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Integrated nutrient management through bio-fertilizers, green manure and chemical fertilizers can sustain 
soil quality and improve plant growth. An experiment was conducted to study the effect of integrated 
nutrient management through a bio-fertilizer consortium consisting of Azotobacter sp., Phosphobacteria 
{Bacillus sp.). Pseudomonas sp. and K-mobilising bacteria (Fracturia sp.) along with green manure, Gliricidia 
and chemical fertilizers (NPKMg) on soil quality and growth of natural rubber (Hevea brasiliensis) during 
the immature phase. The experiment was initiated in a farmer's field at Yenthayar, in Kottayam district, 
Kerala in 2007 and continued for five years till, 2011. The results showed that the organic carbon, total N 
and available forms of K, Ca and Mg in soil were significantly higher in the treatment with chemical (50 % 
of the recommended dose of NPKMg) and bio fertilizers, green manure under natural cover compared to 
the control treatment ytz.,100 per cent recommended dose of NPKMg in Mucuna ground cover. It was also 
observed that in the same integrated treatment, the soil quality indices viz., soil respiration rate and 
permanganate oxidizable soil organic carbon were also significantly high compared to the control indicating 
the beneficial effects of integrated nutrient management through chemical fertilizers, bio-fertilizers and 
green manure (Gliricidia). The input of chemical fertilizers can be reduced to half upon integration with 
bio-fertilizers and green manure for immature rubber. No significant difference in growth of rubber plants 
could be observed among the different treatments.
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INTROD UCTIO N p it initially, m ost of the farm ers apply only
N u tr ie n t m a n a g e m e n t th r o u g h  chem ical fertilizers for nutrient m anagem ent

inorganic chem ical fertilizers is a com m on ^
practice in alm ost all the agricultural crops, plantm g
SO also in the case of natural rubber {H evea  c y c le  c o u ld  n o t b e  s u s ta in e d  in  th e
ijrasi/iensis). Except for the addition of about s u b s e q u e n t p la n tin g  c y c le s , in s te a d  a
1 2  kg of farm  yard m anure in the planting declining trend is observed as the planting
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cy cle  p ro ceed s. C on tin u ou s cu ltiv atio n  of 
r u b b e r  r e s u l te d  in  a d e c l in e  o f  s o il  
o r g a n ic  c a r b o n  c o n t e n t  a n d  s o il  p H  
(K arthikakuttyam m a et a l ,  1995; A braham  
et a l ,  2001; U laganathan et a l ,  2010). There 
are also  grow ing environm ental concerns 
over the loss of applied chem ical fertilizers 
to the environm ent from  agricultural fields. 
In  v iew  o f  a ll th e se , it  h as b eco m e an  
im portant strategy in nutrient m anagem ent 
to  in c r e a s e  th e  e f f ic ie n c y  o f  a p p lie d  
inorganic fertilizers in rubber fields.

T h ere  are m any rep o rts  in  d ifferent 
c r o p s  th a t  c h e m ic a l fe r t i l iz e r s  w h en  
com bined w ith  organic m anures are m ore 
b e n e f ic ia l  to  th e  c ro p s  an d  to  th e  
environm ent {Philip et a l ,  2012). D ue to the 
increased efficiency o f chem ical fertilizers 
w hen integrated w ith organic m anures, less 
q u a n tity  o f  fe r tiliz e r  is  re q u ired  w h ich  
checks the pollution as w ell. H owever, the 
s c a r c ity  in  th e  a v a i la b i l i ty  o f  o rg a n ic  
m a n u re s  an d  th e ir  in c re a s in g  c o s t are 
p ro b lem s and  to  a ce rta in  e x te n t g reen  
m anure is a solution, especially  if it could 
be generated in situ. There are studies w hich 
show ed that green m anures are useful in 
im p ro v in g  th e  e f f ic ie n c y  o f in o rg a n ic  
fertilizers (Becker et a l ,  1990; O glesby and 
Fow nes, 1992). Tree pruning, derived from 
legum inous trees such as G liricidia sepium  is 
a good source of N (Szott and Kass, 1993) 
an d  im p ro v e s  o rg a n ic  m a tte r , 
m ic r o b io lo g ic a l a c t iv ity  an d  p h y s ic a l 
properties of the soil (Kang et a l ,  1986; Singh 
et a l ,  1991). The utilization of green m anures 
as alternatives to reduce the use of m ineral 
f e r t i l iz e r s  is  c o n s id e re d  as a g o o d  
agricultural practice (Tejada et a l ,  2008). In 
a detailed review  of G. sepium  as a green 
m anure, Srinivasarao et a l ,  (2011), reported 
im p rovem en t in  soil b io log ical health  in 
te rm s o f p o p u la tio n  o f fu n g i, b a c te r ia , 
a c tio n o m y c e te s , to ta l m ic ro b ia l co u n t, 
m icrobial biom ass carbon and nitrogen.

