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An experiment was conducted to study the effect of sequential reduction of fertilizer doses for ban«ina when 
grown as an intercrop with rubber in Assam. Rubber was manured as per the standard recommendation for the 
region throughout the experiment period. All banana plants received uniform recommended dose of fertilizers 
during first year. From second year onwards, different doses of fertilizers i.e. 0 ,25 ,50  and 100 per cent were 
applied to banana. Observations on growth of rubber, yield of banana, soil and leaf nutrient status were 
recorded. Intercropping with banana, irrespective of its fertilizer doses significantly improved the growth of 
rubber. Yield of banana was comparable in the treatments which received 100 per cent fertilizers throughout, 
100 per cent fertilizer during first year, 50 per cent during second and third year and 100 per cent during first 
year, 50 per centduring second year and 25 per cent during third year. There were no significant differences 
in organic matter content and pH of soil, however, significant reduction in available phosphorus and potassium 
contents were observed in treatments which received lower dose of fertilizers. The study shows that the 
fertilizer dose for the second crop of banana can be reduced when cultivated as an intercrop in young rubber 
plantation, without adversely affecting the growth of rubber.
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IN T R O D U C T IO N  cu ltiva tio n  m  N o rth  E ast Ind ia . It is  p o ssib le
_  . . .  . , to effectively  u tilize  the in ter-ro w  sp ace s  in
R u obeT  (Hevea brasihensis) IS a  p e ren m a l , , , , .  ̂ .

tree, latex  o f w h ich  is  p ro c e sse d  to  p ro d u c e  fo r  g r o w in g
the stra teg ica lly  im p o rtan t n atu ra l rubber. m tercrop s (Je ssy  ei a l,  1998; R oy f t  a l ,  2001).
O f late, ru b b er cu ltiv a tio n  in  the N o rth  E a st  b a n an a  is  a  v ery  p o p u la r  fru it crop  in  N orth
In d ia  h a s  b e c o m e  v e ry  p o p u la r . R u b b e r  E a st In d ia an d  w a s  fo u n d  to  b e  su itab le  a s
p la n ts  req u ire  a p p ro x im ate ly  7 to  8 y e a rs  an  in tercrop  in the region . W hen b an an a  is
to  a t ta in  m a tu r ity  (S e th u ra j et a l ,  1989 ; c u lt iv a te d  a s  a n  in te r c r o p , s u b s t a n t ia ]
V in od  et a l ,  1996), a n d  the co m p arativ e ly  q u an tities o f n u trien ts are  recycled through
l o n g  g e s t a t i o n  p e r io d  i s  o n e  o f  th e  crop  re sid u es  (Je ssy  et a l,  1998), w hich  w ill
c o n s t r a in t s  fo r  e x p a n s i o n  o f  r u b b e r  b e  av a ilab le  fo r  the su b seq u en t crops. This
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Stud y w as c a r r ie d  o u t to  fin d  o u t th e  
fertilizer requirem ent of banana w hen grown 
as an intercrop in young rubber plantation.

M A T E R IA L S  A N D  M E T H O D S

The experim ent w as conducted during 
the period from  A pril 2005 to M arch  2008 
at R u bber R esearch  and Training C entre, 
H ahara, Kam rup district of A ssam  w hich 
is  a b o u t 32  k m  a w a y  fro m  G u w a h a ti 
tow ards the eastern side. The experim ent 
w as laid o u t in random ised b lock  design 
w ith  eight treatm ents (Table 1) and three 
rep lications.

The clone R R IM  600 w as p lanted  
during July 2005 at a spacing of 6 .7  x 3.4 m. 
Sw o rd  su ck e rs  o f lo ca l b a n a n a  v a rie ty  
M albhog o f m edium  height and sw eet taste 
w ere planted  as a single row  in  the m iddle

o f tw o in ter-row s of rubber at a spacing of
2 m  b e tw e e n  p la n ts  d u r in g  Ju ly  2 0 0 5 . 
C u ltu r a l o p e r a t io n s  fo r  ru b b e r  w ere  
follow ed as per the recom m end ations of 
R u b b e r  B o a rd  (R u b b e r  B o a rd , 2 0 0 4 ) . 
C ultural operations recom m ended for the 
s ta te  w e re  fo llo w e d  fo r  b a n a n a . T h e  
q u a n titie s  o f  fe r t il iz e rs  for ru b b e r  and  
banana are given in  Table 2.

