 16.00 sandy loam
M. bracteata 47.40 3.50 12.80 29.17 sandy clay loam
Bare land 62.50 9.00 2.50 18.00 sandy loam

Four P. phaseoloides 39.00 5.20 4.00 47.50 clay
M. bracteata 61.50 8 . 0 0 3.00 21.60 sandy clay loam
Bare land 64.00 3.50 11.50 13.50 sandy loam

Five P. phaseoloides 51.00 6 . 0 0 17.00 25.50 sandy clay loam
M. bracteata 43.50 7.10 10.50 31.50 sandy clay loam
Bare land 50.00 8 . 2 0 16.00 '24 .30 sandy clay loam

.......  .... ... * .....



EFFEC T O F C O V ER  C R O P S O N  SO IL  PRO PER TIES 95

Table 2. Soil physical properties at 0-10 cm depth

Property Treatment Age (year)

1 2 3 4 5

Bulk density P. phaseoloides 1.15 1.25 1.27 0.89 1 . 0 1

(g/cc) M. bracteata 1.13 1.25 1 . 2 0 0.96 1.07
Bare land 1.29 1.50 1.47 1.14 1.29

SE 0.05 0.03 0 . 0 2 0.03 0.04
CD (P<0.05) NS 0.08 0.07 0.09 0 . 1 2

Particle density P. phaseoloides 2.23 2.25 2 . 2 1 2 . 1 0 2 . 1 2

(g/cc) M. bracteata 2.28 2.18 2.15 2.18 2 . 1 1

Bare land 2.26 2.30 2.24 2.15 2.23

SE 0 . 0 2 0.03 0 . 0 2 0 . 0 1 0.03
CD (P<0.05) NS 0.08 0.05 0.04 0.09

Porosity P. phaseoloides 49.00 45.00 42.38 57.50 52.62
(%) M. bracteata 50.38 41.75 44.38 56.38 49.62

Bare land 45.75 34.62 34.50 47.12 43.00

SE 2.24 1.41 1.39 1.55 1.37
CD (P<0.05) NS 4.16 4.10 4.57 4.03

Moisture retention P. phaseoloides 20.48 17.18 21.56 26.64 22.17
at -0.033 MPa (%) M. bracteata 19.60 2 2 . 2 1 21,19 24.94 25.43

Bare land 20.34 16.63 17.75 23.34 18.95

SE 0.82 0.48 0.57 0.85 0.87
CD (P<0.05) NS 1.42 1 . 6 8 2.50 2.57

Porosity of the two cover crop fields was com­
parable in all the five years. Loosening of 
soil by the increased root concentration in 
the cover crop established fields and higher 
biological activity due to higher organic 
matter addition may have contributed to the 
better soil physical properties of cover crop 
established fields (Harris et a i ,  1966; Brady, 
20 00 ).

Studies on water retention character­
istics showed that soils under cover crop re­
tained m ore m oisture at field  capacity 
(-0.033 MPa) than the bare lands. In one 
year old field no significant difference was 
noticed between the three treatments with 
regard to moisture retention. Later, an im­
provement in the moisture retention was 
noted in both the cover crop established 
fields. Between the two cover crop estab­

lished fields, moisture retention in the two 
and five year old M. bracteata fields were sig­
nificantly higher than the P. phaseoloides  
fields o f corresponding age, while it was com­
parable in the third and fourth year fields. 
The higher moisture retention in the fields 
under cover crops may be due to the high 
organic matter addition by cover crops and 
the difference between the P. phaseoloides and 
M. bracteata fields may be attributed to the 
difference in quantity o f  organic matter 
added to the soil by the two crops. 
Kothandaraman et al. (1989) recorded com­
paratively more biomass in M. bracteata fields 
than P. phaseoloides fields. As these cover 
crops were established in areas differing in 
soil texture, the contribution o f this factor 
in soil moisture retention could also be sig­
nificant.
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Chem ical properties o f the soil at bare lands. In the first, second and fifth year 
0-10 cm in the various fields are given in plantations significant difference in pH was 
Table 3. The data indicated that pH of the noticed between the soils under the two 
soil in areas where P. phaseoloides was estab- cover crops. Tang and Yu (1999) observed 
lished were higher and those w ith that addition of plant residues to soil infiu- 
M. bracteata lower than that o f the adjacent ences the soil pH depending on the concen- 