B io - fe r t i l iz e r s  in c lu d e  b e n e f ic ia l  
m icroorgan ism s w h ich  increase n u trien t 
availability in soil. B io-fertilizers had been 
p ro v e n  to  b e  b e n e fic ia l fo r  c e re a l and  
vegetable crops (M ehrotra and Lehri, 1971; 
D ew an and Rao, 1979; V enkatesw arlu and 
R ao ,1983 ; H ad as and O kon, 1987; B ecker 
et a l ,  1990)and for the grow th o f nutm eg 
seedlings (N air and C handra, 2011), black 
p ep p er (Bop aiah  and K hader, 1989) and 
rubber seedlings (Syam ala et a l ,  2012).

T h e  p r e s e n t  s tu d y  is  a im e d  at 
u n d e rs ta n d in g  th e  e f fe c t  o f  in te g ra te d  
nutrient m anagem ent com prising, chem ical 
fertilizers, bio-fertilizers and green m anure 
on soil quality and grow th of natural rubber.

M ATERIALS AND M ETHODS

T h e  s tu d y  w as c o n d u c te d  at 
P o tta m k u la m  E s ta te , Y e n th a y a r  n e a r  
M undakayam  in Kottayam  d istrict (N 9" 37', 
E 76" 5 4 ')  during the period 2007  -2011. A 
field experim ent was laid out in random ized 
b lock  d esign  w ith  sev en  treatm en ts and 
three rep lication s. Polybag  p lan ts of the 
clone RRII 414 w ere planted in the field in 
June, 2007 w ith a spacing of 6.7 m x 3.4 m. 
G ross and net p lants per plot w ere 24 and 6  

plants, respectively. The treatm ents w ere T,) 
n a tu ra l g ro u n d  co v er (N C , T^) M u cu n a  
ground cover (MC, T )̂ natural ground cover 
+ bio-fertilizer (NC+BF, T )̂ M ucuna  ground 
cover + b io-fertilizer (MC+BF, T .) natural 
ground cover + bio-fertilizer + Glricidia green 
m an u re (N C+BF+G , T J  M u cu n a  g round  
cover + bio-fertilizer -^-Glricidia green m anure 
(MC+BF+G and T )̂ Control - M ucuna ground 
cover + 100%  stand ard  dose o f N PK M g.
T reatm en ts T, to  T  ̂receiv ed  50%  of the
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standard dose o f N PKM g. G liricidia stum ps 
w ere planted at the low er slope side of the 
ru b b e r p la n ts  a t 60  cm  s p a c in g  in  th e 
treatm ents, T_ and T .̂5 6



C hem ical fertilizer m ixture (N PKM g) 
w as added in tw o equal splits during May/ 
June and September/October every year. The 
recom m ended rate o f N PK M g for rubber is, 
10:10:4:1.5 N PKM g m ixture @ 450 ,900 ,1100 , 
900 g plant‘d during year 1 to 4, respectively 
and 10:10:10 N PK  m ixture @ 300 g plant ' 
during the 5"̂  year. The sources of N, P, K, 
M g w ere urea, rock phosphate, m uriate of 
p o ta sh  an d  m a g n e s iu m  s u lp h a te . T he 
fertilizers w ere applied to the p lant basin 
w ith gentle forking to m ix w ith the soil and 
m u lched  w ith  p ru n in g  o f n atu ra l cover, 
M ucuna  or G liricidia as per the treatm ent. In 
the initial tw o years the m ulching m aterials 
w ere  n e g lig ib le  in  q u a n tity  and  in  th e 
su bsequ ent years the w eight o f m aterials 
used for m ulching w as recorded and their 
nutrient contents w ere determ ined.