Soil sam ples w ere collected before the 
com m encem ent of the experim ent (M arch 
2005) and four years after planting (M arch
2008). The soil sam ples w ere analysed for 
organic carbon, available phosphorus (P) 
and potassium  (K) and pH  as per the method 
outlined  by  Jack son  (1973). L eaf sam ples 
w ere co llected  from  ru b b er an d  b an an a 
during Septem ber 2007 for the analysis of 
nutrient content. L eaf n itrogen content was 
d e te rm in e d  b y  K je ld a h l m e th o d . T h e

Table 1. Treatment details
Treatme^^ Crop Fertilizerdose for banana

First year (2005)______Second year (2006) Third year (2007)

T1 Rubber+Banana RDF* for banana RDF for banana RDF for banana

T2 Rubber + Banana RDF for banana 50% of RDF for banana 50% of RDF for banana

T3 Rubber + Banana RDF for banana 50% of RDF for banana 25% of RDF for banana

T4 Rubber + Banana RDF for banana 50% of RDF for banana No fertilizer for banana

T5 Rubber + Banana RDF for banana 25% of RDF for banana 25% of RDF for banana

T6 Rubber + Banana RDF for banana 25% of RDF for banana No fertilizer for banana
T7 Rubber + Banana RDF for banana No fertilizer for banana No fertilizer for banana

T8 Rubber alone RDF for rubber RDF for rubber RDF for rubber
*RDF; Recommended doses of fertilizers

Table 2. Recommended doses of fertilizers for rubber and banana

Crop Fertilizer dose
Urea SSP RP MOP

Banana (gplant*) 240 210 - 550
Rubber (g plant') 1st year 130 165 188 50

2nd year 260 330 376 100
3rd year 290 - 900 120



sam ples w ere ashed a t 600 ”C  for 18 hours 
and the ash w as dissolved in  hydrochloric 
acid. The solution w as used for determination 
of P  content by UV spectrophotometer and K  
by flam e photometer.

R ES U L T S  A N D  D IS C U S S IO N  
Growth of rubber

S ig n ifica n t d iffe re n c e  in  g ro w th  o f 
rubber w as not observed betw een treatm ents 
in  eight m onths after planting. D uring 2007 
( 2 0  m onths after planting), grow th of rubber 
in the treatm ents T1 and T4 w as significantly 
superior to that o f rubber alone treatm ent 
(T a b le  3 ) . D u r in g  M a rch  2 0 0 8 , a ll

Table 3. Influence of varying doses of fertilizers for

Treatment
Girth of plants

2006
(March)

2007
(March)

2008
(March)

T1 6.35 14.70 24.85

T2 5.92 12.91 22.62

T3 6.18 13.44 23.63

T4 6.05 14.18 23.44

T5 5.87 12.93 21.61

T6 5.98 14.05 21.93

T7 6.14 13.70 22.88

T8 5.84 10.66 17.75

CD (P *  0.05) NS 3.46 4.12

in tercrop p ed  treatm en ts excep t T 5  w ere 
sig n ifican tly  su p erio r to the treatm ental, 
ru b b e r  a lo n e . H o w e v e r, th e re  w as n o  
significant difference betw een intercropped 
treatm en ts. D ifferen t d oses of fertilizers 
ap p lied  to  b an an a  d id  n ot in flu en ce  the 
grow th o f rubber. U nd er a given clim atic 
condition, early grow th of rubber is m ostly 
dependent on the initial p lan t vigour and 
soil fertility  status. L im iting  root system  
during the initial years of grow th o f rubber

do n ot exploit the nutrients from  the soil in 
the inter-row  spaces. M oreover, rubber was 
separately and adequately m anured. Hence, 
v a r ia tio n s  in  th e q u a n tity  o f fe rtiliz e rs  
a p p lie d  fo r  b a n a n a  d id  n o t h a v e  any  
significant effect on grow th of rubber. The 
o v era ll su p erio rity  in  g ro w th  o f ru bber 
in tercro p p e d  w ith  b an an a co m p ared  to 
m onocrop of rubber m ight be due to better 
m icro -c lim a te  in s id e  th e in te rc ro p p in g  
system  and other favou rable interactions. 
S ig n ific a n t im p ro v e m e n t in  g ro w th  of 
rubber due to intercropping w ith  banana 
was reported in several earlier studies (Jessy 
et a l ,  1998; Roy et ah, 2001; George et ah, 2010).