Table 3. Soil chemical properties at 0 - 1 0  cm depth

Property Treatment Age (year)

1 2 3 4 5

pH P. phaseoloides 4.93 4.94 4.35 4.72 4.65
M. bracteata 4.59 4.39 4.19 4.65 4.40
Bare land 4.66 4.64 4.10 4.60 4.50

SE 0.07 0.09 0.08 0.09 0.06
CD (P<0.05) 0 . 2 0 0.26 NS NS 0.19

OC (%) P. phaseoloides 1.41 1.65 1.89 2.19 2.36
M. bracteata 1.90 2.38 2.32 1.82 2.52
Bare land 1.72 1.46 1.52 1.76 1.55

SE 0 . 1 1 0 . 1 0 0 . 1 0 0 . 1 1 0.15
CD (P<0.05) 0.32 0.29 0.28 0.33 0.45

CEC (c moles/kg) P. phaseoloides 6.54 6.92 7.75 8.64 8.90
M. bracteata 7.75 11.05 8.35 7.78 9.16
Bare land 6.16 6.52 5.10 6.19 6.19

SE 0.61 0.60 0.55 0.43 0.60
CD (P<0.05) NS 1.77 1.63 1.27 1.78

Available P (mg/lOOg) P. phaseoloides 1.15 2.62 1.25 2.94 1.06
M. bracteata 0.62 0.65 1.27 2 . 2 0 2.49
Bare land 0.95 1 . 0 1 0.94 1.14 1.23

SE 0.23 0.55 0.34 0.42 0.41
CD (P<0.05) NS 1.63 NS 1.23 1.09

Available K (mg/lOOg) P. phaseoloides 7.46 11.40 8 . 6 6 14.52 9.89
M. bracteata 6.64 8.57 9.02 12.91 10.78
Bare land 5.61 5.86 6.03 10.97 8.81

SE 0 . 8 8 0.78 0.61 1.61 0.64
CD (P<0.05) NS 2.30 1.81 NS NS

Available Ca (mg/lOOg) P. phaseoloides 30.57 20.81 16.97 22.96 27.69
M. bracteata 9.40 11.50 19.76 18.77 30.12
Bare land 10.98 14.38 15.76 10.72 13.61

SE 2.27 2 . 2 1 2.35 3.60 4.14
CD (P<0.05) 6 . 6 8 6.50 NS NS J 2 .1 8

Available Mg (mg/lOOg) P. phaseoloides 5.45 4.64 4.25 6.43 5.03
M. bracteata 3.26 4.42 4.87 4.20 5.44
Bare land 2 . 8 6 3.07 3.21 7.31 3.65

SE 0.61 0.61 0.43 0.98 0.58
CD (P<0.05) 1.79 NS 1.27 NS NS
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tration o f the excess cations/organic anions 
and nitrogen present in the residues. Am- 
monification o f nitrogen in plant residue, ad­
dition o f basic cations and decarboxylation 
o f organic anions also lead to an increase in 
soil pH (Hoyt and Turner, 1975; Bessho 
and Bell, 1992; Barekzai and Mengal, 1993). 
Porter et al. (1 9 8 0 ), Helyar (19 7 6 ) and 
Bolan et al. (1991) reported that release of 
H* ions associated with organic anions and 
nitrification o f mineralised nitrogen with a 
loss o f nitrate by leaching result in the de­
crease o f soil pH. The relatively higher soil 
pH of the P. phaseoloides fields may be due 
to the higher K, Ca and M g content and 
faster decomposition o f P. phaseoloides litter.

In general, organic carbon status o f the 
cover crop established fields was higher than 
that o f the bare land. M. hracteata fields of 
two years and more age registered a signifi­
cantly higher organic carbon status than the 
bare land. The same trend was observed in 
the P. phaseoloides fields also from the third 
year onwards. In the second and third year 
plantations, organic carbon (O C ) o f  the M. hracteata fields was significantly higher 
than that o f the P. phaseoloides fields. The 
higher dry matter production o f M. hracteata 
compared to P. phaseoloides may lead to 
higher O C  status o f the M. hracteata fields.