T h e  m ic r o b ia l in o c u la n ts  v iz .,  
A zotobacter  sp., phosphobacteria  {Bacillus 
spp.) and Pseudom onas sp p .  w ere selected 
fro m  ru b b e r p la n ta tio n s  in  K e ra la  and  
F ra c tu r ia  sp . fro m  R e g io n a l C e n tre  for 
O rganic Farm ing, Banglore and m ultiplied 
for field application at RRII. Each culture 
containing a population of 1 0 ® cfu m L ' was 
prepared and used for the study. Required 
volum es of the four cultures were m ixed and 
diluted using cow -dung slurry and applied 
to the plants. B io-fertilizer consortium  w as 
a p p lie d  a b o u t o n e  m o n th  a f te r  th e 
application o f chem ical fertilizer. D uring the 
first year, 10 m L of each culture solution was 
m ixed and applied per plant. In subsequent 
years bio-fertilizer solutions w ere applied 
tw ice  p er an n u m  an d  th e d o se  o f each  
culture solution per application w ere 15 mL 
during second year, 20 m L during third year 
and 25 m L d uring fourth and fifth  years per 
plant.

T hree soil sam ples w ere collected from  
each p lot and com posited and subjected to 
chem ical analyses. The sam ple collection

w a s c a r r ie d  o u t o n e  m o n th  a f te r  th e  
ap p lication  o f b io -fertilizer on  an annual 
basis. O rganic carbon, available form s of P, 
K, Ca and M g and pH w ere determ ined. 
Perm anganate oxidizable soil carbon (POSC) 
and  to ta l N  w ere a lso  an a ly zed  for the 
sam ples co llected  d u ring  2011. F ield  soil 
resp ira tio n  (in  situ )  m easu rem en ts w ere 
ta k e n  in  2 0 1 1  u s in g  a n  a u to m a te d  so il 
re sp ira tio n  an a ly z er (L ico r U SA , m od el 
8100). M easurem ents w ere taken from  the 
p latform  reg ion  at th ree sites n ear three 
alternate observation trees in  each p lot by 
open cham ber technique. Total carbon (TC) 
and  to ta l n itro g en  (TN ) w ere estim ated  
follow ing dry com bustion m ethod using an 
a u to m a te d  e le m e n ta l a n a ly z e r  (L e co  
Truspec C N ) as described by N elson  and 
Som m ers (1996). The total carbon content 
estim ated is organic carbon (OC) as the soils 
w ere  a c id ic  and  n o  in o rg a n ic  fo rm s o f 
c a r b o n  p r e s e n t  in  an y  o f th e  s o ils  
investigated. O ther nutrients w ere estim ated 
fo llo w in g  s ta n d a rd  m e th o d o lo g ie s  as 
described in Jackson (1958). The available 
phosphorus (Av.P) w as extracted using Bray 
II solution and estim ated colorim etrically by 
m o ly b d e n u m  b lu e  m e th o d .A v a ila b le  
p o ta ss iu m  (A v.K ) w as e x tra c te d  u s in g  
M organ's extractant and estim ated by  flam e 
p h o to m e te r  m eth o d . A v a ila b le  ca lciu m  
(Av.Ca) and available m agnesium  (Av.Mg) 
w ere estim ated  u sin g  atom ic ab sorp tion  
spectrom eter after extracting  by IN  neutral 
am m on iu m  ace ta te  so lu tio n . P O SC  w as 
determ ined as per the m ethod described by 
W eil et al. (2003) and Reddy (2010). A ir dried 
soil sam ple (3 g) w as m ixed w ith 30 m L of 
20 m M  KMnO^ solution and shaken for 15 
m inutes. A fter centrifuging the m ixture, 2 
m L o f th e a liq u ot d ilu ted  to  50 m L and 
colour intensity  w as m easured at 560 nm. 
A m o u n t o f KM nO ^ r e a c te d  an d  its  
equivalent soil C  w as determ ined using a 
standard graph. G irth of the rubber plants



in  each  p lot w as m easured  a t a height of 
150 cm  from  the bud union.