Yield of banana

T h ere  w as n o  s ig n ifica n t d ifferen ce 
betw een treatm ents w ith  resp ect to  yield 
attributes and yield of banana during 2006. 
D uring 2007, h ighest yield w as recorded in 
T1 w hich  received  fu ll dose of fertilizers 
throughout. It w as com parable w ith  T2 and 
T3, w hich received 50 per cent fertilizers 
during second and third year and 50 per cent 
during second year and 25 per cent during 
third year (Table 4). H ands per bu nch  also 
follow ed the sam e trend. D rastic reduction 
in yield of banana w as observed in  plots (T 6  

and T7) receiving only 25 per cent of the RDF 
o r  n o  fe r t il iz e r s  fro m  th e seco n d  y ear 
onw ards. Reduction in  fruit size during the 
secon d  h arv est seaso n  w as ob serv ed  as 
re flected  by  the red u ced  w eig h t o f unit 
bunch. R esidual effect of fertilizers applied 
during the previous years and the nutrients 
re leased  from  crop resid u es m igh t have 
re d u c e d  th e  fe r t i l iz e r  re q u ir e m e n t o f 
banana during the second cropping season. 
Jessy  et  ah  (1998) rep orted  co n sid erab le  
r e c y c lin g  o f  n u tr ie n ts  th ro u g h  b an an a  
re s id u e s  an d  a lso  a p o sitiv e  b a la n c e  o f 
nutrients after intercropping w ith  banana.



Table 4. Yield of banana as influenced by fertilizer doses

Treatment Hands per bunch Fingers per hand kg per bunch

2006 2007 2006 2007 2006 2007

T1 8.2 8.4 14.3 14.8 10.8 11.3

T2 7.7 7.3 13.6 13.2 9.5 9.2

T3 7.9 7.1 13.8 12.6 9.8 8.9

T4 7.7 6.4 13.2 11.4 9.6 6.3

T5 7.2 5.9 13.0 10.6 8.7 5.7

T6 7.0 5.1 11.6 10.2 8.3 5.1

T7 7.0 4.6 11.3 9.7 8.0 4.2

CD (P = 0.05) NS 1.8 NS NS NS 2.6

■ Yield recorded till the end of December during 2006 and 2007

Soil nutrient status

A n a ly s is  o f so il sa m p le s  co lle c te d  
d u rin g  M a rch  2 0 0 8  sh o w ed  an  o v e ra ll 
reduction in organic carbon content under 
a ll  tr e a tm e n ts  co m p a re d  to  th e  p r e ­
treatm ent values (Table 5). The difference in 
organic carbon content am ong the treatm ent 
w as not significant.

In tercropping of rubber w ith  banana 
sh o w e d  a r e d u c t io n  o f  a v a ila b le  
phosphorus, w hereas it increased in the plot 
w ith  ru b b e r  a lo n e , co m p a re d  to  p re -

TableS. S o il n u trien t statu s under d ifferen t 
treatments (March 2008)

Treatment Organic Available P Available K pH 
carbon (%) (mg 100 g ’)(mg 100 g'̂ )

Pre-treatment 1.27 1.04 7.12 5.01
Tl 1.25 1.01 6.87 4.70
T2 1.30 0.87 5.81 4.93
T3 0.97 0.90 5.21 5.05
T4 1.17 0.70 4.76 5.12
15 0.92 0.84 5.12 4.87
T6 1.06 0.74 4.07 5.25
T7 0.85 0.59 3.62 5.10
T8 1.12 1.40 7.25 4.98
CD (0.05) NS 0.21 1.27 NS

treatm ent value. For banana, single super 
phosphate (SSP) w as the source of P  and it 
has less residual effect com pared to rock 
p h o sp h ate , w h ich  is th e so u rce  o f  P  for 
rubber. H en ce continu ou s ap p lication  of 
ro c k  p h o sp h a te  m ig h t h a v e  in c re a s e d  
av ailab le  P co n ten t o f so il in  p lo ts  w ith  
ru b b e r  a lo n e . In  th e  c a s e  o f  b a n a n a , 
application of SSP and uptake by plants might 
have resulted in lower P status in soil after 
intercropping. Contrary to this observatiorv 
in  tra d itio n a l ru b b e r  g ro w in g  trac t , 
in tercropping  w ith banana enhanced soil 
available P  status and this m ight be due to 
the addition of rock phosphate as the source 
of P  in this experim ent (Jessy e f  a!., 1998).

Banana is a heavy feeder of potassium  
(Jessy et ah, 1998). Soil available K  status was 
com parable in the treatm ents w hich received 
full dose o f fertilizers throughout and which 
received full dose during first year and 50 per 
cent during second and third year. There was 
a significant reduction in available potassium 
status in the other intercropped plots. N o 
sigruficant difference in soil pH w as observed 
am ong the treatm ents.