The data indicated that establishment 
of cover crops improves the cation exchange 
capacity o f the soil. From third year fields 
onwards, the C EC  o f soil in the fields under 
both cover crops were significantly higher 
than the adjacent bare land. Between the 
two cover crop established fields, there was 
no significant difference in the CEC. The 
higher C E C  o f the soils in cover cropped 
fields may be due to their high organic mat­
ter content.

In general, available nutrients were 
higher in the cover cropped fields than the 
bare land. Between the two cover cropped 
fields no significant differences were observed. 
The available K  content o f the two year old 
field with P. phaseoloides was significantly 
higher than that with M. hracteata while the 
third year fields were comparable in K  sta­
tus. The first and second year P. phaseoloides 
fields registered a significantly higher avail­
able Ca than the M. hracteata fields and in 
the later year fields no such difference was 
noticed. The available M g o f the one year 
old P. phaseoloides established field was sig­
n ifican tly  higher than t&at o f  the M. hracteata field and in the later years no such 
difference was noticed. The higher availabil­
ity o f nutrients in the cover cropped fields 
may be attributed to the high organic mat­
ter content in these fields. Organic acids 
produced during the decomposition o f or­
ganic matter solubilizes bound nutrients and 
enhances the nutrient availability. Higher 
microbial population in the legume root 
rhizosphere also leads to increase in nutri­
ent availability. The higher pH o f soil and 
more K, Ca and M g content o f P. phaseoloides 
litter and its faster decomposition than that 
o f the M. hracteata may lead to higher avail­
ability o f nutrients under the former.

Soil chemical properties at 10-30 cm 
depth are given in Table 4. The pH o f the 
two and three year old P. phaseoloides fields 
was sign ifican tly  higher than that o f  M. hracteata fields. In the older plantations 
there was no significant difference ^etween 
the soils in pH. Organic carbon content o f 
the M. hracteata cover cropped field was sig­
nificantly higher than that o f P. phaseoloides 
in the initial three years and in the older 
fields there was no significant difference. In

"M m
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Table 4. Soil chemical properties at 10-30 cm depth

Property Treatment Age (year)
1 2 3 4 5

pH P. phaseoloides 4.74 4.77 4.32 4.57 4.60
M. bracteata 4.61 4.28 4.05 4.44 4.43
Bare land 4.67 4.61 4.01 4.54 4.50

SE 0.05 0.09 0.08 0.08 0.07
CD (P<0.05) NS 0.28 0.24 NS NS

OC (%) P. phaseoloides 1 . 1 0 1 . 1 1 1.30 1.85 2.05
M. bracteata 1 . 6 8 1.82 1.70 1.61 1.96
Bare land 1.40 1 . 2 2 1.41 1.61 1.39

SE 0.08 0.07 0 . 1 0 0 . 1 0 0.13
CD (P<0.05) 0.24 0 . 2 1 0.29 NS 0.39

Avaialble P (mg/lOOg) P. phaseoloides 0 . 8 8 0.46 0.46 1.84 0.61
M. bracteata 0.33 0.38 0.57 1.42 1.15

- Bare land 0 . 6 6 0.59 0.45 1 . 2 1 1 . 1 0

SE 0 . 2 1 0.13 0.19 0.35 0.24
CD (P<0.05) NS NS NS NS NS

Avaialble K (mg/lOOg) P. phaseoloides 6.33 6.92 6.65 13.38 8.40
M. bracteata 4.81 5.84 8 . 0 2 12.98 9.56
Bare land 5.74 4.88 5.27 8 . 0 1 7.97

SE 0.62 0.58 0.47 1.51 0.82
CD (P<0.05) NS NS 1.37 4.45 NS

Avaialble Ca (mg/lOOg) P. phaseoloides 18.04 8.71 8.73 8.89 12.67
M. bracteata 2.87 3.63 9.56 9.56 15.93
Bare land 8 . 1 0 8.77 11.58 7.69 8.15

SE 1.95 1.79 1.55 1.78 3.30
CD (P<0.05) 5.75 NS NS NS NS

Avaialble Mg (mg/lOOg) P. phaseoloides 2.85 2.06 1.94 3.07 2.76
M. bracteata 1.28 1.75 2.48 2.53 3.48
Bare land 2.29 1.90 2.40 5.57 2.16