The data generated on  soil param eters 
and girth of plants were subjected to analysis 
o f variance to find ou t the d ifferences if any 
am ong the treatm ents using SPSS package.

RESULTS AND DISCUSSION
T he resu lts o f soil chem ical analysis 

before starting the experim ent are given in 
T a b le  1. T h e  s o il o rg a n ic  c a r b o n  and  
available nutrient status w ere high in the 
experim ental area. The soils o f all the plots 
w ere highly acidic.

Table 1. Pre-treatment soil nutrient status of the 
experiment site

Soil property Status

OC (%) 2.1

Av.P (mg 100 g ’) 7.1

Av.K (mg 100 g ) 34.0

Av.Ca (mg 100 g ') 13.0
Av.Mg (mg 100 g ’) 6.2
pH 4.15

T h e  tr e a tm e n ts  d id  n o t r e s u lt  in  
significant d ifference in soil nutrient status 
and  pH  in  th e so il sa m p les  d u rin g  the

second and third year o f the experim ent viz. 
in 2008 and 2009. D u ring  the in itia l two 
years the am ount of m ulches incorporated 
w as negligible. D uring these years, addition 
o f h alf the recom m ended rate of nutrients 
along w ith ground covers viz., natural weeds 
or legum inous M ucuna cover (T  ̂ and T^) or 
their combination with bio-fertilizers (T3  and T J  
or green m anures (T  ̂and T J  did not change 
the soil properties significantly.

The average w eight of the incorporated 
m u lch  m ateria ls in  each  treatm en t w ere 
reco rd ed  and  are  g iv en  in Table 2. T h e 
quantity of m ulch m aterials generated and 
incorporated in the treatm ents with Gliricidia 
(Tg and T^)were m ore com pared to all other 
treatm ents. The g row th  of G liricid ia  was 
hindered by the tw ining nature o f M ucuna 
in  the treatm ent and had reflected in the 
quantity of m ulch generated (Table 2).

D uring the third year of the experim ent 
in 2009, there w as no significant variations 
am ong the treatm ents in plant grow th or soil 
n u tr ie n t s ta tu s  (T ab le  3 ). H o w ev e r, in 
g eneral, in  all the treatm ents an upw ard 
trend in soil O C and pH could be observed 
com pared to the initial soil status.

The soil properties during 2010 (Table 
4) show s the variations in O C status am ong

Table 2. Mean weight of mulch materials (g plant ) incorporated in different treatments during 2009, 
2010 and 2011

Treatment 2009 2010 2011
NC MC G Total NC MC G Total NC MC G Total

1. NC 167 - - 167 200 - - 200 197 - - 197
2. MC - 163 - 163 - - - 210 285 - 285
3. NC+BF 155 - - 155 220 - - 220 182 - - 212
4. MC+BF - 182 - 182 - 250 - 250 - 340 - 340
5. NC+BF+G 145 - 475 620 205 - 845 1050 200 - 1155 1355
6. MC+BF+G - 192 240 432 - 245 320 565 - 320 490 810
7. Control - 215 - 215 - 275 - 275 - 410 - 410
NC- Natural cover, MC- Mucuna, G-Gliricidia, BF-Bio-fertilizer