The nutrient requirem ent of banana is 
com paratively  high and it is m ainly due to 
their rapid and vigorous grow th and high



Table 6. Leaf nutrient content (%) of rubber and banana (September 2007)

Treatment Rubber Banana
N P K N P K

11 3.05 0.21 1.24 3.22 0.28 3.16

12 3.26 0.20 1.28 3.04 0.24 2.96

13 2.89 0.18 1.30 3.16 0.18 2.89

T4 2.76 0.22 1.16 2.87 0.19 2.76

T5 3.14 0.19 1.07 3.01 0.21 2.78

T6 2.90 0.20 1.14 2.72 0.16 2.18

T7 2.85 0.18 1.25 2.35 0.11 2.04

T8 3.28 0.22 1.18 - - -
CD (P = 0.05) NS NS NS NS 0.06 0.32

fru it y ield . It m ainly  exploits su rface soil 
due to  sh a llo w  ro o t sy stem  o f th e crop 
(Chadha and Bhargava, 1997). The results 
indicated the need for careful m onitoring of 
soil nutrient status after intercropping and 
th e  n e c e s s i ty  fo r  th e  a d o p tio n  o f 
d iscrim in a to ry  fe rtiliz e r  a p p lica tio n  for 
ru b b e r  b a se d  on  so il and  le a f  n u tr ie n t 
status.

Leaf nutrient status

Leaf nutrient status of rubber w as not 
influenced b y  reducing the fertilizer dose to 
b a n a n a  in d ic a t in g  la c k  o f c o m p e titio n  
betw een banana and rubber for nutrients 
(Table 6 ). This m ight be the reason for the lack 
o f in flu en ce of treatm en ts on  g row th  of 
rubber. C ontrary to this, Jessy et al. (2005) 
observed  sign ificantly  low  status o f K  in 
rubber leaves during the active growth period 
of banana in traditional rubber growing tract. 
C ritical values of leaf nutrient content for 
banana are N- 2.6 (range 2.3-3.S), P 2 O 5 - 0.45 
(range 0.53-0.81) and K^O- 3.3 (range 2.0-5.3) 
expressed as per cent o f dry weight.

Though no d eficiency  sym ptom  w as 
o b serv ed , le a f P  co n ten t w as b elo w  the 
cr itica l range for b an an a . L eaf N and  K 
contents w ere w ithin the critical range. No

significant difference in leaf N content was 
observed am ong the treatm ents. However, 
there w ere significant differences in  P and K 
contents of leaves o f banana. Leaf P  status in 
p lo ts  re c e iv in g  fu ll d o se  o f  fe r t il iz e r s  
throughout w as com parable w ith the plots 
receiving, 50 per cent of fertilizer during 
second and third year and w as significantly 
h ig h er th an  all o th er treatm en ts. L ea f K 
statu s w as com p arab le  in  T 1,T 2 and T3, 
w here the treatm ents receiv ing  fu ll dose 
throughout, full dose during first year and 
50 per cent during second and third year and 
full dose during first year, 50 per cent during 
second year and 25 per cent during third 
year.

Economics of crop production

The econom ics of various treatm ents 
have been presented in  Table 7. A  perusal of 
the data on total incom e and expenditure in 
different treatm ents revealed that T1 yielded 
m axim um  net incom e per hectare. However, 
the highest return (2 .6 6 ) per rupee invested 
w as observed w ith T3. The net return and 
return per rupee invested w ere found to be 
the low est w ith T7. Except fertilizer, the cost 
of labour and other inputs are sam e for all 
the treatm ents w ith banana as the intercrop



Table 7. Benefit:Cost ratio of different treatment combinations
Treatment Cost of Gross Net return per ha B:C Ratio

cultivation per ha (Rs.) Return per ha (Rs.) (Rs.)
T1 52452 183435 130983 2.50
T2 44867 152216 107349 2.39

13 42359 155030 112671 2.66

T4 40298 131973 91675 2.27

T5 40287 119529 79242 1.97

16 38149 111224 73075 1.92
T7 36062 101261 65199 1.81

and  th a t is  th e re a so n  w h y  T 3 sh ow ed  
higher benefit cost ratio  (BCR) than T 1 .

C O N C L U S IO N

The study indicated the possibihty of 
reducing the fertilizer dose for the second 
cro p  o f  b a n a n a  w h en  c u lt iv a te d  as an 
in te rc ro p  in  y o u n g  ru b b e r  p la n ta tio n , 
w ithout adversely affecting the grow th of 
rubber. H ow ever, so il nu trien t dynam ics

after the intercropping period needs careful 
m on itorin g  and d iscrim in ato ry  fertilizer 
recom m en d ation  should  be fo llow ed  for 
rubber after the intercropping period.
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