SE 0.43 0.43 0.25 0.90 0.59
CD (P<0.05) NS NS NS NS NS

all the five years there was no significant dif­
ference in available phosphorus and magne­
sium content o f the three fields. The avail­
able K content in the cover cropped fields 
was higher than that in the bare land in the 
three and four year old fields though there 
was no significant difference in the other age 
groups. There was no significant difference 
in available calcium o f the three treatments 
in all the five years o f growth except in the

first year.
Table 5 shows the soil chemical prop­

erties at 30-60 cm depth and it indicates a 
similar trend as that in the 10-30 cm depth. 
pH of the 7? phaseoloides cover croppe^ fields 
was higher than that o f M. bracteata fields. 
Organic carbon content o f the one and two 
year old M. bracteata fields was significantly 
higher than that of the P. phaseoloides fields 
though in the following years there was no
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Table 5. Soil chemical properties at 30-60 cm depth

Property Tri2 atment Age (year)
1 2 3 4 5

pH P. phaseoloides 4.62 4.55 4.22 4.59 4.64
M. bracteata 4.65 4.27 4.00 4.65 4.62
Bare land 4.70 4.49 3.98 4.54 4.46

SE 0.05 0.06 0 .07 0.05 0.07
CD (P<0.05) NS 0.18 0.19 NS NS

OC (%) P. phaseoloides 0.91 0.79 0.95 1.57 1.55
M. bracteata 1.48 1.32 0.98 1.53 1 . 6 6

Bare land 1.18 1.04 1.15 1.48 1.37

SE 0.08 0.08 0.07 0.09 0.14
CD (P<0.05) 0.24 0.23 NS NS NS

Available P (mg/lOOg) P. phaseoloides 0.38 0 . 1 2 0.29 1.18 0.48
M. bracteata 0.29 0.26 0.24 0.91 0.92
Bare land 0.49 0.44 0.23 1.08 0 . 8 8

SE 0 . 1 1 0.07 0.05 0.25 0.15
CD (P<0.05) NS 0 . 2 2 NS NS NS

Available K (mg/lOOg) P. phaseoloides 5.79 5.48 6 . 0 0 11.98 6.61
M. bracteata 3.91 4.42 6 . 0 1 1 1 . 2 2 8.81
Bare land 4.60 4.86 5.53 10.71 6.98

SE 0.55 0.59 0.52 1.43 0.94
CD (P<0.05) NS NS NS NS NS

Available Ca (mg/lOOg) P. phaseoloides 10.44 8.28 8.44 7.70 13.02
M. bracteata 2 . 0 1 3.96 6.82 10.24 17.46
Bare land 5.83 1 0 . 2 12.43 8 . 1 2 7.55

SE 1.52 1.46 1.75 1.85 2.72
CD (P<0.05) 4.48 4.30 NS NS NS

Available Mg (mg/lOOg) P. phaseoloides 1.98 1.52 1.94 2.61 2.67
M. bracteata 1.49 1.47 2.26 2.37 3.41
Bare land 1.82 2.09 2.25 5.09 2 . 1 2

SE 0.28 0.23 0.26 0.82 0.53
CD (P<0.05) NS NS NS NS NS

significant difference. In fields o f all the five 
years age the three treatments showed no 
significant difference in their available P, K 
and Mg at 30-60 cm depth. In the initial 
two years, available Ca o f the areas cover 
cropped with P. phaseoloides was significantly 
higher than that with M. bracteata. How­
ever, in the older fields no significant differ­
ence was noticed. The results in the Tables
4 and 5 indicate that in deeper soil there

was not much difference between areas with 
the two cover crops in their organic carbon 
and available nutrient contents.

T h e present study indicates that 
growing o f leguminous cover crop^ in the 
immature phase o f  rubber improves soil 
physical properties and availability o f nutri­
ents. Both P. phaseoloides and M. bracteata 
are comparable in improving the soil physi­
cal properties. The M. bracteata fields regis­
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tered a higher organic carbon status than the 
7? phaseoloides fields.
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