Table 3. Soil properties under different treatments in 2009
Treatment OC

(%)
Av.P Av.K Av.Ca 

(mg 100
Av.Mg pH

1. NC 2.4 8.5 25.7 15.5 6.2 4.52

2. MC 2.4 15.5 15.7 18.3 8.0 4.49

3. NC+BF 2.3 26.5 18.6 24.0 8.7 4.46

4. MC+BF 2.1 23.5 24.3 19.1 8.3 4.73

5. NC+BF+G 2.2 26.6 17.6 21.1 7.0 4.49

6. MC+BF+G 2.6 11.3 12.2 18.6 6.2 4.29

7. Control 2.7 21.3 17.8 15.9 6.4 4.41

CD (P < 0.05) NS NS NS NS NS NS

d if fe r e n t  tr e a tm e n ts . T h e  in te g ra te d  
a p p lic a t io n  o f  n u tr ie n ts  v iz . ch e m ic a l 
fertiliz er (h alf the recom m end ed  rate of 
N P K M g ), b io - fe r t i l iz e r  an d  th e  g re e n  
m anure, G liricidia (T  ̂and T^) w ere found to 
b e  effective in building up soil O C  status. 
The treatm ent, Tg had significantly higher 
available nutrients such as K, Ca and M g 
com pared to the control (T^). H owever, no 
m arked differences could be noticed in the 
case of other nutrients am ong the treatm ents 
in the fourth year of the experim ent.

Table 5 show s the effect of d ifferent 
treatm ents on soil properties during 2 0 1 1 . 
T h e  tr e a tm e n ts  T , an d  T  ̂ re c o rd e d5 6
significantly higher O C status com pared to

control. The com bination of green m anure 
o f G liricidia  and the tw o m ulch m aterials, 
n a tu r a l c o v e r  o r  M u cu n a  co v e r , h ad  
significantly  im proved the soil O C status. 
There w as no significant d ifference in soil 
O C  status betw een the treatm ents T, and T ,̂ 
in d ica tin g  th at th e e ffec ts  o f M u cu n a  or 
n a tu ra l g ro u n d  c o v e r  w ere  s im ila r  in  
im proving the soil O C  status.

In treatm ents T  ̂ and T^ w here green 
m anure derived from Gliricidia was used, the 
P O S C  in  th e  s o il a ls o  h ad  sh o w n  an 
im provem ent. It indicates the possibility  of 
im provem ent o f active or labile carbon pool 
through the application o f G liricidia m ulch. 
The active or labile carbon pool in the soil is

Table 4. Soil properties under different treatments in 2010
Treatment OC

(%)
Av.P Av.K Av.Ca 

(mg 100 g-')
Av.Mg pH

1. NC 3.2 2.9 36.6 19.1 5.5 4.57
2. MC 2.8 1.1 29.4 13.7 3.6 4.48
3. NC+BF 2,7 3.0 30.9 16.1 4.8 4.67
4. MC+BF 2.8 1.6 25.1 14.5 4.4 4.48
5. NC+BF+G 3.8 0.9 40.4 28.9 8.1 4.65
6. MC+BF+G 3.7 1.3 33.7 13.2 3.6 4.48
7. Control 2.9 1.4 28.0 14.5 3.7 4.41
CD (P < 0.05) 0.63 NS 7.56 8.18 2.67 NS



Table 5. Soil properties under different treatments in 2011
Treatment OC

(%)
Av.P Av.K Av.Ca 

(mg 100 g ')
Av.Mg pH POSC

(ppm)
TN
(%)

Respiration 
rate 

()o,mols m s )
1. NC 3.3 5.0 10.0 19.1 7.3 4.65 638.8 0.29 5.20

2. MC 3.1 2.7 8.4 11.0 2.8 4.55 592.1 0.22 4.47

3. NC+BF 3.3 16.9 21.0 32.8 10.4 5.00 636.8 0.29 4.08

4. MC+BF 3.5 5.9 9.1 14.9 3.4 4.56 694.3 0.25 4.57

5. NC+BF+G 4.0 12.8 30.9 67.5 26.6 5.32 867.7 0.31 8.08

6. MC+BF-K3 3.9 2.3 9.9 15.1 3.7 4.54 746.8 0.30 5.93

7. Control 3.4 11.7 9.3 18.2 3.6 4.40 690.1 0.30 4.40

CD (P<0.05) 0.47 NS 8,35 15.68 6.49 0.36 60.74 0.049 2.06

re p o rte d  to  b e  g re a tly  in flu e n c in g  th e 
m icro b ia l activ ity . S ig n ific a n tly  h ig h e r  
c o n te n t o f P O S C  in  tr e a tm e n t T^, had  
reflected in the soil respiration rate (Table 5). 
The h igh  quality litter of G liricidia and the 
litter from  the diverse w eed species m ight 
h a v e  p o s it iv e ly  in f lu e n c e d  th e  s o il 
respiration rate in the treatm ent T .̂ Sim ilar 
ob serv atio n s o f im p rov in g  la b ile  carbon 
pool in soil by the application of the green 
m anure, Sesbania  w ere reported by  Verma 
et a l ,  (2010) w ho also reported that the POSC 
is a sensitive and stable index of labile C.

A vailable cations such  as K, Ca and M g 
w ere also found to be significantly  higher 
in  treatm en t Tg com p ared  to co n tro l (T^, 
Table 5). It indicates the positive effect of 
in teg ra tin g  a red u ced  d ose o f  ch em ica l 
fertilizer, bio-fertilizer consortium  and green 
m anure. The green m anure derived from  
Gliricidia w hen integrated w ith bio-fertilizer 
consortiu m  w as fou nd to be m uch m ore 
effective in  natural ground cover than in 
M ucuna  cover in im proving the available K, 
C a and M g contents in soil. The available 
K, Ca and M g contents were not significantly 
d if fe r e n t  in  tr e a tm e n ts  T ,, T^and T^. 
A pplication o f half or full dose o f fertilizers 
along w ith  either o f the ground cover or 
M u cu na  did n ot resu lt in  any sign ifican t

c h a n g e s  in  so il K , C a an d  M g  s ta tu s . 
How ever, w hen h alf the recom m ended rate 
o f  n u tr ie n ts  w as in te g r a te d  w ith  b io ­
fe r t il iz e r s , s ig n if ic a n t  im p ro v e m e n t in 
available K, Ca and M g (T  ̂and T ;̂ Table 5) 
w as observed . T h e im p rovem ents in the 
availab le  n u trien t statu s (K, Ca and M g) 
w ere ev en  m ore s ig n ifica n t w hen  green  
m a n u re  d e r iv e d  fro m  G lir ic id ia  w as 
integrated w ith chem ical fertilizer and bio­
fertilizer.

W h en  th e to tal n itro g en  in  so il w as 
considered, T j w as better than T 2  indicating 
th a t th e h a lf  d o se  o f  sta n d a rd  N P K M g 
fertilizer in  natural ground cover resulted

Table 6. Girth of rubber plants under different 
treatments in the year 2011

Treatment Girth of rubber 
plants (cm) 

in 2011

1. NC 38.3
2. MC 38,3
3. NC+BF 39.9
4. MC+BF 36.8
5. NC+BF+G 37.5
6. MC+BF+G 33.8
7. Control 36.9
CD NS



Table 7. Correlation among different soil properties
TN OC POSC pH Av.Ca Av.Mg AvP AvK Soil

respiration

TN 1.00
OC 0.65 ** 1.00

POSC 0.49 * 0 .74** 1.00
pH 0.32 0.36 0.38 1.00
Av.Ca 0.44 0.47 0.63 0.85** 1.00

Av.Mg 0.45 0.51 0.62 0.85 0.97 1.00
Av.P 0.25 0.10 0.17 0.48 0.37 0.28 1.00
Av.K 0.27 0.34 0.59 0.83** 0.76 0.72 0.63 1.00
Soil respiration 0.24 0.52 * 0.66 ** 0.54** 0.59 0.57 0.23 0.60 1.00

*Significant at P<0.05; ‘^Significant at P<0.01

in m ore N  in  the soil than in M ucuna ground 
cover. In te g ra tio n  o f  b io -fertiU z e r w ith  
chem ical fertilizer (T̂ )̂ w as not very effective; 
h ow ever, w h en  g reen  m an u re w as also  
incorporated (T .̂) significant im provem ent 
in total n itrogen could be observed w hen 
M ucuna w as the ground cover. It indicated 
the enhancem ent of the efficiency  of b io ­
fertilizer w hen applied  along w ith  green 
m anure. H ow ever, in natural cover no such 
trend in soil N could be observed. Total N 
w as on p ar in soils w here recom m ended rate 
o f application of nutrients and integrated 
application of h alf the recom m ended rate of 
N PK M g, b io-fertilizer and green m anure 
w ere applied. Sim ilar results w ere reported 
earlier. The application of G liricidia  green 
m anure had im proved soil nutrient status 
and soil quality. The integration of Gliricidia 
green m anure w ith chem ical fertilizers was 
reported to be beneficial for sustaining stable 
agricultural system s (Priyanka, 2010).

T h e  s o il p H  w as fo u n d  to  b e  
significantly  varying am ong the d ifferent 
treatm ents during 2011 (Table 5). In general, 
the treatm ents w here natural w eeds as the 
g ro u n d  cover, so il pH  w as fou n d  to  be 
higher than in treatm ents w ith M ucuna  as 
the ground  cover. T h ere  w as n ot m u ch

variation am ong the soil pH in treatm ents 
w h e re  M u cu n a  w as th e  g ro u n d  c o v e r  
viz.,T^,T^,T^ an d  T^. T h e  in te g ra tio n  o f 
ch em ica l fe rtiliz e r  w ith  b io -fe rtiliz e r  or 
green m anure w as not effective in changing 
the pH  in soils under M ucuna  ground cover. 
H ow ever, the integration o f bio-fertilizer or 
green m anure w ith chem ical fertilizers had 
s ig n if ic a n t ly  re d u ce d  s o il a c id ity  in 
tr e a tm e n ts  w ith  n a tu ra l g ro u n d  co v e r 
(T 3  and T^). The soils under the treatm ents 
T  ̂ and  T ,, in  n a tu ra l g ro u n d  co v er had 
significantly  higher pH  or less acidity than 
th e co n tro l tre a tm e n t w ith  fu ll d o se  of 
chem ical fertilizer in M ucuna cover.

T h o u g h  c e r ta in  c h a n g e s  c o u ld  be 
observed in soil nutrient status and pH , no 
significant difference w as observed for the 
g ir th  o f  th e  ru b b e r  p la n ts  a m o n g  th e 
different treatm ents during the initial period 
and also in the fifth year of the experim ent 
{Table 6 ).

C orrelation  am ong the d ifferent soil 
properties are show n in Table 7. Soil O C  is 
significantly and positively  correlated with 
POSC. Soil O C  is also correlated w ith soil 
respiration (P < 0.05), w hile the relationship 
betw een POSC and soil respiration is highly 
s ig n ifican t (P  < 0 .01). H igh ly  sig n ifican t



correlation also existed betw een pH  and soil 
resp iration . Strong  relationship  observed 
betw een soil pH  and available form s of Ca 
and M g. T hese results indicate that PO SC  is 
a good soil quality indicator to represent soil 
m icrobial activity or respiration rate. It also 
in d icated  th at so il acid ity  in flu en ce  soil 
m icrobial ac tiv ity  along w ith organic m atter 
quality.

CON CLUSION

T h e  s tu d y  in d ic a te d  th a t g ro w in g  
G liric id ia  is feasib le  in  im m atu re ru bber 
fields esp ecially  in natural ground cover. 
The integrated application o f green m anure 
derived from  G liricidia, b io fertilizers and

h a lf  th e re co m m en d e d  ra te  o f N P K M g 
im proved soil health in the im m ature rubber 
f ie ld s . T h e  c o m b in a tio n  s ig n if ic a n tly  
im p ro v e d  th e  q u a lity  an d  q u a n tity  of 
o rganic m atter in  soil w hich in tu rn  had 
reflected on  higher soil m icrobial activity or 
soil respiration rate. The rate of application 
o f N PKM g in im m ature rubber fields can be 
reduced to h alf if applied along w ith bio­
fertilizer and g reen  m anu re. It w as also  
observed that the soil pH  was slightly lower 
in  trea tm en ts  u n d er M u cu na  cover than 
treatm ents under natural ground cover. The 
grow th of H evea  in  the im m ature phase was 
not found to be varying am ong the different 
treatm ents.
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